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ANNUAL INDEX—JOURNAL OF CHEMICAL EDUCATION 


The annual index for Volume 26 of the Journal of Chemical 
Education is divided into several parts. The author index is in 
three sections: authors of articles, books reviewed, and letters 
to the editor. The subject index includes both subjects and 


Avetson, FrepL. Qual-rack 

Aumann, J. Stanuey. A comparison of 
teaching methods 

AtpertY, Ropert A.—See Van Hotpe, K. 

ALEXANDER, A. E. The synthesis of rutile 
and emerald 

Amster, A. B., C. W. Beckett, ann H. L. 
JoHNsToN. The use of punched cards 
for the coding of inorganic and simple 
organic compounds 

Anpers, Hanns K.—See Cauey, Ear.e R. 

AstLeE, Metvin J.—See JEvInex, H. Nor- 
MAN 

Amz, D.—See McLaveautin, R. R. 


Bartow, Vrremnta. W. F. Hillebrand and 
some early letters 

BeamisH, F E., anp Epna V. Eastcortr. 
Reacting weight of a metal 

Beckett, C. W.—See Amster, A. B. 

Bennett, Georee W. Liquid unknowns 
in quantitative analysis 

BIKERMAN, J.J. Remarks on the theory of 
capillarity 

Bitincer, R. D. Early Pennsylvania 
paper making 

Bircn, E. J. H. Hardness in water—a 
demonstration 

BLANKENSHIP, FORREST, AND PauL Don- 
ALDSON. An improved demonstration 
experiment on gas adsorption 

BLUMENTHAL, WARREN B. Some features 
of zirconium chemistry.............. 

Bonn, Howarp W. Opportunities for em- 
ployment at the National Institutes of 
Health 

Bonner, JAMES. Synthesis of isoprenoid 
compounds in plants 

Boorp, Cecin E.—See Bossert, Roy G. 

Borestrom, P. Professional development 
of young scientists in naval research... . 

Bossert, Roy G., Ricaarp C. Crort, AND 
Ceci E. Boorp, Hydrolysis of nylon 

Bowen, Dovetas M. Variation in reac- 
tivity—a demonstration 

Bowen, Jonn B. Apparatus for fractional 
distillation under reduced pressure 

Bowman, Max I. The reaction between 
potassium permanganate and hydrogen 
peroxide 

Boyte, J. W., anD C. H. Secoy. Neatness 
and efficiency at the glass-blowing table 

Brewer, Georce E.F. Student activities 
sponsored by the Detroit Section of the 
American Chemical Society 

Brewer, Leo, aNnD ALAN W. SEaRcyY. 
Utilization of equilibrium vapor pres- 


Brock, H.—See DaMERELL, V. R. 
Bropr, Wattace R. Bibliography of 
hemistry and chemical technology 





textbooks in the Spanish and Portu- . 


guese language 
Brown ALFRED §.—See Horr, Foster H. 
BURKETT, Howarp. A_ demonstration 
polarimeter 


409 


254 
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section. 


AUTHOR INDEX 


Burrows, J. Austin—See Smitu, Orro M. 


Cauey, Earue R., anp Hanns K. ANDERS. 
On the introduction of potassium di- 
chromate as a volumetric reagent 
Klaproth as a pioneer in the chemical in- 
vestigation of antiquities 
Lecture demonstration of ore flotation. ... 
Catvin, Metvin. The path of carbon in 
photosynthesis 
CAMERON, MarGaret Davis. Victor 
Meyer and the thiophene compounds. . 
CAMPBELL, J. A. Interpreting electronic 
structures 
Casstipy, Haroutp G. 
chemical purity 
Cuace, Witu1amG. Laboratory note 
Cuao, Mien, AND Megan-Tsena Sv. 
new reagent for detection of ferrocy- 
anide ion 
Cup, Ernest. 
tus salesman 
CuurcH, FRANKLIN 


On the nature of 


Memories of an appara- 
W. Industrial toxi- 


Cuapp, LEALLYN B.—See Couss, James S. 

Coues, James S., LEALLYN B. CLapp, AND 
Rosert P. Eppte. A new program for 
teaching the fundamentals of chemistry 
in college 

Coot, R. D. Student results in quantita- 
tive analysis 

CortTetyou, ErTsHALINE. National 
operative undergraduate chemical re- 
search program 

Crort, Ricnarp C.—See Bossert, Roy G, 


Dant, Louis A. Equilibrium in heteroge- 
neous systems of two or more com- 


DaMERELL, V. R., AND H. Brock. Colloi- 
dal gardens from sodium metasilicate. . 

Davis, Harry W., W. R. GILKERSON, 
anp H. H. Hernanpez. The Wurtz 
reaction 

Davis, Hersert L. Industrial require- 
ments of courses in colloid chemistry. . . 

Davis, Moss VERNON, AND Frep H. Heats. 
The qualitative separation of cadmium 
ion from cupric ion 

Dean, Rosert B. The textbook of colloid 
chemistry—evaluation of an ideal 

DeEcELLES, CorRINNE. The story of dyes 
and dyeing 

DeLoaca, Witt S., James L. EILAND, AND 
James G. Harmon. Automatic titra- 
tion demonstration 

pe Mitt, Cuara. The value of the histori- 
cal approach in the teaching of general 
chemistry 

Demine, Horace G. A mechanical quiz- 

DonaLpson, Pavut-—See BLANKENSHIP, 
ForREstT 

Dunuap, H. L., AnD Frep Tate. A table 
for processing corks and storing support 


Dounnina, WitsuR G. The maximum use 


689 


titles by printing the former in italics. 
medals, are indicated by (P). 


203 


242 


639 


521 


477 


335 


390 


266 


433 


309 


of the chemistry laboratory 
Dvuveen, Dents. Michael Faraday on 


Dyson, G. Matcoum. Some applications 
of the Dysonian notation of organic 
compounds 


Eastcorr, Epna V., anp George F. 
Wricut. Small-scale experiments for 
the organic chemical laboratory (Oxi- 
dation of para-nitrotoluene)........... 

—See Beamisu, F. E. 

Ecxstrom, H. C.—See Rick.1n, 8S. 

EpeELsTEIN, SypNEY M. An historic kit 
for blowpipe analysis 

E1Lanp, James L.—See DeLoacna, W111 8. 

E1seMANN, Kurt. pH and hydrolysis of a 
doubly weak salt 

Euuts, Ruts H., anp Epwarp R. LINNER. 
Determination of the exact atomic 
weight from its combining weights 

Eppue, Rosert P.—See Couss, James S. 


Fawcerr, Howarp H. Supplementing the 
chemical curriculum with safety educa- 


FexLaNnpT, Pamip R. The standardiza- 
tion of sodium hydroxide solution. A 
laboratory experiment in general 
chemistry 

FretpmMan, Harry B. The recovery of sil- 
ver from a dime 

FERNANDEZ, JOSE, AND Samuet H. Les- 
owltz. Model of a mass _ spectro- 


Finnout, R. W. Textbook configurations 
for sugars 

Friacn, DonaLp O.—See Riecen, Emin R. 

Foster, LAURENCE 8S. The periodic table 
and arrangement of the extranuclear 
electrons 

Fowtes,G. Science in education 

FrrepMANn, Harotp B.—See JENKINS, Hvu- 
BERT W. 


Gatnes, P. C., anp Ray Woopnrirr. Quali- 
tative separation of copper and cad- 
mium by sodium dithionite (Na2S20,). . 

GANZENMOLLER, W. Julius Ruska 

GaRNER, Cuirrorp S. The Lauritsen 
quartz-fiber electroscope 

GEISLER, WALTER C.— See WabDE, FRANK B. 

GetssMAN, T. A. The chemistry of flower 
color variation 

Girrorp, Dorotay W. Correlation of 
high-school and college chemistry 


Gitxerson, W. R.—See Davis, Harry W. 
Gortz-Lutuy, Nyp1a. Separation of pri- 
mary, secondary, and tertiary amines 
by chromatographic adsorption analy- 


Fusion analysis; a rapid method for 
identification of organic compounds.... 
Gorman, MEL, AND SisteR Mary CLARE 
Murpuy. Liquid junction potential 
calculations 


titles to articles; the books reviewed are listed in a separate 
The principal subject entries are distinguished from 
Portraits, including 
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Gray, Dwient E. How readable is your 
eee TCT 
Greoor, Harry P. A lecture demonstra- 
tion of the Donnan equilibrium........ 
Greueck!, C. J., and Jay A. Youne. A 
simple oscillating stirrer........... 


Ham, Vira S., Jr., anp Georce D. Pat- 
SERED, RI DOMIIN  o.5 55 010608 64.50 wins 
Hamitt, Wituram H., Russert R. WIL- 
LIAMS, JR., AND Rospert H. ScHuLeER. 
Laboratory exercises in nuclear chemis- 


try. 
Part I. General principles............. 
PartII. Activation and detection....... 
Part III. Preparation and properties of 


several halogen activities............. 

Hanson, ALLEN L. War surplus: a boon 
to college science departments........ 

Harmon, James G.—See DeLoacn, WILL 
8. 

Hauser, Ernst A. Importance of the 
implication of colloid chemistry in 
PORANG ODUNIIB Soc 5' 55's 2p 0% 605 ales 

Raphael Eduard Liesegang 1869-1947... 
The polaroid land camera—a new tool 
for education and research........... 
What an introductory course and text- 
book on colloid chemistry should offer. . 

Hazet, Frep. An outline of a colloid 
chemistry course................s006. 

Heatn, Frep H.—See Davis, Moss 
VERNON 

Heiwt, Lawrence J. The photochemi- 
cal reduction of thionine............. 

Henke, L. K. Infrared drying oven...... 

HERNANDEZ, H. H.—See Davis, Harry W. 

Herron, Frep Y. A convertible periodic 


Stand for Crookes tubes................ 
Uses for synthetic sausage casing......... 
Hewitt, WiiuraM F., Jr. The academic 
literature-science unit................ 

Hickman, James B.—See Yt, Hune-Ao 
HivpeBRAND, Jorn H. A philosophy of 
RY Pr ee eee ey ry 
Horr, Foster, H., anp ALFRED S. Brown. 
Semimicro techniques for high schools. 
Hoop, Grorce C., Jr., aNnD GEorRGE W. 
Morpuy. The decomposition of silver 
oxide—an autocatalytic reaction....... 
Howarp, Lovis B. Opportunities for 
chemists in the Bureau of Agricultural 
and Industrial Chemistry............ 
HowertTon, Paut W. Russian literature 
in organic chemistry................. 

Houser, C. F.—See Jettnex, H. NoRMAN 
Huntinepon, R. L. Visual apparatus in 
the chemical engineering laboratory... . 


Jasper, Josern J., anp Harriet E. Pourt. 
Phase relations of the system ethylene 
chlorohydrin—cyclohexane........... 

Jevinex, H. Norman, C. F. Huser, anp 
Me vin J. Astute. A continuous mer- 
ae er oF ase 

Jenkins, Husert W., anp Haroutp B. 

FrrepMan. Modern wax technology... . 

Jounson, Donatp—See WEINER, S. 

Jounston, H. L.—See Amster, A. B. 


Jones, Morra C.—See RENNER, GERALD F, 


JosepH, Lionet, Metvyn K. Ross, aNnD 
Witutram G. Vo.uetr. Laboratory 
preparation of normal alkyl bromides. . 

Just, Evan. Mineral depletion and metal 
DE ins b Stine te. wade see eee eb eee 


Kesser, Witt1amG. Some peculiar teach- 
PNB ic von'cd vieatewaa rete ett 
Kina, K. C., ano W. J. L. WALuLaAce. 
1947-48 college chemistry testing pro- 


374 


260 


666 


87 


210 
310 


667 


513 


566 
274 


224 


26 


22 


525 
512 


540 
440 
598 


450 


530 


169 


74 


205 


462 


485 


597 


182 


329 


331 


226 


Kirx, RayMonpDE. The chemist-teacher. . 
Kniaut, SAMUEL B.—See Trrexz, 8S. Youna, 


JR. 
Kraus, Cuartes A. The chemistry of 
organo-metallic compounds........... 


Kravs, GERARD, AND RussELL TYE. 
apparatus for the study of diffusion in 


Krieger, K. A. A punched-card system 
for chemical literature............... 


Laneevin, Joserx. A method for filtering 


small quantities of sludgy material..... 
LesowiTz, SamMuEL H.—See FERNANDEZ, 
JOSE 
LEIcEsTER, Henry M. Chemistry in early 
a Ee Rae rea rare aeee me eee 
Lesser, Mitton A. Glycerin—man’s most 
versatile chemical servant............ 


LINDEKE, W. A.—See NEBERGALL, W. H. 
LinnER, Epwarp R.—See Exuts, Ruts H. 
Loagan, Toomas S. The presentation of 
acids and bases in textbooks........... 
Lone, Joun R. Nonleaking stopcock...... 


McAtrine, R. K. The iodometric titration 
of arsenite in alkaline solutions........ 
McCutitocn, Leon. Demonstrating 
Gerladial Canon. «6 <eccdscsy dcakesls 
McCorcueon, T. P.—See Wriatey, A. N. 
McLavaa.in, R. R., anv D. Aziz. A lec- 
ture experiment to demonstrate the ad- 
sorption of gases by solids............ 
MANDEL, JouN. Statistical methods in 
analytical chemistry.................. 
Marion, ALEXANDER P. Demonstrating 
ionization potentials with mercury rec- 


tifiers and gas thyratrons............. 
MARTINETTE, SistER Mary. Subcom- 
I ii 5'u tik: ond sparta ne Vea dakiee 


Mast, W. C.—See Wriatey, A. N. 

ME ton, M. G.—See Patrerson, GORDON 
D., JR. 

Metocue, C. C. The motivation of stu- 
dents in the teaching of quantitative 
SOMMER hice akin cea eicdiice ces ees 

The value of error problems in the teach- 
ing of quantitative analysis........... 

MeEREER, Puiuip C., anp JoserpH A. VoNA. 
The use of pyridinium bromide per- 
bromide for brominations............ 

MeRzBACHER, CLAUDE Feu. Correla- 
tion between the freshman testing pro- 
gram and first semester chemistry at 
San Diego State College............. 

Mrxvs, F. F. An improved apparatus for 
the distillation of miscible binary 
oe Scene ere mur Rewer 7 

Miter, S. Porter. A demonstration of 
the conductivities of dilute and con- 
centrated sulfuric acids.............. 

Morpuy, George W.—See Hoop, GrorGr 
C., JR. 

Morpry, Sister Mary Ciare—See Gor- 


MAN, MEL 
MYERs, Devmar K. An effective teaching 
GDEGME iiss he BE Pe Teds abate hs 
Naman, Barnet. The Debye-Hickel 


theory and its application in the teach- 

ing of quantitative analysis........... 
NEBERGALL, W. H., anp W. A. LINDEKE. 
A nomograph for percentage of ionic 
beni: CRARROUN 4 5 x ss ssc 5 ee CER 
Nicxezs, J. E. Automatic trap for labora- 
tory steam distillation............... 
Noutuer, Cart R. Apparatus for lecture 
demonstration of optical activity...... 
Lecture demonstrations in elementary 
organic chemistry.................05 
Noyce, Witt1am K. The formation of ace- 
tone from acetates............ RICE Sere 
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45 


489 


163 


471 


403 


327 


149 
319 


362 


338 


325 


534 


372 


101 


320 


219 


613 


466 


230 


317 


610 


280 


223 


533 


269 


429 


Orsrer, Peter. Standardization of acid 
with potassium iodate.............., 
Oxrsper, RAtpHE. Adolf Butenandt...... 
Bieiah Pisa osc eers.igaeece... 
Friedrich Bergius (1884-1949).......... 
Ginther RienSoker. «..... ... <.000006. ea 
IOI os6 sili n ie a's GRAN G secs ahaha? eons « 
Student fashion—yesterday as today... 
TD TO on ico os wicca dewkicns .. 
WHReli PRONGG oe ve oc nic teases. 
Orr, Witson L. Demonstration reagent 
for corrosion of aluminum............ 
Ostruorr, Rosert C.—See R1reGEx, Emit R. 


Patmer, Georce D.—See Ham, Virciu 
S., JR. 
Parks, GeorGe 8S. Some notes on the his- 
tory of thermochemistry............. 
Parsons, Joun L. Some interesting facts 
RUE DOOR ois ae oesee Chea ss 
PaTTEeRsON, GorDON D., JR., aND M. G. 
MELLON. ‘Classification of methods 
in quantitative chemical analysis...... 
Peakes, GILBERT L. Report indexing by 
DURCHOG CANIN: oc disse k ceNehee es % 
Peters, R.A. British anti-lewisite........ 
PETERSON, SiarreD. A simple experiment 
on error distribution................. 


Puituips,; T.J.. Electromotive force of cells 

with transference.............ccscee, 
Pourt, Harriet E.—See JAsPer, JosepPu J. 
Potya, J. B. Chemical education in Tas- 


Porter, Jermain D. Free hydrogen in 
hydrogen sulfide generated from fer- 


Powers, WeENDELL H. Winners of the 
Nobel prizes for chemistry, physics, and 
physiology and medicine............. 

PRANDTL, WitHELM. Chemical portraits 
on medals and plaques............... 


Renner, Geranp F., anp Morra C. Jonzs. 
Indexing technical literature at Alumin- 
ium Laboratories Limited............ 

Reyrerson, L. H. The place of colloids in 
the chemistry curriculum............. 

Reynarp, J. W. Industrial employment 
opportunities for chemists............ 

Reynotps, W. B. Emulsion polymeriza- 


Rickurn, S., ano H. C. Ecxstrom. In- 
dustrial chemistry at Brown Univer- 


Rieger, Emit R., Rosert C. Ostuorr, 
AND Donatp O, Friacu. Bredig sols: 
a lecture demonstration.............- 

RoNNEBERG, CoNRADE. Place the Arrhen- 
ius theory in proper perspective....... 

Ross, Metvyn K.—See Josepn, LIONEL 


Sanperson, R. T. Some thoughts on ori- 


po SARA Er re oi) hs eee 
Scuarrer, Kart. The Liebig Museum in 
AEE Re mR ee OER Le 
Justus von Liebig and today’s agricultural 
GMMINUIG 5 6d oo auc sos oscca ce enese case 
Scuerer, Georce A. A general chemistry 
experiment in radioactivity.........-- 


Models of a spiral periodic chart.......-- 
Scuvueter, F. W.—See Wana, S. C. 
Scuuter, Ropert H.—See Hamiuy, WIil- 

Liam H. 
Searcy, ALAN W.—See Brewer, Leo 
Srcoy, C. H.—See Boyrtez, J. W. 
Seirert, RatpH L. A rapid method for ad- 
justing grades to a standard scale... .-- 
SHauticross, Ruta E. An experiment in 
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the teaching of ics to 
a a ae a Per ely Soke, Le 
SHAREFKIN, JacoB G. Perspective in or- 
ganic chemistry instruction. . 
SHERESHEFSKY, J. L. The evatent a a 
course in colloid chemistry........... 
Simpson, CHARLESE. The technical assist- 
ant in the university laboratory...... 
StanauGH, W.H. Lecture demonstrations. 
1. Flotation; 2. Derivation of the 
equilibrium constant. . 
SmitH, GRANT W. An aid | in aie deitahiinies 
tion of titration graphs.............. 
Smith, JaMEs H. C. The relationship of 
plant pigments to photosynthesis... .. . 
Smita, Orro M., J. Austin Burrows, aND 
HERBERT THELAN. Advantages of the 
semimicro techniques for general chem- 





Srocxine, E. J. Recruitment of profes- 


sional chemists for the federal service... . 


Stone, Hosmer W. Transitions in the 
states of matter—a lecture demonstra- 


Sv, Mean-Tsenc—See Cuao, MIEN 

SuRYARAMAN, M. G., anp Arcot VISWANA- 
THAN. Preparation of nitric oxide: 
some laboratory methods............. 


Tare, Frep—See Dunuap, H. L. 

TayLorn, WeNDELL H. J. A. R. New- 
lands: A pioneerin atomic numbers. . . 

TuHeLAN, HERBERT—See Smita, Orro M. 

Tompxins, Epwarp R. Laboratory appli- 


222 


24 


316 


430 


188 


631 


594 


491 


cations of ion exchange techniques... . . 32, 92 


Tucker, S. Horwoop. Distillation bub- 
Tyr, Russetup—See Kraus, GERARD 
Tyree, S. Younea, Jr., AND SAMUEL B. 


Azrastves, The manufacture of. Joun A. 
Academic literature-science unit, The. 
Wiuiram F. Hewitt, JR.............. 
Accidents—See Safety 
Acetone from acetates, The formation of. 
Winnie: NOvens os 645.8 bisa bse 
Acid, Standardization of, with potassium 
iodate. PrTrer OESPER.............. 
Activation 
Neutron 
Laboratory exercises in nuclear chemis- 
try. Part II. Activation and detec- 
tion. Wini1am H. Hamiuu, RussEeLi 
R. Wriuurams, Jr., AND Ropert H. 


Adsorption, chromatographic—See Chroma- 
tography 

Adsorption, gas, An improved demonstra- 
tion experiment on. Forrest BLANn- 
KENSHIP AND PAUL DONALDSON....... 

Adsorption of gases by solids, A lecture ex- 
periment to demonstrate the. R. R. 
McLavuGuHuin AND D. Aziz............ 

Advantages of the semimicro techniques for 
general chemistry. Orro M. Smita, 
J. Austin Burrows, AND HERBERT 


Agricultural chemistry, Justus von Liebig 
and today’s. Karu SCHARRER.. 

Aid in the construction of titration ‘ereaiea: 
An. Grant W. SMiTH............... 


Alchemy 


Hinstemtieniae eo ee ES 


191 


275 


588 


310 


105 


325 


Knieut. The training of a chemist 
CNR ooo ts ee ea cos 307 


Urrrr, Jonn A. The manufacture of abra- 


Vaxxo, E.I. Revaluation of colloid chem- 

istry in the light of its recent develop- 

W855 aCe. etre hiven 21 
Van Ho.pg, K., anp Ropert A. ALBERTY. 

A high polymer experiment for physical 

CREST Ss a nt 151 
Van Kuooster, H.S. 125 years of chemis- 

try at Rensselaer Polytechnic Institute. 346 
VEIBEL, Stig. Johan Kjeldahl (1849-1900) 459 
Vernon, ArtHur A. Treatment of alu- 

minum for corrosion prevention....... 147 
VINEYARD, GeorGE H. The place of theory 

in scientific method.................. 383 
VISWANATHAN, ARGOT—See SURYARAMAN, 

M. G. 
Voip, Rosert D. Attitudes in the teach- 

ing of colloid chemistry.............. 18 
Vona, JoserpH A.—See MERKER, Puip C. 
Vouiiet, Witu1aM G.—See Joseru, LIONEL 


Waor, Franx B., anpD WatTer C. GEISLER. 
The cause of color in turquoise........ 436 
Waaener, Herman B. A laboratory experi- 
ment to illustrate deviation from ideal 
SERN, hic a tee bint a daecécctewase 278 
Wattace, W, J. L.—See Kina, K. C. 
Wana, 8S. C., anno F. W. Scuvueter. A 


simple ketene generator.............. 3238 
Weaver, EvpertC. Stageeffects........ 458 
Werner, S. Industrial qualitative analy- 

Ge stee sae Ndc et oh bb eee rececudes 318 

—anD Donatp JoHNnson. Gas effusion 

Si 5 SOR Fe ee eH 599 

SUBJECT INDEX 
Alkyl bromides, Laboratory preparation of 

normal. Lionet JosepH, MELVYN K. 

Ross, AND WiLu1AMG. VULLIET....... 329 
“Aluminon” 

Reagent for corrosion of aluminum.... . 267 
Aluminum cell 

Young America looks to aluminum..... 9 
Aluminum chloride 

(Chat Prieteny 68 Oe 3 
Aluminum, Demonstration reagent for cor- 

rosion of. Wrison L. ORR........... 267 
Aluminum, Treatment of, for corrosion 

prevention. ArtHuR A. VERNON..,.. 147 


American Chemical Society, Student activi- 

ties sponsored by the Detroit Section of 

the. Gerorce E. F. Brewer.. ... 456 
Amines, Separation of primary, eocomihiry, 

and tertiary, by chromatographic ad- 


sorption analysis. Nypta GoeETz- 

BU escort eee eb vena ta weir 271 
Analytical chemistry, Statistical methods 

in. JOHN MANDEL.. ives Cen 
Anti-lewisite, British. R. di ‘Purens.. evens 85 


Antiquities, Klaproth as a pioneer in the 
chemical investigation of. Earue R. 
CUM cede anc eere tess cee eae ee 242 

Apparatus—See also Lecture demonstrations; 
Laboratory exercises 


COMMIEIII So sen ts PUNO 481 
Diffusion in liquids... ...0. 0.006506. 489 
Distillation bubbler................. 546 
Distillation of binary liquid systems... 230 
Drying oven.. pe Dei we ad eee ha oe 
Fractional distillation. . pee atarteeee + ae 


Wueetock, CHarues E. A continuously 
weighable reflux apparatus........... 484 

WHEELOcK, CHARLES E. A reaction sam- 
RI NOUN cae ots a50 8 Sid wre cies aes 221 

Wiurams, Russevt R., Jxr.—See Hamu, 
WituraMm H. 

WiuuraMs, Water R. Chemistry in the 
four-year college of pharmacy curricu- 


Wend vacates ecdnt Scameennen ete 42 
Wittemart, ANTOINE. Charles Friedel 

CRONE eoaicy Cuca cc a adeae ae ace 3 
Witson, Ivan V. Coatingsforfabrics..... 601 
WIinvertica, Rupour. Eilhard Mitscher- 

TRE CRAB hc evs ccvcacch bem we 358 
Winstow, EvGene C. Vapor-phase re- 

GOR Pub ado ss wen orate ceredreeee 497 
WosctecHowsk!, Muireczystaw. A _ new 

laboratory still-head................. 132 
Woopsripce, Ricnarp G. Ultramarine— 

an inorganic preparation............. 552 


Wooprirr, Ray—See Gatngs, P. C. 

Wricat, GeorGce F. Small-scale experi- 
ments for the organic chemical labora- 
tory (Preparation and isomerization of 


levomenthanone)..............++ee+% 422 
—See Eastcort, Epna V. 

Wriatey, A. N., W. C. Mast, anv T. P. 
McCurcueon. A laminar form of the 
periodic table. 

WOM Bes oo 0 00.4 sikatce enone daeanines 216 
WOME BS oes sho a er Os eee meee eae 248 

Youna, EpmonnG. Are youguilty?...... 258 

Youna, Jay A.— See C. J. GRELECKI 

Youne,R.S. Diamond research.......... 509 

Separation of beryllium from iron by sol- 
COMiars <i < cavncen any wnercasuetel ced 357 

Yt, Huna-Ao, anp James B. Hickman. 
Liquid vapor equilibria in the system: 
nitromethane-trichloroethane......... 20 
Glas WWE soo ccce sce i isting stax 259 
Ketene generator. . bs we cece Se 
Industrial chemical ‘Ieherstery:. . 14, 462 
DO ova sc ccncecasedtadeous 92,310 
Lauritsen quartz-fiber electroscope.... 542 
MIGPOCIBMIAEOR 6 <0 iio basic lo F008 423 
Ont COURS. osc ccc eS MS 

Oscillating stirrer .............-; 666 
errr tr 597 
Non-leaking stopecock................ 319 
Polarimeter........... ee 273 
Reaction sampling device............ 221 
po Ee ee ee 484 
Table for cork borers and support 
Ses es ocean as WaKeake erat 488 
Test tube rack.. MoAb aaa eee 
Trap for steam distillation. Liviaeeeene 533 


Apparatus for fractional distillation under 
reduced pressure. JOHN B. Bowen... 186 

Apparatus for lecture demonstration of 
optical activity. Carnt R.Nouuer.... 271 

Apparatus for the study of diffusion in 
liquids, An. GeraRpD Kraus AND 


FRGWOMER Fis ihe6 6s ces He cehiee oes 489 
Apparatus salesman, Memories of an. 

TRRBOE COI e566 65 Sikes GSE 433 
Appointments, Graduate, in chemistry and 

chemical engineering........... 109, 168, 231 


Are you guilty? EpmonpG. Youna....... 258 
Arrangement of the extranuclear electrons, 
The periodic table and. Laurence 8S. 


PON 8595044625 6s 560d vec Pee es 283 
Arrhenius theory in proper perspective, 
Place the. Conrap E. Ronneserc... 400 
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Arsenite, The iodometric titration of, in 
alkaline solutions. R.K.McAurine.. 
Assistant, technical, in the university labo- 
ratory, The. CHarues E. Stmpson.... 
Atomic numbers, J. A. R. Newlands: 
pioneer in. Wernpe.tu H. Tayior.... 
Atomic structure—See also Periodic table 
Interpreting electronic structures 
Atomic weight from its combining weights, 
Determination of the exact. Ruts H. 
Evuts AND Epwarp R. LINNER 
Attitudes in the teaching of colloid chemis- 
try. Rosert D. VoLp 
Autocatalytic reaction, an—The decomposi- 
tion of silver oxide. Groran C. Hoop, 
Jr., AND Grorce W. Murpuy 
Automatic titration demonstration. 
S. DeLoacn, James L. Emanp, aNnD 
SOME TA. TEARUOR, 6 enn o.00:0'p's 8350000 
Automatic trap for laboratory steam dis- 
tillation. J. E. NicKeis 


B comrtex, The 

Baeyer, Adolf (P) 

Berthelot, Marcelin (P). 

Bergius, Friedrich (1884-1949). 
E. OrsPeR 

—See Frontispiece, October (P) 

Bergman, Torbern (P) 

Beryllium, Separation of, from iron, by 
solvents. R.S. YOUNG.............. 


RaLPrH 


Berzelius, J. J. 
(Mitscherlich, Eilhard) 


Bibliography of chemistry and chemical 
technology textbooks in the Spanish 
and Portuguese languages. WALLACE 


eR ND rk ccs ces dev eeitcnsls sce ees 
Biography 
Bergius, Friedrich 
NE Ne ee ree 
Butenandt, Adolf 
Friedel, Charles 
Hillebrand, W. F 
Klaproth, M. H 
Liebig, Justus von......... 
Liesegang, Raphael Eduard 
Meyer, Victor 
Mitscherlich, Eilhard 
Pietsch, Erich 
Prandtl, Wilhelm 
ET eT Tee yee ee 
Reichstein, Tadeus 
At Rensselaer Polytechnic Institute... 
Rienidcker, Ginther...............+:. 
PR UG 0s 0:00 K 0:60.05 Veer 
Blowpipe analysis, An historic kit for. 
Stpney M. EpeLsTEIN............... 
Booth, J. C. 
(Kit for blowpipe analysis)........... 


Bredig sols: a lecture demonstration. 
Emit R. Rieagat, Rosert C. Ostruorr, 
AND Dona.p O. Fiacn 

Brilliant discovery, A 

British anti-lewisite. R.A. Peters 

Brominations, The use of pyridinium bro- 
mide perbromide for. Pamir C. 
MERKER AND Josepa A. Vona 

Brown University (Chemical education in 
American institutions). A new pro- 
gram for teaching the fundamentals of 
chemistry in college. James S. CouEs, 
LEALLYN B. Cuapp, AND Ropert P. 


Industrial chemistry at Brown Univer- 
sity. S. Rickirn anp H. C. Ecxstrom 
Bubbler, _ Distillation. S. Horwoop 


Bureau of Agricultural and Industrial 
Chemistry, Opportunities for chemists 


362 


316 


491 


477 


in the. Lovis B. Howarp 
Butenandt, Adolf. Raups E. Orsper 
—See Frontispiece, February (P) 
Bylaws of the Division of Chemical Educa- 


Capmrium by sodium dithionite (Na2S20,), 
Qualitative separation of copper and. 
P. C. Gaines AND Ray Woopkrirr.... 

Cadmium ion from cupric ion, Qualitative 
separation of. Moss VERNON Davis 
AND Frep H. Heats 

Calculations, Liquid junction potential. 
Met GorMAN AND SIsteR Mary 
CuaRE MuRPHY 

Capillarity, Remarks on the theory of. 
J. BrkKERMAN 

Carbon 
Diamond research 

Carbon in photosynthesis, The path of. 
MELvIn CALVIN 

Carlsberg laboratory 
(Johan Kjeldahl) 

Carnauba palm (P) Frontispiece, 

Cause of color in turquoise, The. FRranx B. 
WADE AND WALTER C. GEISLER 

Cells with transference, Electromotive force 
of. T. J. Pariiips 

Chemical education in American institutions 
Brown University (A new program for 
teaching the fundamentals of chemis- 
try in, coll.ge). James S. Cougs, 
LEALLYN B. Eppie 

(Industrial chemistry at Brown Uni- 

versity) S. Ricxuin anp H. C. Ecx- 


Chemical engineering fundamentals. 
CHALMER G. KIRKBRIDE 

Chemical engineering laboratory, Visual 
apparatusin the. R.L. Huntrneton. 

Chemical portraits on medals and plaques. 
WiLHELM PRANDTL 

Chemist-teacher, The. RAYMOND 

Chemistry in early California. Henry M. 
LEICESTER 

Chemistry in the four-year college of phar- 
macy curriculum. Wattrer R. Wi1- 


Chemistry of flower color variation, The. 
T. A. GEIssMAN 
Chemistry of organo-metallic compounds, 
The. Cxarues A. Kraus 
Chromatography—See also Ion exchange 
Separation of amines 
(Photosynthesis) 
Cipher 
Dysonian 
Civil service 
Opportunities in the Bureau of Agricul- 
tural and Industrial Chemistry 
Recruitment for the federal service.... 
Classification 
Dysonian notation of organic com- 


Methods in quantitative chemical an- 


Punched cards for coding compounds. . 
Classification of methods in quantitative 

chemical analysis. Gorpon D. Pat- 

TERSON, JR., AND M. G. MELLON 
Coatings for fabrics. Ivan V. W1Lson 


Coding of inorganic and simple organic 
compounds, the use of punched cards 
for the. A. B. Amster, C. W. Becx- 
ETT, AND H. L. JOHNSTON 

Coins 
ANCIONE, ..ccccccccccccecvcccesceses 
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242 


Demonstration of Donnan equilibrium 269 


Ideal textbook of 
Implications in science courses........ 
In the chemistry curriculum 
Industrial requirements of courses in... 
Lecture demonstration 
Liesegang, Raphael Eduard 
Revaluation of, in the light of recent 
developments 

Symposium on the teaching of 
Teaching of 

Colloidal gardens from sodium metasilicate. 
V. R. DAMERELL AND H. Brock...... 

Colloids—See Colloid chemistry 

Combining weights, Determination of the 
exact atomic weight from. Rut H. 
ELuis AND Epwarp R. LINNER 

Committee on examinations and tests (Re- 
port). The 1947-1948 college chemi- 
stry testing program. K. C. Kine 
anD W. J. L. WALLACE 

Comparison of teaching methods, A. 
STANLEY AHMANN 

Conductivities of dilute and concentrated 
sulfuric acids, A demonstration of the. 
Bi POmTMR MILB. io isaiccaicteceaietcsy:. 

Configurations for sugars, Textbook. R. 
W. Fingout 

Content of a course in colloid chemistry, 
The. J. L. SHERESHEFSKY 

Continuous mercury still, A. H. Norman 
JeELINEK, C. F. Huser, anD MELVIN 


Continuously weighable reflux appavatus, 
A. CuHarues E. WHEELOCK 

Convertible periodic table, A. Frep Y. 
OURO. al doc eke knee seaspex. « 

Cooperative objective unit tests in organic 
chemistry 

Cooperative tests 
1947-1948 college chemistry testing 

program 

Unit tests in organic chemistry 

Cooperative undergraduate chemical re- 
search program, National. ETHALINE 
CorTELYOU 

Copper and cadmium by sodium dithionite 
(Na2S20,4), Qualitative separation of. 
P. C. Gatnes AND Ray Wooprirr 

Oork borers 
WRG IT ON ss ois x Fe ceeds PO Oe 

Correlation between the freshman testing 
program and first semester chemistry at 
San Diego State College. Cuiaupre 
Fett MERZBACHER 

Correlation of high-school and _ college 
chemistry courses. Dorotay W. 
GIFFORD 

Correspondence—See Letters to the editor 

Corrosion of aluminum, Demonstration 
reagent for. WuiLson L. Orr 

Corrosion prevention, Treatment of alu- 
minum for. ARTHUR A. VERNON 

Cortina prize (Italian award) 

Crookes tubes, Stand for. Frep Y. Her- 


Cryophorus 
, Lecture demonstration 
Cylinders, compressed gases 
Danger of 


D’Axcet, J. P. Joseph (P).........----55 
Debye-Hickel theory 
In teaching quantitative analysis 
And the Arrhenius theory........---- 
Debye-Hickel theory and its application in 
the teaching of quantitative analysis. 
BARNET NAIMAN.......0e0eeeee000%* 
Decomposition of silver oxide—an auto- 
catalytic reaction, The. Gxzorer C. 
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Hoop, Jr., AnD Gzoree W. Murpuy.. 169 

Demonstrating interfacial tension. LEON 
McCuLioce 

Demonstrating ionization potentials with 
mercury rectifiers and gas thyratrons. 
ALEXANDER P, Marion 

Demonstration of the conductivities of 
dilute and concentrated sulfuric acids. 
A. §. Porter MILLER 

Demonstration polarimeter, A. Howarp 
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Demonstration reagent for corrosion of 
aluminum. WuLson L. Orr 

Demonstrations—See Lecture demonstrations 

Determination of the exact atomic weight 
from its combining weights. Ruts H. 
ELLIS AND Epwarp R. LINNER 

Detroit Section of the American Chemical 
Society, Student activities sponsored 
by the. Grorce E. F. BrRewer...... 

Dialysis 
Use for sausage casing 

Diamond research. R.S. Youna.. 

Diffusion in liquids, An apparatus Pe the 
study of.. Gerarp Kravs anp Rvs- 


Distillation 
Apparatus for fractional 
Of miscible binary liquid systems 
Steam automatic trap 
Still-head 
Distillation | bubbler. 
Division of Chemical Education 
114th meeting, Portland, Oregon 


Donnan equilibrium, A lecture demonstra- 
tion of the. Harry P. Gregor 

Dry ice 
Experiment with 

Drying oven, Infrared. L. K. HENKE 

Dyes and dyeing, The story of. Corinne 
DECELLES 

Dysonian notation of organic compounds, 
Some applications of the. G. Mat- 
coLm Dyson 


Earty Pennsylvania paper making. 
BILLINGER 
Eaton, Amos 
At Rensselaer Polytechnic Institute... 
Economics, An experiment in the teaching 
of, to science graduates. Ruta E. 
SHALLCROSS 
Economics, chemical 
Mineral depletion and metal supply... 331 
Editor's basket, Out of the 387, 443, 615, 673 
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Balaniem, Taw GE O00. v5.65.60052 sd ches 
Best two out of three? The 

Blow Torch 

Bulletins 

Cathodic vacuum etching 
Constrasting rewards 

Dewar flasks, Stainless steel 
Education, Technical, in Korea....... 
Film strips 

Furnace. . 

Furnace, Muffie. . 


Paeahount, Barly history of 


, Measurement of. 388 





Registry of rare chemicals 
Rubber molecules, Modifying 
Rubber stoppers, In and out of....... 
Scintillation crystal.................. 
Semimicro quant 
Sines and cosines 
Solvents, Volatile 
Standard samples 
Support stands 
Teaching aids 
Thin slices 
Water vapor, Physics of 
Contributors 
WRN TOES ainicias driceieg'cs nwo wetind s 
Publamik Bi. Bicsciciesic ccc 
Gaddis, Shirley 
Gondes Gieg 2s sis esi cS eS 
Heeren, Martin H 
Merchant, Harold E................. 
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Partington, J. R.. 
Putnam, Ivan, i. 
Youden, W. J.. 674 
Editor’s Outlook (Editorials) .. sal 61, 
121, 181, 241, 293, 345, 397, 449, 507, 575, 627 
Education, Science in. G. Fowxes 
Effective teaching device, An. Derumar K. 
Effusion, Gas, experiment. S. Wain 
AND DonaLp JOHNSON 
Electrochemistry 
E.M.F. of cells with transference 
Liquid junction potentials 
Electrode potentials 
Cells with transference....... 
Electrolytes 
Debye-Hiickel theory in quantitative 
analysis 
Teaching the theory of 
Electromotive force—See Electrode potentials 
Electromotive force of cells with transfer- 
Ce ek) 
Electron arrangement 
ri ky A 
Electronic structures, Interpreting. J. A. 
CAMPBELL 
Electroscope, The Lauritsen quartz-fiber. 
Currrorp S. GARNER 
Emerald, The synthesis of rutileand. A. E. 
ALEXANDER 
Employment opportunities 
Bureau of Agricultural and Industrial 
oe ie rales so nue cues 
Federal service 
Industrial 
National Institutes of Health 
Naval research 
Teaching 
Emulsion polymerization. 
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Energy levels 
Electronic structures 

Entropy 
From vapor pressure data 

Equilibria, Liquid-vapor, in the system: 
nitromethane-trichloroethene. Huna- 
Ao Yt anv James B. HickMaNn 

Equilibrium constant 
Demonstration 

Equilibrium in heterogeneous systems of two 
or more components. Louis A. Dag. 

Equivalent weight—See Combining weights, 
Reacting weights 

Error distribution, A simple experiment on. 
S1errepD Peterson 

Error problems in the teaching of quantita- 
tive analysis, The value of. E. C. 


Ethylene chlorohydrin-cyclohexane, Phase 
relations of the system. Josep J. 
JASPER AND Harriet E. Pourt 

Ezxaminations—See Tests 

Eachange—See Ion exchange 

Exhibit case 

Experiment in the teaching of economics to 
science graduates. Ruts E. S#Hatt- 

Experiments, Lecture—See Lecture demon- 
strations 

Explosives 
po | ee Perey se Vee ee eA 


Fasrics, Coatingsfor. Ivan V. Winson... 
Faraday, Michael, on honors. Dernis Dvu- 


Federal service—See Civil service 
Ferrocyanide ion, A new reagent for detec- 
tion of. Mien CHao aND MEAN- 


Filtering small quantities of sludgy material, 
A method for. JosepH LANGEVIN 

Flotation 
Demonstration 

Flower color variation, The chemistry of. 
T. A. GerssMANn.. ; 

Formation of acetone en aetihen, “The. 
WiiiiaM K. Noyce 

France, Wesley G. (P) 

Free hydrogen in hydrogen sulfide generated 
from ferrous sulfide. JeRmMarn D. Por- 


Freshman testing program and first semester 
chemistry at San Diego State College, 
Correlation between the. CLAupE 
Fett MERZBACHER.. 

Friedel, Charles (1832- 1899). 
Willemart 


‘nie 


—WSee Frontispiece, January 
Friedel-Crafts reaction............0.00008: 
Frontispieces 

Bergius, Friedrich (Oct.) 
Butenandt, Adolf (Feb.) 
Friedel, Charles (Jan.) 
Kjeldahl, Johan (Sept.) 
Lavoisier, Antoine Laurent (June) 
Mitscherlich, Eilard (July) 
Natives Harvesting Leaves from a 
Carnauba Palm (April) 
Pietsch, Erich (May) 
Prandtl, Wilhelm (Aug.) 
Read, John (Mar.) 
Rienacker, Giinther (Dec.) 
Wurtz, C. A. (Nov.) 
Fusion analysis, a rapid method for identi- 
fication of organic compounds. NypIa 
Goertz-LutTHy 


Garpens, Colloidal, from sodium metasili- 
cate. R. DameERELL AND H. 

Gas effusion experiment. S. WEINER AND 
DonaLp JOHNSON 

Geissler, Heinrich (P) 

Gems 
Synthetic rutile and emerald 
“Titania” 

General chemistry experiment in radioactiv- 
ity, A. Grores A. SCHERER 

General chemistry, The value of the histori- 
cal approach in the teaching of. 
Ciara DE Mitt 

Giessen, The Liebig Museum in. 
ScHARRER 

Glass, ancient 
Klaproth’s investigation of antiquities. 

Glass blowing 
Glass blowing table 
Roller substitute 

Glycerin—man’s most versatile chemical 
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430, 541 
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servant. Mutton A. Lesser 
Gmelin handbook 
Compilation........... 
Gold 
In early California 
Grades, adjusting to a standard scale, A 
rapid method for. Rawupu L. Serrert. 
Graduate appointments in chemistry and 
chemical engineering 


Haser, Fritz (P) 

Halogen activities, Preparation and proper- 
ties of several. Wuiti1am H. HamI.u, 
Russe.tt R. WiiiiaMs, JR., AND 
Ropert H. SCHULER.............0:: 

Hardness in water—a demonstration. E. 
J. H. Brrcw 

Hazlehurst, Thomas Huger (Obituary).... 

Heat capacity 
From vapor pressure data.. 

Heterogeneous systems of two or more com- 
ponents, Equilibrium in. Louis A. 


experiment for physical 
VAN HoLpE AND 


High polymer 
chemistry, A. K. 
Rosert A. ALBERTY 

High school chemistry 
Color in turquoise 
Correlation with college chemistry 
Semimicro techniques. . P 

Hillebrand, W. F., and some ane ethene, 
VirGINIA BARTOW 

Historic kit for blowpipe analysis, An. 
Stpney M. EpELSTEIN..............++ 

History of chemistry—See also Biography 


In early California 

In teaching general chemistry. . 

Ovens and furnaces.......... 
Pennsylvania......... 

Paper making re 
Rensselaer Polytechnic Institute... ... 


Thermochemistry. . Peer 
Honors, Michael Faraday on. 
eee eae ee 
Hormones 
(Adolf Butenandt) 
How readable is your technical report? 
Dwiaeut E. Gray 
Hydrogen peroxide 
Reaction with potassium 
ganate 
Hydrogen sulfide generated from ferrous 
sulfide, Free hydrogenin. JeRMAIN D. 


DEnNIs 


perman- 


Hydrolysis of a doubly weak salt, pH and. 
Kurt E1sgsMANN 

Hydrolysis of nylon. 
Ricuarp C. Crort, 
Boorp 


Roy G. Bossert, 
AND Cecit E. 


Ipza gas laws, A laboratory experiment to 
illustrate deviation from. Herrman B. 


Identification of organic compounds, Fu- 
sion analysis, a rapid method for. 
Nyp1a Goretz-LutTuy 

Importance of the implications of colloid 
chemistry in science courses. ERNST 


Improved apparatus for the distillation of 
ag binary liquid systems, An. 
. F. Mrxvs.. as 
ein ed lienatedion. cmedeaik on 
gas adsorption, An. Forrest BLAn- 
KENSHIP AND PAuL DONALDSON...... 
Indexing 
By punched cards....... 
Technical literature 
Indexing technical literature at Aluminium 
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109, 168, 231 


105 


. 139, 163 
438 


Laboratories Limited. GrraLp 
RENNER AND Morra C. Jones 

Industrial chemistry at Brown University. 
8. Rickurn anp H. C. Ecxstrom 

Industrial employment opportunities for 
chemists. J. W. REYNARD 

Industrial qualitative analysis. S. WEINER 

Industrial requirements of courses in colloid 
chemistry. Hersert L. Davis 

Industrial Toxicology. FRANKLIN 
CuHuRCH 

Infrared drying oven. 

Inorganic chemistry 
Teaching of 

Inorganic preparation, An—Ultramarine. 
Ricuarp G. WoopBRIDGE 

Interfacial tension, Demonstrating. 
McCvuttocu 

Interpreting electronic structures. 
CAMPBELL 

Introduction of potassium dichromate as a 
volumetric reagent,Onthe. Earue R. 
CauLey AND Hanns K. ANDERS 

Iodometric titration of arsenite in alkaline 
solutions, The. R.K. McA.pine 

Ion exchange techniques, Laboratory ap- 
plications of. 

Ionic bond character, A monograph for 
percentage of. W.H. NEBERGALL AND 
W. A. LINDEKE 

Ionization—See Electrolytes 

Ionization potentials with mercury recti- 
fiers and gas thyratrons, Demonstrat- 
ing. ALEXANDER P. Marion 

Isoprenoid compounds in plants, Synthesis 
of. JAMES BONNER 


Junction, Liquid, potential calculations. 
Met GorMAN AND Sister Mary 
CLARE Murpuy 


Kexovté, P. A. (P) 

Ketene generator, A simple. 8S. C. Wane 
AttD TF . W BOMUBURE «0 o<6.6:s.0:56:< 09:08:35 

Kjeldahl, Johan (1849-1900). Stig VErBEL 


—WSee Frontispiece, September 
Klaproth as a pioneer ir the chemical in- 
vestigation of antiquities. EarLe R. 


Lazsoratory administration 
Assistants 
Student sections 
Laboratory applications of ion exchange 
techniques. Epwarp R. TomMPKINs.. 
Laboratory exercises 
Atomic and combining weights 
Brominations 
Decomposition of silver oxide 
Deviation from ideal gas laws 
Distillation of binary liquid systems... . 
Equilibria in the system: nitro- 
methane-trichloroethene........... 
Gas effusion. . bons 
High polymer comtenaié. 
Hydrolysis of nylon 
Inoftganic preparation (ultramarine)... 
Oxidation of para-nitrotoluene. . 
Phase relations of the system sedans 
chlorohydrin—cyclohexane 
Preparation and isomerization of levo- 
menthanone 
Preparation of nitric oxide 
Preparation of alkyl bromides 
Reacting weight of a metal........... 
Semimicro techniques................ 
Silver from a dime 
Standardization of sodium hydroxide. . 
Laboratory exercises in nuclear chemistry. 
Part I. General principles; Part II. 
Activation and detection. Part III. 
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Epwarp R. Tompkins. .32, 92 


.32, 92 


Preparation and properties of several 
halogen activities. Writu1am H. Ha- 
MILL, RusseLtt R. WILi1aAMs, JR., AND 
Rosert H. ScoutErR 
Laboratory experiment to illustrate devia- 
tion from ideal gas laws, A. HERMAN 


Laboratory note. Wuit.i1amM G. CHAcE 

Laboratory preparation of normal alkyl 
bromides. LionreL JosepH, MELVYN 
K. Ross, AnD Wiitu1aM G. VULLIET.... 

Laminar form of the periodic table, A. A. 
N. Wrieuey, W. C. Mast, anv T. P. 
McCurcuHeEon. 


Land camera, The polaroid—a new tool 
for education and research. Ernst A. 
HAUSER 

Lauritsen quartz-fiber electroscope, The. 
Cutrrorp 8S. GARNER 


Lecture demonstrations 

Adsorption of gases by solids 

Automatic titration 

Bredig sols 

Conductivities of dilute and concen- 
trated sulfuric acids 

Corrosion of aluminum 

Demonstration polarimeter. . 

Derivation of the equilibrium oumtinna: 

Donnan equilibrium 


Elementary organic chemistry........ 
Gas adsorption 
TERTOUONG TD WHEE 60.555 ee cows s 
Interfacial tension............ 
Ionization potentials 
TROBE GRUINUER sb cca s co ¥s 5 secede ues 
Ore flotation 
Photochemical reduction of thionine... 
Radioactivity 
Transitions in the states of matter 
Variation in reactivity 

Lecture demonstration in elementary or- 
ganic chemistry. C. R. NoLuer 


Lecture demonstration of ore flotation. 


Wiu1aM E. CatpwELuL 
Lecture demonstration of the Donnan 
Equilibrium, A. Harry P. Greaor.. 
Lecture demonstrations. W. H. Stwa- 


Lecture experiment to demonstrate the ad- 
sorption of gases by solids, A. R. R. 
McLavuau.in anv D. Aziz 

Letters to the Editor 

Levo-menthanone, Preparation and _ iso- 
merization of (Laboratory experi- 
ments). GrorGe F. Wricut 

Lewisite 
British anti-lewisite 

Liberal education 
Philosophy of teaching.............. 
Science in 

Liebig, Justus von, and today’s agricultural 
chemistry. Karu SCHARRER 

Liebig Museum in Giessen, The. Karu 
ScHARRER 

Liesegang, Raphael Eduard, 
Ernst A. HAUSER 


1869-1947. 


Lignin resins. Vira S. Ham, JR., AND 
GerorGe D. PALMER 

Liquid junction potential calculations. 
Met GorMAN AND S1steR Mary CLARE 


Liquid unknowns in quantitative analysis. 
GerorGE W. BENNETT 
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Liquid vapor equilibria in the system: 
nitromethane-trichloroethene. A labo- 
ratory experiment in physical chemis- 
try. Hune-Ao Yt anp James B. 
HisGmebacia ints. ee Se 

Literature, chemical 
Indexing 

Literature, Russian, in organic chemistry. 
Pau, W. HowERToN 


Maregraff, Andreas Sigismund (P) 

Marsh, Albert Leroy (P) 

Mass spectrograph, Model of a. JosE 
FERNANDEZ AND SAMUEL H. Lesow!Tz. 

Maximum use of the chemistry laboratory, 
The. Witsur G. Dunnine 

Mechanical quizmaster, A. Horace G. 


Medals and plaques, Chemical portraits on. 
WILHELM PRANDTL 
Memories of an apparatus 
Ernest CHILD 
Mercury 
In early California 
Mercury still, A continuous. H. Norman 
JeLINEK, C. F. Huser, AND MELVIN 


salesman. 


Metal, Reacting weight of a. 
BEAMISH AND Epna V. Eastcotr 

Metal supply, Mineral depletion and. 
Evan Just 

Method for filtering small quantities of 
sludgy material, A. JosmpH LANGEVIN 

Methods in quantitative chemical analysis, 
Classification of. Gorpon D. Patrer- 
SON, JR., AND M. G. MELLON......... 

Meyer, Victor, and the thiophene com- 
pounds. MarGaret Davis CAMERON. 

Mineral depletion and metal supply. Evan 


Minutes 
Of the Division of Chemical Educa- 


Mitscherlich, Eilhard (1794-1863). Ruvu- 
DOLF WINDERLICH 


—WSee Frontispiece, July 
Model of a mass spectrograph. JosEr 
FERNANDEZ AND Samuet H. Le- 
BOWITZ 
Models of a spiral periodic chart. 
A. SCHERER 
Modern wax technology. Husertr W. 
JENKINS AND HaRowp B. FRIEDMAN.... 
Motivation of students in the teaching of 
quantitative analysis, The. C. C. 
MELOCHE 
Museum, The Liebig, in Giessen. 
ScHARRER 


GEORGE 


Karu 


Nationa cooperative undergraduate chemi- 
cal research program. ETHALINE 
CorTELYoU 

National Institutes of Health, Opportunities 
for employment at the. Howarp W. 





Naval research, Pr 
of young scientists in. P. Borea- 
Neatness and efficiency at the glass-blowing 
table. J. W. Boyzte anp C. H. 


Neutron activation—See Activation, neutron 
New England Association of Chemistry 
Teachers: 
Articles 
Correlation of high-school and 
college chemistry courses. 
Dorotuy W. GirrorD 
Importance of the implications 





of colloid chemistry in 
courses. Ernst A. HAvsER.. 
Manufacture of abrasives, The. 


On the nature of chemical purity. 
Haroup G. Cassipy......... 
Periodic table and arrangement of 
the extranuclear electrons, 
The. Laurence 8S. Fostsr.. 
Some interesting facts about paper. 
Joun L. Parsons 
Vapor-phase research. Eugene C. 


Report of the annual meeting 


566 


676 


335 


283 


114 


Report of the NEACT, 50, 114, 174, 234, 
283, 335, 391, 444, 497, 566, 618, 676 


Eleventh summer conference 

New laboratory still-head, A. Musczy- 
SLAW WoJCIECHOWSKI 

New program for teaching the fundamentals 
of chemistry in college, A. James S. 
Cougs, LEALLYN B. Cuapp, AND Ros- 
ERT P. Eppie 

New reagent for detection of ferrocyanide 
ion, A. Mien Cuao AND MEAN- 


Newlands, J. A. R.: a pioneer in atomic 
numbers. WerEnpELL H. TAytor...... 

Nickel—highly useful element 

1947-1948 college chemistry testing pro- 
gram, The. K.C. Kine ann W. J. L. 
WALLACE 

Nitric oxide, Preparation of: some labora- 
tory methods. M. G. SurYARAMAN 
AND ArcoT VISWANATHAN 

Nitromethane-trichloroethene, Liquid vapor 
equilibria in the system: A laboratory 
experiment in physical chemistry. 
Huna-Ao Yt anp James B. Hickman. 

Nobel prizes for chemistry, physics, and 
physiology and medicine, Winners of 
the. Wernpe.i H. Powers 

Nomenclature 
Quantitative analysis 

Nomograph for percentage of ionic bond 
character, A. W. H. NEBERGALL AND 
W. A. LINDEKE 

Nonleaking stopcock. 

Nuclear chemistry 


Joun R. Lone..... 


132 


Laboratory exercises...........210,310, 667 


Nylon, Hydrolysis of. Roy G. Bossrrt, 
Ricwarp C. Crort, anv Cecit E. 


Hazlehurst, Thomas Huger 
On the nature of chemical purity. Harotp 
G. Cassipy 
125 years of 
Polytechnic Institute. 
KLoosTER 
Opportunities for chemists in the Bureau 
of Agricultural and Industrial Chemis- 
try. Louris B. Howarp 
Opportunities for employment at the Na- 
tional Institutes of Health. Howarp 





H. 8S. Van 


Optical activity, Apparatus for lecture dem- 
onstration of. Cart R. Nouier 

Organic chemistry, elementary, Lecture dem- 
onstrationsin. C.R.Nouuer 

Organic chemistry instruction, Perspectives 
in. Jacos G. SHAREFKIN 

Organic chemistry, Russian literature in. 
Pau, W. HowERTON 

Organo-metallic compounds, The chemis- 
try of. CHaArues A. Kraus 

Originality, Some thoughts on. R. T.San- 

Osmosis 
Use for sausage casing 

Outline of a colloid chemistry course, An. 
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45 
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Pew Mises. ci. ate Adin 


Pant, Mix, by sound................... 

Paper 
Some interesting facts about 

Paper making, Early Pennsylvania. 
BILLINGER 

Para-nitrotoluene, Oxidation of (Laboratory 
experiments). Epna V. Eastcott anpD 
Grorce F. Wricut 

Pasteur, Louis (P) 

Path of carbon in photosynthesis, The. 
Me tvin CALVIN 

Pennsylvania paper making, Early, R. D. 
BILLINGER 

Periodic chart, Models of a spiral. 
A. SCHERER 

Periodic table—See also Periodic chart 
Arrangement of electrons 
Convertible 
Laminar form 
Newlands, J. A. R........... 

Perspectives in organic chemistry instruc- 
tion. Jacos G. SHAREFKIN 

Pettenkofer, Max von (P) 

pH and hydrolysis of a doubly weak salt. 
Kurt E1sMANN 

Pharmacy curriculum, Chemistry in the 
four-year college of. Watrer R. 
WILLIAMS 

Phase relations of the system ethylene 
chlorohydrin-cyclohexane. JosepH J. 
JASPER AND Harriet E. Pourr 

Phase rule 
Equilibrium in heterogeneous systems. . 

Philosophy of teaching, A. Jor. H. Hit- 


GEORGE 


Photochemical reduction of thionine, The. 
LAawRENcE J. Herr 

Photosynthesis, The path of carbon in. 
MELVIN CALVIN 

Photosynthesis, The relationship of plant 
pigments to. James H.C. Smita 

Pietsch, Erich. Rautpu E. OrsPer 

(P) Frontispiece, May 

Pigments, plant, The relationship of to 
photosynthesis. James H. C. Smiru.. 

Place of colloids in the chemistry curricu- 
lum, The. L. H. Reyerson 

Place of theory in scientific method, The. 
GrorGeE H. VINEYARD 

Place the Arrhenius theory in proper per- 
spective. Conrap E. RONNEBERG.... 

Plant synthesis, Symposi 

Plants, Synthesis of isoprenoid compounds 
in. James BONNER 

Plastics 
Fabric coatings 
TAMA TOMR oa. o) 055s gale one ce tere va 

Polarimeter 7 
For lecture demonstration 

Polaroid land camera—a new tool for educa- 
tion and research, The. Ernst A. 
HAvsER 

Polymerization, Emulsion. 





Experiment for physical chemistry 

Portraits, Chemical, on medals and plaques. 
WILHELM PRANDTL 

Potassium dichromate as a volumetric re- 
agent, On the introduction of. EARLE 
R. CaLtey AND Hanns K. ANDERS 

Pot i per 9g t 
Reaction with hydrogen peroxide 

Potential calculations, Liquid junction. 
Met Gorman AND Sister Mary 
CuarEe Murpuy 

Prandtl, Wilhelm. Raupu E. Orsrer 

(P) Frontispiece, August 

Preparation of nitric oxide: some labora- 

tory methods. M. G. SuryARAMAN 
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696 


AND Arcot VISWANATHAN 
Preparations 

Inorganic 

Ultramarine 
Organic 
Alkyl bromides 

Presentation of acids and bases in text- 

books, The. THomasS. Loaan....... 
Professional development of young 

scientists in naval research. P. Bora- 

78 

Punched cards 

And the Dysonian notation 294 

For coding compounds 304 

Report indexing 139 
Punched card system for chemical literature, 

A. K. A. Kriecer 163 
Purity, chemical, On the nature 

Haro.tp G. Cassipy 335 
Pyridinium bromide perbromide for bro- 

minations, The use of. Pamir C. 

MberRKER AND Josepu A. VONA 


Quvauitative analysis 
Detection of ferrocyanide 
Industrial 
Separation of cadmium and copper. .166, 277 
Qualitative separation of cadmium ion from 
cupric ion. Moss Vernon Davis 
AND Frep H. Heatu 277 
Qualitative separation of copper and cad- 
mium by sodium dithionite (Na2S20x). 
P. C. Gangs AND Ray Wooprirr 
Qual-rack. Frep L. ADELSON 
Quantitative analysis 
Classification of methods 
Liquid unknowns 
Potassium permanganate and hydro- 
gen peroxide 
Separation of beryllium from iron 
Standardization of acid 
Student results 
Teaching 
Debye-Hiickel theory.............. 
Motivation of students 
Value of error problems............ 
Titration of arsenite 
Quizmaster, A mechanical. 
DEMING 


Horace G. 


Raptoacriviry, A general chemistry experi- 
mentin. Grorap A. ScHERER 111 
Radiochemistry—See also Radioactivity 
Electroscope 542 
Laboratory exercises in nuclear chemis- 
210, 310, 667 
Rapid method for adjusting grades to a 
standard scale, A. Raupn L. Set- 
381 
Rare elements in freshman chemistry, The. 
S1crrep PETERSON 
Reacting weight ofa metal. F, E. BeamisH 
AND Epna V. EastcottT 476 
Reaction between potassium permanganate 
and hydrogen peroxide, The. Max I. 
103 
Reaction sampling device, A. CHARLES E. 
WHEELOCK 221 
Reactivity, Variation in—a demonstration. 
Dovaetas M. Bowen 
Read, John. RaupH E. Ogsper........... 172 
(Italian award) 
Frontispiece, March 
Reagent, A new, for detection of ferrocy- 
anide ion. Mren Caao AND MBpan- 
266 
Recovery of silverfrom a dime, The. A labo- 
ratory experiment in general chemis- 
try. Harry B. Feupman........... 225 
Recruitment of professional chemists for 
the federal service. E.J.Srocxina... 66 
Reichstein, Tadeus. RatpH E.Ogsper.... 529 


Relationship of plant pigments to photo- 
synthesis, The. James H.C.Smira... 

Remarks on the theory of capillarity. J. 
J. BrIKERMAN 

Rensselaer Polytechnic Institute, 125 years 
of chemistry at. H. 8S. Van Ktoos- 


Report—See New England Association of 
Chemistry Teachers 

Report, How readable is your technical? 
Dwiaeut E. Gray 

Report indexing by punched cards. Gr1- 
BERT L. PeAKES 

Revaluation of colloid chemistry in the light 
of its recent developments. E. I. 


Rienicker, Ginther. Raupu E. Orsper... 
(P) Frontispiece, December 
Ruska, Julius. W. GANzENMULLER 
Russian literature in organic chemistry. 
Paut W. HowrertTon 
Rutile and emerald, The synthesis of. 
E. ALEXANDER 


Sareury 
Education 
Explosives 
Gas cylinders 

Sampling device, 
E. WHEELOCK 

San Diego State College, Correlation be- 
tween the freshman testing program 
and first semester chemistry at. 
CuiaupE Frevtt MERZBACHER 

Sausage casing, synthetic, Uses for. 


A reaction. CHARLES 


Science in education. G. Fowes....... re 

Scientific method, The place of theory in. 
George H. VineyarpD 

Semimicro techniques for general chemistry, 
Advantages of the. Orro M. Sirs, 
J. Austin Burrows, AND HERBERT 
THELAN 

Semimicro techniques for high schools. 
Foster H. Horr anv Atrrep §8. 


vents. 

Separation of primary, secondary, and ter- 
tiary amines by chromatographic ad- 
sorption analysis. Nyp1a Goertz- 


Separation, The qualitative, of cadmium ion 
from cupricion. Moss Vernon Davis 
AND Frep H. Heatu 

Silver from a dime, The recovery of. 
laboratory experiment in general chem- 
istry. Harry B. FeupMan 

Silver oxide, The decomposition of—an 
autocatalytic reaction. Grorer C. 
Hoop, Jr., AnD Georce W. Mourpxry.. 

Simple experiment on error distribution, A. 
Sierrep PeTeRsoNn 

Simple ketene generator, A. 8S. C. Wane 
AND F. W. Scovure.ter 

Simple oscillating stirrer, A. C.J. Gre- 
LEecKI, and Jay A. YOUNG........... 

Sludgy material, A method for filtering small 
quantities of. JosspH LANGEVIN 

Small-scale experiments for the organic 
chemical laboratory. (Oxidation of 
para-nitrotoluene. Epna V. East- 
coTt AND GrorGE F. Wrigut ave 

Small-scale experiments for the organic 
chemical laboratory (Preparation and 
isomerization of levo-menthanone). 
GerorGe F. Wricat 

Sodium dithionite (NasS204), Qualitative 
separation of copper and cadmium by. 
P. C. Gatnes anp Ray Wooprirr 
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Sodium hydroxide solution, The standardi- 
zation of. A laboratory experiment in 
general chemistry. Puiip R. Feu- 
GARD os sie Chk Soe een tas 

Sodium metasilicate, Colloidal gardens 
from. V. R. Damerett anv H. 


Solutions, Theory of—See Electrolytes 

Some applications of the Dysonian notation 
of organic compounds. G. MaAt- 
coLM Dyson...... Psy era anes Fe ee 

Some features of zirconium chemistry. 
Warren B. BLUMENTHAL 

Some interesting facts about paper. Joun 
L. PaRsons....... weccblcemeRhemehss 

Some notes on the history of thermochemis- 
try. Gerorce S. Parks...... nearer rea 

Some peculiar teaching problems, Wit- 
LIAM G. KESSEL......... tear tee 

Some thoughts on originality. R. T. San- 


Stage effects. Ex:sert C. WEAVER 

Stand for Crookes tubes. Frep Y. Her- 
MOR 6 iicccdisuidsoscscscde oedema. 

Standardization of acid with potassium io- 
date. Prrrer OrsPER 

Standardization of sodium hydroxide solu- 
tion, The. A laboratory experiment 
in general chemistry. Pump R. 
FEHLANDT 

States of matter, Transitions in the—a lec- 
ture demonstration. Hosmer W. 


Statistical methods in analytical chemistry. 
JoHN MANDEL 

Still, A continuous mercury. H. Norman 
JeLINEK, C. F. Huser, anp MELVIN 
J. ASTLE... : 

Still-head, A newlaboratory. Mu1reczystaw 
WosctecHowskI 

Stirrer, A simple oscillating. 
LEcKI and Jay A. Younae 

Stopcock, Nonleaking. JoHn R. Lona 

Story of dyes and dyeing, The. Corinne 
Decrees 

Student activities sponsored by the Detroit 
Section of the American Chemical 
Society. Grorce E. F. Brewer..... 

Student fashion—yesterday as 
Raupu E. Orsrer 


C. J. Gre- 


Sugars, Textbook configurations for. 
W. Finholt 

Supersonics 
Mixing paint 

Supplementing the chemical curriculum 
with safety education. H. H. Faw- 
PE Ee CEPA RO eS a 

Surface tension 
Tea ad si ios 5 5 eee eea oes. 
Theory of capillarity 

Surplus, War: a boon to college science de- 
partments. Atien L. HANSON 

Symposia 
Employment opportunities for chem- 

ie cies.’ Sur sisleceediah s «aaeeceNers » 

Organic chemistry of plant synthesis. . . 
Teaching colloid chemistry 

Synthesis of isoprenoid compounds in plants. 
James BoNNER 

Synthesis of rutile and emerald, The. 
ALEXANDER......... ee a eae 


Taste for processing corks and storing sup- 
port stands. H.L. Dunuap anp FRED 


Table, Periodic—See Periodic chart 
Tasmania, Chemical education in. 
Potya 
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Colloid chemistry (a eruanaliin’ 
Comparison of methods 
Historical approach 
Organic chemistry...... éheteeap tidy 
Philiosophy of 
Problems. . 
Program for 
Quantitative analysis 
Teaching techni See also Ti 
Ecc ics for sci graduates 
Exhibit case 
Rare elements in freshman chemistry. . 
Technical assistant in the university labora- 
tory, The. CHaruss E. Simpson 
Technical report, How readable is your? 
Dwight E. Gray 
Television 
(Liesegang, Raphael Eduard)......... 
Test tube rack 
Testing 
Correlation study 
1947-1948 college program 
Tests—See also Cooperative tests 
Mechanical quizmaster 
Unit tests in organic chemistry 
Textbook configurations for sugars. R. 








Textbook of colloid chemistry, in emtia: 
tionofanideal. RosertB.Dean.... 
Textbooks 
Acids and bases 
In colloid chemistry 
Spanish and Portuguese 
Textiles 
Conisccccdss sc caeey sun gasnsees 
Thermochemistry, Some notes on the his- 
tory of. GroreeS. Parks 
Thermodynamics 
Equilibrium vapor pressure data 
History of 
Thionine, The photochemical reduction of. 
LAWRENCE J. Hetpt 
Thiophene compounds, Victor Meyer and 


Titles 


Aczrytene and related compounds, The 
chemistry of, Ernst Davin Berra- 
MANN... 

Advances in biological and medical physics, 
Vol. I. Joun H. LAwRENCE AND 
Josppa G. Hamitton, Editors 

Alchemist in life, literature and art, The. 
Joun READ 

Alkaloids, The plant. Fourth edition. 
THomas ANDERSON HenRY 

Alkylation of alkanes, Vol. I: patents on 
alkylation of alkanes. Gustav EaLorr 
AND Grorer HuLLa 

Alloys, Modern metallurgy of. R. H. Har- 
RINGTON 

Annual review of biochemistry. J. Murray 
Luck, Editor. H. 8. Lorine anp G. 
MackINNEY, Associate Editors 

Aquametry. Application of the Karl 
Fischer reagent to quantitative analysis 
involving water. Vol. V. JoHN 
MrirTcHELL, Jz., AND Donatp MILTON 


Biocaremrcan preparations, Vol. I. Hzr- 
BERT E. Carter, Editor.... 


er 


28 


574 


the. Maraaret Davis CAMERON.... 


Titanium 


Titration graphs, An aid in the construction 
of. Grant W. Smit 
Toxicology, Industrial. FRANKLIN 


Training of a chemist (inorganic), The. 
S. Youne Tyrer, Jr., anp SAMUEL 


Transitions in the states of matter—a lec- 
ture demonstration. Hosmer W. 


Trap, Automatic, for ee steam dis- 
tillation. J. E. NickeE.s.. 

Treatment of aluminum for corrosion pre- 
vention. ArTuur A. VERNON 

Trommsdorff, Johann Bartholomius (P)... 

Turquoise, The cause of colorin. FRANK 
B. WapDE AND WALTER C. GEISLER... . 


Utrramarimne—an inorganic preparation. 
Ricuarp G. WooDBRIDGE............ 

Ultrasonics—See Supersonics 

Unit tests in organic chemistry 
Cooperative, objective 

Unknowns, Liquid, in quantitative analy- 
sis. GrorGE W. BenneTT 

Use of punched cards for the coding of in- 
organic and simple organic compounds, 
The. A. B. Amster, C. W. Beckett, 
anv H. L. Jounston 

Use of pyridinium bromide perbromide for 
brominations, The. Pxitrp C. Mer- 
KER AND JosEepH A. VoNA 

Uses for synthetic sausage casing. 


Utilization of equilibrium vapor pressure 
data. Leo Brewer AND ALAN W. 
SEARCY 


Vaience 
Subcompounds 
Value of error problems in the teaching of 


BOOKS REVIEWED 


Biochemistry, Annual review of. J. Mur- 
ray Luck, Editor. H. 8. Lorine anp 
G. MAcKINNEY, Associate Editors..... 

Biografias y descubrimientos quimicos. 
L. Buas. M. Aquiiar, Editor 

Bjerrum, Niels—selected papers. 
AND CO-WORKERS, Editors 


FRIENDS 


Catcunations of quantitative analysis. 
Pitre W. West 

Carbohydrates, An introduction to the 
chemistry of. JoHn HonEYMAN.. ‘ 

Catalytic, photochemical and elavteniotte 
reactions, Techniq of organic chem- 
istry, Vol. II. ARNOLD WEISSBERGER, 





Cellulose fibers, Physics and chemistry of. 
P. H. Hermans 

Chemical and_ technical 
James KANEGIS 

Chemical arts of Old China, 
Cn’I1A0-P’ ING 

Chemical calculations. Fifth edition. 
J. 8. Lona anp H. V. ANDERSON 

Chemical constitution of natural fats, The. 
Second edition. T. F. Hiiprricn..... 

Chemical products, The marketing of. 


stenography. 


The. 


188 


309 


291 
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quantitative analysis, The. 
Value of the historical approach in the teach- 
ing of general chemistry, The. Ciara 


Vapor pressure data, Utilization of equilib- 
rium. Leo Brewer aNnp ALAN W. 
SEARCY 

Variation in reactivity—a demonstration. 
Dovetas M. BoweEn................ 

Viscosity 
High polymer experiment 

Visual apparatus in the chemical engineering 
laboratory. R,. L. Huntineron 

Vitamins 
B complex 

Volumetric reagent, On the introduction of 
potassiumdichromate as a. Ear.e R. 
Ca.ey anp Hanns K. ANDERS 


Wak surplus: a boon to college science de- 
partments. ALLEN L. HANson 

Water, Hardness in,—a demonstration. 
E. J. H. Brrcw 

Wax technology, Modern. Husert W. 
JENKINS AND Harotp B. FRIEpMAN.. 

What an introductory course and textbook 
on colloid chemistry should offer. 
Ernst A. Hauser 

Willstatter, Richard (P) 

Winners of the Nobel prizes for chemistry, 
physics, and physiology and medicine. 
WeEnDELL H. Powers 

Wohler, Friedrich (P) 

Wood 
Lignin resins 

Wurtz, C. A. (P) Fasetianiote, 

Wurtz reaction, The. Harry W. Davis, 
W. R. GitKerson, anv H. H. Her- 
NANDEZ 


Zirconium chemistry, Some features of. 
Warren B. BLUMENTHAL............ 


Rosert 8. ARIES AND WILLIAM 

CopuLsky 

Chemical technology of dyeing and print- 
ing, The: vat, sulfur, indigosol, azo 
and chrome dyestuffs and their aux- 
iliaries. Second edition. Lours Dismr- 
Ens. Translated by PéoL WrENGRAF 
AnD Herman P. BauMANN 

Chemistry and physiology of growth, The. 
Artuur K. Parpart, Editor 

Chemistry and technology of enzymes, 
The. Henry TAUBER 

Chemistry and uses of insecticides. 


Chemistry for the new age. Rospert H. 
CARLETON AND Fioyp F. CARPENTER. 

Chemistry in action. Grorar M. Raw.ins 
anv ALDEN H. Srrusie 

Chemistry of acetylene and related com- 
pounds, The. Ernst Davip Berrea- 

Chemistry of free radicals, The. Second 

edition. 


Chemistry of i 
herbicides. 
E. H. Frear 





Second edition. Donatp 
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59 
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Chemistry of specific, selective and sensitive 
reactions. Fritz Frere. 

Clinical laboratory methods, Manual of. 
Fourth edition. Opa E. Hepuer.... 

Cobalt. Roxianp 8. Youne 

Colloid chemistry of the silicate minerals, 
The. Vol. I. C. Epmunp MARSHALL. 

Colloids, lyophobic, The theory of the 
stability of. E. J. Verwny anv J. Tu. 
G. OveRBEEK, in collaboration with K. 
Van NEss 

Colour, Physical aspects of. 

Concise history of mathematics, A. 
Iand II. Drrx J. Strurk 

Crystal structures, Section I. 
G. Wyckorr 

Crystalline enzymes. Joun H. Norturop, 
Moses Kunitz, AND Rocer M. HeEr- 


P. J. Bouma. 
Vols. 


Raupx W. 


Darwin: before and after. Rosert E. D. 
Dielectrics, Theory of. H. FrOu.IicH.... 
Direct entry to organic chemistry, A. JoHN 

Reap. (B. Iror Evans, General 


Distillation and rectification. Emi Kirscu- 
BauM. Translated by M. Wu.tFine- 


Distillation, Short history of the art of. 
R. J. Forses 

Dyeing and printing, The chemical tech- 
nology of: vat, sulfur, indigosol, azo 
and chrome dyestuffs and their aux- 
iliaries. Second edition. Louis Di- 
SERENS. T'ranslated by PAUL WENGRAF 
AND HERMAN P. BAUMANN........... 


Earty work of Willard Gibbs in applied 
mechanics, The. LynpDE PHELPS 
Wueecer, Everett OyLeR WATERS, 
AND SamMvuEL Wiuu1am Dup.ey, As- 
semblers 

Education, Film and: a symposium on the 
role of the film in the field of education. 
Goprrey M. E.uiort, Editor-in-chief. 

Elastomers and plastomers: their chemis- 
try, physics and technology, Vol. III. 
R. Houwink, Editor 

Electrolytic reactions, Catalytic, photo- 
chemical and, Technique of organic 
chemistry, Vol. II. ARNoLtp WEIss- 
BERGER, Editor 

Electronic theory of organic chemistry, 
The. M.J.S. Dewar 

Electronics, Techniques in experimental. 
C. H. BacuMan 

Elsevier’s encyclopedia of organic chemis- 
try. Vol. 12A, bicyclic compounds 
(except naphthalene). Series III, 
carboisocyclic condensed compounds. 
E. JosepHy (DECEASED) AND F, Rapt, 

Encyclopedia, Elsevier’s—See Elsevier's 
Encyclopedia 

Encyclopedia of chemical technology. 
Raymonp E. Kirk anp Donatp F. 
Orumer, Editors; Janet D. Scorr 
AND ANTHONY STANDEN, Assistant 
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“T'sacuers are born and not made!” We have heard 
this often enough, but in our profession we should have 
been warned against believing everything we hear. 
There is something to be said for this point of view, but 
after all, even an unsightly old stump can be made into 
a beautiful table, with imagination, the proper tools 
and skill, and the will to do it. 

Much of the discussion of the relative merits and 
necessity of teaching versus research overlooks the fact 
that it is often possible to eat your cake and have it, too. 
There has, on the one hand, been sufficient argument 
that even the teacher in the small college should be 
qualified—and encouraged—to carry on some sort of 
independent investigation, to maintain his own pro- 
fessional confidence, self-respect, and morale, if for no 
other reason. On the other hand, there may indeed be 
some who, for urgent administrative reasons or because 
of strong personal preference, should devote their en- 
tire time to research. Probably these should be as- 
signed to the “research institutes,” with which so many 
of our larger institutions are now being adorned. 

Short of this extreme, however, there is a vast host, 
especially of young men, who have been admonished 
that their advancement depends upon their “produc- 
tivity” but who find themselves saddled—rather against 
their will—with teaching assignments which they do 
not know how to fulfill with pleasure, effectiveness, and 
general all-around satisfaction. Many of these con- 
scientiously want to do a good teaching job but don’t 
know how to go about it. For these, a recent article 
by Thomas Francis Maher! contains some practical 
suggestions. 

The author says: 


“T will offer in all humility, and 
with not a single individual in mind, some few points 
the observance of which has made teachers out of men 
far less qualified, intellectually, than the poorest of 
scholars. These points may be classified in two groups: 


1 Mauer, T. F., “Gilt for the Lily,” Bull. Amer. Assn. Univ. 
Prof., 34, 382 (Summer 1948). ? 





(1) Attributes of the effective teacher—positive factors; 
and (2) obstacles to effective teaching—negative 
factors.” The effective attributes he lists as: 

Vitality. ‘He must so show enthusiasm for his sub- 
ject that those who look to him cannot help being 
affected by his spirit.... Education is salesmanship to 
willing customers.” 

Clarity. ‘There is very little in the catalogue of 
human knowledge, no matter how abstract it may be, 
that cannot be clarified by illustration, analogy, or 
specific application. 

“Tied up with the notion of Clarity is the further 
concept of Sequence.... It is hard to make this point 
clear except to ask a rhetorical question—Is there ever 
anyone in our class who fails to see the connection be- 
tween what you have just said and what was said two 
minutes ago?” 

Visual Instruction. The conscious use of blackboard, 
slides, charts, models, and actual lecture-table demon- 
strations not only presents factual material, but more- 
over: “It is the effect on the class that matters; that 
subconscious question in each mind: ‘How do you 
suppose he will illustrate that point?’ or ‘What will he 
do next?’ or, to be slightly ridiculous, ‘Where did he 
ever learn to draw such diagrams on a blackboard?’ ” 

Provocation. “Has anything said in the past hour 
made it an hour worth living?” Students should not 
leave a classroom saying: ‘So what?” * 

Questioning. “The proper use of questioning can be 
a teacher’s most effective technique.” 

Assurance. ‘Unless the college authorities were 
wrong at the outset, and this is seldom the case, an 
instructor was engaged on the basis of his learning and 
scholarship in his chosen field. So when he steps before 
his class it has every reason to, and does, believe that 
he is the master of the room.... Intellectual respect 
must be commanded at all costs, even in retreat; not 
in the arrogance of a demagogue but in the humility of a 
scholar.” 


Teaching Environment. The stage is generally al- 





ready set, so far as equipment, seats, blackboards, and 
other surroundings are concerned. But such important 
factors as ventilation, lighting, noise, etc., are controll- 
able by the teacher. 

The Personal Touch. ‘‘When a class is recognized as a 
group of living, breathing persons and not as an im- 


personal audience, we can expect things to happen . 


intellectually. ... To know each member of the class 
is to meet each one’s particular intellectual and emo- 
tional needs.” 

Some of the obstacles to effective teaching are: 

Appearance. “The human mind is so geared that it 
accepts one thing at a time. It is the teacher’s obliga- 
tion to his pupil that this one thing be what he says, 
without distraction by his appearance.” 
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Vocal Expression. ‘Some individuals are endowed 
with good speaking voices, but most people must cul- 
tivate theirs if they are to develop skill as lecturers, 
In this matter there are several aspects that must be 
considered: quality, volume, speed, pause, and enun- 
ciation.” 

Mannerisms. ‘The class can be interested in but 
one thing at one time, and that cannot be a side attrac- 
tion.” 

Arrogance. “It is most unfortunate that there are 
instructors who consider it an affront to their person 
that they have been questioned, or not understood, or 
have discovered an inadequate mind in their midst. 
Learning is not a contest of wits to be played with slurs 
and snide remarks.” 


DIVISION OF CHEMICAL EDUCATION 


MINUTES OF THE BUSINESS MEETING 


Masonic Temple 
September 14, 1948, 11:15 A.M. 

HE annual meeting of the Division was held in Port- 
land, Oregon, at 11:15 a.m. on Tuesday, September 14, 
1948. The only business that came before it was the 
presentation of the Treasurer’s Report and the election 
of the following officers : 


Chairman: Douglas G. Nicholson 
Vice-Chairman: Otis C. Dermer 
Executive Committee M ember-at-Large: 
Cosiestions: ; ohn A. Timm (2 years) 

* | Paul H. Fall (1 year) 
G. Ross Robertson (2 years) 
| Rufus D. Reed (1 year) 


J. Sam Guy 


Alternate Councilors: f 


Secretary and Treasurer continue in office. 
Norris W. Rakestraw, Secretary pro tem 


OF THE AMERICAN CHEMICAL SOCIETY 
114th Meeting, Portland, Oregon 


REPORT OF THE TREASURER, SEPTEMBER 1, 1948 


Receipts: 


Balance September 1, 1947 

Dues 284 members. . Spr aes Wicy 4 sedetety Lae 

Dues paid in advance. . 

Interest on U. 8. Bonds 

From Chemical Education Publishing Company. . . 
Total Receipts 

Expenditures: 

Chairman’s office 

Secretary’s office 

Treasurer’s office 


$7,968 .93 
283 .93 


Mack Printing Company 
Miscellaneous 
Total Expenditures 
Balance on hand 

Assets are distributed as follows: 

Checking Account, “Division of Chemical Educa- 
tion,” Prince Georges Bank and Trust Company 
Hyattsville, Maryland 

Savings Account, same as above 

Fourteen ve 8. Savings Bonds, Series G 


$12,587. 49 


$794.00 
493.33 
11,300.00 
$12,587.42 
Cuaries E. Wuite, Treasurer 
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CHARLES FRIEDEL (1832-1899) 


LIFE 


Charles Friedel was born at Strasbourg on March 12, 
1832. His mother was the daughter of the well-known 
zoologist, Georges Duvernoy, then professor at the 
Museum d’Histoire Naturelle in Paris. Friedel’s father, 
a banker, had an active, well-trained mind, and he was 
vividly interested in the rapid growth of science at the 
beginning of the 19th century. He followed assiduously 
the courses of popular lectures on chemistry that had 
been organized by the city authorities, and in fact he 
received a prize in 1826. This interest on the part-of the 
father may have been, along with other reasons, the 
basis of the strong attraction that experimental sciences 
exercised on Charles Friedel. 

At school, the boy showed that he had a keen mind; 
he was a serious student with good general aptitudes. 
He was allowed to fit up a room in the house on the Rue 
Salzmann as a chemistry laboratory, and he kept his 
collection of minerals and rocks there. After complet- 
ing the course at the Protestant Gymnasium, he enrolled 
in the School of Science at the University of Strasbourg. 
Pasteur was then a member of the faculty, and there is 
little doubt that the lectures of this great teacher deter- 
mined Friedel to pursue chemistry and mineralogy. 
After a year in his father’s counting house demonstrated 
that banking had no attractions for him, he went to 
Paris to continue his studies. The young student, only 
20, lived with his grandfather Duvernoy in the apart- 
ment formerly occupied by Buffon at the Natural His- 
tory Museum. In 1852 he received his bachelor’s de- 
gree in mathematics at the Sorbonne, and in 1854 his 
licentiate in this same field. 

The famous chemist Wurtz was also a native (b. 1817) 
of Strasbourg, and it was but natural that Friedel 
should enter (1854) the well-known laboratory at the 
Ecole de Medicine. At almost the same time, Dufre- 
noy, professor of mineralogy and director of the Ecole 
des Mines, offered him a post as preparator. In 1855 he 
received his licentiate in physics and was appointed 
curator of the collections at the Ecole des Mines. In 
1856 he married Emilie Koechlin, the daughter of a 
manufacturer near Mulhouse. 


For many years the activity of Charles Friedel was 
divided between mineralogy at the Ecole des Mines and 
chemistry at the laboratory directed by Wurtz. He 
quickly became the trusted collaborator of his chief and 
in time his intimate friend. During this period came 
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ANTOINE WILLEMART 
Institut de Chimie, Paris, France 


(Translated by Ralph E. Oesper, University of 
Cincinnati) 


the first studies on the ketones, lactic acid, the organic 
compounds of silicon, as well as the investigations on 
zircon crystals, the pyroelectricity of certain minerals, 
the dimorphism of zinc sulfide, adamine, etc. 

In 1861 a young mining engineer from Boston en- 
rolled at Wurtz’s laboratory. Only 22, he had pre- 
viously studied at Freiberg in Saxony and at Heidelberg. 
Charles Friedel and James Mason Crafts soon found 
that they had many tastes and ideas in common and it 
was almost inevitable that they should decide to collab- 
orate on a piece of research. The first of their joint 
studies on the organic compounds of silicon was carried 
out during this period (1863-1865). 

It was not until 1869 that Friedel was ready to stand 
for the doctorate. He defended two theses: one chemi- 
cal, “Recherches sur les acetones et les aldehydes,” one 
mineralogical, “Sur la pyroelectricite dans les cristaux 
conducteurs de l’electricité.”” He already enjoyed quite 
a scientific reputation since he had previously published 
about 50 papers on various topics. 

The Franco-Prussian War of 1870 seriously upset his 
plans and brought him much personal grief. He sent 
his wife and children to Switzerland for safety and 
placed his chemical competency at the disposal of the 
national defense. Only after the siege and surrender of 
Paris did he learn of the death of his wife, who left him 
with five young children: four girls,one boy. In 1873 
Friedel married again. His second wife, Louise Combes, 
was the daughter of the director of the Ecole des Mines. 
They had one child, a son. 

The terms of the treaty, which amputated his be- 
loved Alsace from France, grieved him sorely and aroused 
in him a laudable patriotic fervor. Henceforth, all his 
efforts and all his actions were governed by an intense 
desire to restore France to her rightful position. 

In 1871 Friedel was put in charge of mineralogy at the 
Ecole Normale Superieure, and in 1876 he became pro- 
fessor of mineralogy at the Sorbonne. He held this 
chair until 1884, when he succeeded Wurtz (d. 1884) as 
professor of organic chemistry and director of the re- 
search laboratory at the Sorbonne. 

Friedel soon began to worry seriously about the phe- 
nomenal progress of the German chemical industry. 
Was it threatening to make an empty phrase of Wurtz’s 
famous declaration “Chemistry is a French science?”’ 
In Friedel’s opinion, the lack of qualified chemists and 
competent technical men was one of the main reasons 
for the inferiority of the French chemical industry. 





Accordingly, from 1892 he strongly advocated the 
establishment of a school for the training of technical 
chemists. These efforts led to the founding of the In- 
stitut de Chimie. Built originally (1896) at the corner 
of the Avenue de l’Observatoire and the Rue Michelet, 
it was moved in 1919 to the Rue Pierre Curie. Friedel 
did not see the ripened fruit of his endeavor; he died 
(April 20, 1899) barely three years after the opening of 
this school. However, the seed had been sown, and the 
Institut de Chimie de Paris, which celebrated its fiftieth 
anniversary in 1946, has produced, during half a cen- 
tury, competent chemical engineers for all branches of 
the French chemical industry. This achievement must 
certainly be placed high among Charles Friedel’s many 
outstanding successes. 

Many distinctions and honors came to Friedel. In 
1869, on the day after the presentation of his doctorate 
theses, he was made Chevalier of the Legion of Honor, 
and was promoted to Officier in 1888. He was elected 
to succeed V. Regnault in the chemistry section of the 
Academie des Sciences in 1878. The Royal Society of 
London awarded its Davy Medal to him in 1880, and 
Oxford University conferred Doctor juris civili, honoris 
causa on him in 1894. Numerous foreign scientific 
societies were proud to include him as an honorary mem- 
ber. In 1857 he joined with others in the founding of 
the Societé Chimique de France, and he served four 
terms as its president (1870, 1871, 1880, 1888). He was 
likewise one of the founders and presidents of the So- 
cieté Mineralogique de France. He even was named 
president of the Societé de Physique de France. Be- 
cause of his great reputation he was a logical choice to 
direct and preside over the deliberations of the Inter- 
national Congress which met at Geneva in 1892 to re- 
form the nomenclature of the fatty acid series. 


THE MAN 


One of Friedel’s dominant qualities was his deep affec- 
tion for his parents. It surely was not easy for him to 
decide to study science in place of continuing his father’s 
business. To him he wrote on March 12, 1853: “Since 
I cannot embrace you and take you in my arms, I 
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will begin the celebration of 

this first day of my 2st 

year, this anniversary of 

. my birthday, the first I 

have ever spent far from 

home, by writing to you. I 

arose this morning with a 

feeling of profound thanks 

to the good Lord who has 

heaped so many blessings on 

me, who has also given me 

such good parents, who 

has watched over me to 

this day, and has put me 

in a position where so many 

others would like to find 

themselves. My gratitude 

to you, good father, is not 

less deep and heartfelt, and my sincerest wish is that 

you will not have reason to regret the generous sacri- 

fices you have made to my inclinations.”’ His father did 

not regret having allowed his son to follow his heart’s de- 

sire. In fact, some time before his death the elder Frie- 

del declared: ‘‘Not having been able to devote myself 

to science, I wished that my son at least could become a 
scientist.” 

A second characteristic of Charles Friedel was an 
intellectual drive that enabled him successfully to pur- 
sue concurrently sciences like chemistry and miner- 
alogy. He was well aware of the difficulty entailed in 
this dual field of endeavor, and he accordingly hesitated 
to accept the post as assistant at the Ecole des Mines 
while he was also working in the Wurtz laboratory. He 
wrote to his father: ‘““M. Dufrenoy has offered to let me 
work with him as preparator. I have been obliged to 
respond to him that being already occupied in a labora- 
tory and preparing for my licentiate, I cannot give him 
any considerable part of my time, but that nevertheless 
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First Experiment on the Use of Aluminum Chloride in the Presence of 
Amyl Chloride 


The reporter notes the weight of hydrogen chloride released (3.5 g.)- The 
calculation gives the theoretical weight (5.1 g.) which should be liberated. 
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I will manage matters in such fashion that I can find 
some moments for him.” Then in a later letter: “I 
have talked with M. Dufrenoy; he wishes to confide to 
me a crystallographic study in particular. This would 
be very much to my advantage, but I am not sure 
whether I can find the time for this multitude of jobs. 
May the Lord provide help by augmenting my activity 
and by blessing my efforts.” 

Hanriot depicted him in the following terms: ‘“Frie- 
del had strong convictions and took an active part in the 
propagation of religious ideas. From 1848 he belonged 
to the Reformed Church. He was a member of the 
Society of the Friends of the Poor, of the Young Men’s 
Christian Union, whose president he was for many 
years, and with which he occupied himself to the close of 
his life; he devoted some hours of his Sundays to visit- 
ing the poor. Endowed with an exceptionally fine mind, 
he found time for everything. Until the end of his life 
he read Latin easily and even Greek; he spoke English 
and German well. He found recreation from all these 
studies in sketching, loving to preserve by his pencil the 
places he passed through or the scenes he saw, and so 
filled albums which his family has preserved. 
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Repetition of the First Trial with a Larger Weight (11 G.) of Aluminum 
Chloride. The first line is in the handwriting of J. M. Crafts. 


Bodily exercises were also a part of his education. 
The sight of him, tall and agile, even at an advanced 
age, showed that he must have used his muscles as well 
as his brain. At evening, when the work of the labora- 
tory was finished for the day, he went to the Pascaud 
gymnasium, where he met with a group of scientists and 
men of letters who felt as he did that a vigorous body is 
the best assistant for an overworked mind. Wurtz, 
Pisani, Lauth, Javol, Meline, Dr. Picard, and others 
joined him in these gymnastics which were interspersed 
with scientific or political discussions, and they so 
thoroughly enjoyed these meetings that, despite their 
many duties, it was rare for one of these notables not to 
be present: Friedel attended until his death; further- 
more, he liked to show off his suppleness and vigor to 
the young men in his laboratory by helping them with 
slightly difficult tasks which appeared to be beyond 
their strength.” 
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Action of Aluminum Chloride on Benzene in a Sealed Tube 


Friedel was a beloved and esteemed teacher, who had 
the ability to infuse others with his faith in and en- 
thusiasm for scientific research. A joyful highlight each 
year was the outing in the country which he arranged 
for his current and former students. Among the many 
who studied under him were Machuca, Crafts, Laden- 
burg, Silva, Guerin, Sarasin, Ador, Bolsohm, Vincent, 
J. Curie, Berthelot, Chabrie, Gorgeu, Cumenge, George 
Friedel (his son) and Combes (his nephew). 

His famous collaboration with Crafts was divided 
into two periods. In the first (1861-1865) they pub- 
lished together several papers on the organic compounds 
of silicon. Later (1874-1891) when Crafts returned to 
Paris for a second stay, a large number of papers on the 
famous “Friedel-Crafts reaction” linked their names for 
posterity. They were also united by a profound friend- 
ship, and in the Friedel Memorial Lecture, composed 
for the London Chemical Society in 1900 Crafts said: 
“During thirty-eight years in which a close friendship 
made him a witness of conduct and actions, the writer 
cannot recall a single instance in which he would have 
wished his friend to have thought or acted otherwise 
than he did.” 


CHEMICAL RESEARCHES 


Friedel’s chemical researches were extremely varied 
and were carried out in widely different fields. It is 
necessary to remember that in the middle of the 19th 
century, when he began this work, there was hardly any 
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First Trial of the Action of Aluminum Chloride on a Mixture of Benzene 
and Amyl Chloride. Friedel-Crafts Reaction 


notion of functional groups; the graphic representations 
were far less detailed than those of today, and they did 
not express the molecular constitution of compounds. 
The new theories of Laurent and Gerhardt were opposed 
for a long time in France and were actually banned from 
the official instruction. However, Wurtz, who was an 
enthusiastic teacher, foreseeing the fecundity of the 
atomic theory, did not hesitate to teach it and, in his 
laboratory, sought constantly to discover new experi- 
mental confirmations of it. 

Friedel was thoroughly imbued with these theoretical 


ketones were then called. By studying the action of 
phosphorus pentachloride on ordinary acetone, he 
showed that this compound should not be included 
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Analysis of Amylbenzene Obtained in the Experiment Described by 
Hanriot. The Theoretical Percentages are at the Right. C, 89.18; 
H 10.81. The Actual Results were C 89.79; H 10.97. 


ideas when he began his studies on the “acetones,”’ as — 
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among the alcohols, as Kasse had suggested, and that 







































“‘acetones” and aldehydes have many reactions in com- 
mon. In order to investigate the whole class of acetones, : 
Friedel prepared a large number of them by distilling ; 
mixtures of the calcium salts of fatty acids. He thus 
prepared acetophenone, which was the earliest example 
of a “‘mixed”’ ketone, belonging to both the aliphatic and ‘ 
aromatic series. By means of sodium amalgam he hy- ¢ 
drogenated ordinary acetone, and so converted it into ‘ 
isopropy! alcohol. Friedel at once declared that the p 
latter should be considered as a representative of a new Z 
class of alcohols, namely, the secondary alcohols. . Their li 
existence had been predicted shortly before by Kolbe g 
on purely theoretical grounds.: The hydrogenation of ‘ 
acetone by means of sodium amalgam produces an fi 
el 
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Action of Methyl Iodide on Benzene in the Presence of Aluminum 
Chloride. All of the text is in the writing of J. M. Crafts. 
additional compound, pinacol, which on treatment with 
acid is changed into pinacoline. Friedel proved that 
pinacol is a product of duplicative reduction, which 
makes it the first known example of a bitertiary glycol. ‘ial 
The structure of glycerol was definitely confirmed in 
1873 by Friedel and Silva. They synthesized it by con- 
verting propylene into the dichloride and then into 1, 2, 
3-trichloropropane. The latter, on saponification by 
the acetate method of Wurtz, yielded glycerol. whi 
Wurtz and Friedel studied the anhydride of lactic seri 
acid. Friedel worked out a new synthesis of this acid; J A 
the method consisted of brominating propionic acid and imp 
then treating the product with moist silver oxide. By try. 
this procedure he also converted butyric acid into the lishe 
corresponding hydroxyacid. mor 
The joint studies (from 1863 on) with Crafts, on the jj scril 
compounds of silicon, had their origin in the determina- us 
tion of the atomic weight of this element. Some chem- §§ was ; 
ists, stubbornly relying on the authority of Berzelius, J of Zi 
declared SiO; to be the formula of silica (Si = 21), while = : 









others went along with Gaudin, Dumas, and then Ger- 
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hardt and Wurtz in accepting SiOz (Si = 28). The 
quadrivalence of silicon was proved by preparing the 
entire series from the tetrachloride to the tetraethylate: 


SiCh, SiCl;(OC2Hs), SiCk(OC2Hs)2, SiC] (OC2Hs)s, Si(OC2Hs)« 


When Friedel treated the respective zinc alkyls with 
silicon chloride he obtained silicon methyl] and silicon 
ethyl. They were found to be remarkably stable to- 
ward water, alkali, sulfuric acid, and halogens. Com- 
paring these substances with the corresponding tin 
derivatives Friedel declared: ‘‘Hence the carbon is 
linked to the silicon in a way that is much more ener- 
getic than it is to tin, with a solidity comparable to that 
which binds the carbon atoms to each other. This 
finding contains the germ of a kind of mixed organic 
chemistry, in which the compounds instead of having a 
purely carbonaceous central nucleus, have a similar core 
composed of both carbon and silicon.””’ He named these 
compounds silicopentane and silicononane to indicate 
the analogy with tetramethylmethane (pentane) and 
tetraethylmethane (nonane). 


CH; C,H; 
CH; CH, —C—CH, 


Hs 2Hs 
pentane nonane 


CH;— 


CH;—Si—CH3; 


CH; 
silicopentane 


C.H;s 
it 


Cy Hs 
silicononane 


The analogy between carbon and silicon was com- 
pleted by the production of numerous compounds such 
as: 


(C,Hs)sSiC,H,OH 
silicononylic alcohol 


SiHCl; 
silicochloroform 


SiH (OC,Hs)s 
silicoformic ester 


(C:Hs)sSi—O—Si(C2Hs); 
silicon triethyl oxide 
’ SiHI; 
silicoiodoform 


(C:Hs);=Si—Si=(C:Hs)s 
silicon hexaethyl 


and even silicooxalic anhydride, 
O—Si——Si—O 
O 


which has no equivalent in the purely hydrocarbon 
series. 

_ A chance observation led Friedel to discover the very 
important role of aluminum chloride in organic chemis- 
try. This was the start of the papers which he pub- 
lished with the collaboration of Crafts over a period of 
more than ten years. The circumstances were de- 
scribed by Hanriot: 


“About 1878, a foreign student whose name I have forgotten 
was carrying out a preparation in Wurtz’s laboratory by means 
of Zincke’s method (action of zinc dust on a mixture of chlogide 
and an aromatic hydrocarbon). The ‘reaction rapidly became 
tumultuous and Friedel, who happened to be present, helped the 
young gentleman to separate the liquid from the powdered zinc. 


To the astonishment of him and all the onlookers, the decanted 
liquid reacted just as vigorously as when it was still over the zine 
dust. This singular case was discussed for a while in the labora- 
tory circle, but it-was then forgotten. Some time later, Friedel 
and Crafts wished to convert an organic chloride into the iodide 
by Gustavson’s method, which consists in putting the chloride 
in contact with aluminum iodide. They tried to modify the 
procedure by using a mixture of equivalent quantities of alumi- 
num and iodine in place of the iodide. These conditions re- 
sulted in an extremely vigorous reaction which did not produce 
the desired iodide. They soon discovered that the reaction goes 
on just the same if the iodine is omitted, that it grows faster. and 
faster, becoming violent and cannot be controlled by cooling and 
by removing the strips of aluminum. At the same time, they 
found that a considerable part of the aluminum is present as 
chloride in the liquid and they became convinced that the addi- 
tion of aluminum chloride directly to the organic chloride gives 
the same results as metallic aluminum. The analogy to the 
Zincke reaction became plain and Friedel and Crafts obtained 
amyl benzene through the action of aluminum chloride. The re- 
action proceeds so regularly that the quantity of hydrochloric 
acid can be used to measure the amount of amyl benzene formed.” 


Wurtz presented the findings to the Academy of 
Sciences on June 11, 1877, under the title: “A new gen- 
eral method of synthesizing hydrocarbons, acetones, 
etc.”’ A steady stream of papers dealing with the new 
method followed this initial announcement, and by 
1888 about fifty papers had appeared in the Compies 
rendus, the Bulletin de la Societe Chimique de France, 
and the Annales de Chimie et de Physique. 

The Friedel-Crafts reaction, in its original form, was 
used to prepare substituted aromatic hydrocarbons by 
condensing, under the action of aluminum chloride, a 
halogenated aliphatic derivative with an aromatic hy- 
drocarbon: 


AICI; 
CsHs + RC1 ——— C,H;R + HCl 


Similarly, ketones were produced from an acid chloride 
(aliphatic or aromatic) by condensation with an aro- 
matic hydrocarbon: 


AIC, 
C,H, + RCOC] ——> C,H,COR + HCl 
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Action of Chloroform on Benzene in the Presence of Aluminum Chlo- 
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Action of Aluminum Chloride on Naphthalene 


Subsequently, this reaction was generalized, ex- 
amined critically, and modified. It was found that. the 
halogenated aliphatic derivatives may be replaced by 
olefinic compounds, which likewise condense with aro- 
matic hydrocarbons under the influence of aluminum 
chloride. For instance, ethylbenzene can be made from 
ethylene and benzene. Similarly, it is possible to pre- 
pare ketones by using acid anhydrides in place of acid 
chlorides. Thus, acetophenone is obtained by con- 
densing benzene with acetic anhydride as well as with 
acetyl chloride which was originally employed. By ap- 
propriate modifications it is possible to extend this re- 
action to arrive at still other classes of compounds. 
Thus aldehydes are obtained by condensing an aro- 
matic compound with a mixture of carbon monoxide or 
hydrocyanic acid and hydrochloric acid (Gattermann 
synthesis). Acids are readily produced through the 
intermediate formation of nitriles resulting from con- 
densations involving chlorcyanogen, etc. 

The potential technical importance of the Friedel- 
Crafts reaction was immediately apparent to its bril- 
liant discoverers. On May 22, 1877, 7. e., several weeks 
prior to their first publication, they secured protection 
(French Patent 118,668). Their claim was for “a new 
procedure for preparing hydrocarbons and acetones” by 
the use of metallic chlorides. It also seems especially 
interesting to point out that in this patent it is stated: 

“We claim in addition the action of metallic chlorides, and in 


particular of aluminum chloride on certain chlorides used alone 
and certain hydrocarbons used alone. Under these-conditions, 


there result preducts of decomposition and condensation. Thus 
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aluminum chloride reacts with amyl chloride to give gaseous 
hydrocarbons and other volatiles even at high temperature. 
Benzols and petroleum hydrocarbons, heated with aluminum 
chloride, give analogous products.” 


Hence they described, many years before this opera- 
tion became a technical reality, the use of aluminum 
chloride in cracking. This same idea appears in the 
English Patent 769 taken out on December 15, 1877, by 
Charles Denton Abel in the name of C. Friedel and J. 
M. Crafts. 


“By this treatment, an hydrocarbon, such as petroleum of low 
grade is converted into gas, light oils suitable for illumination, 
and heavy oils containing paraffin; also petroleum, naphtha, 
and other hydrocarbons containing sulfur are by the process 
above described freed from sulfur and enhanced in value.” 


On December 23, 1881, the French Chemical Society 
discussed a note published by Gustavson relative to the 
decomposing action of aluminum chloride on petroleum 
hydrocarbons. Friedel and Crafts at this meeting in- 
sisted on their priority and also announced their inten- 
tion to study the transformations undergone by various 
hydrocarbons. In 1898, in one of the last notes pre- 
sented by Friedel to the Academie des Sciences, he and 
A. Gorgeu reported that normal hexane can be split 
into propane, butane, and pentane and in addition there 
is produced, probably by polymerization, a brown vis- 
cous liquid. 

Friedel was interested in the spatial relationships 
that were brought to the fore by the practically simul- 
taneous publications of van’t Hoff and Le Bel. The 
theory of asymmetric carbon provided an explanation 
of new cases of isomerism which could not have been 
predicted by the earlier postulates. Pertinent instances 
were meta- and paraldehyde and the hexachlorocyclo- 
hexanes. As to the structure of benzene, Friedel showed 
that if it consists of six tetrahedra, alternately joined by 
single and double bonds, its six hydrogen atoms would 
be situated on the circumference of a regular hexagon. 


MINERALOGIC RESEARCHES 


Friedel’s researches in mineralogy were not less im- 
portant than his chemical investigations. As curator of 
the collections at the Ecole des Mines he had opportuni- 
ties to discover new species, which he named in honor of 
his friends: wurtzite, delafossite, carnotite, and ada- 
mine. He spent considerable effort trying to produce 
minerals artificially, since he was especially interested 
in clarifying the geologic conditions that prevailed 
during their formation. Finally, he was particulary 
attracted by the mysterious phenomenon of pyroelec- 
tricity. 

Friedel carried on chemical and mineralogical re- 
searches concurrently until the close of his life. In fact, 
his last paper, in the Comptes rendus, was a joint pub- 
lication with Cumenge: “On a new minetal of 
uranium, carnotite.”’ 


EVALUATION 


The scientific work of Charles Friedel assumes 4 
special importance at present. Although as a whole it 
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was not directed toward practical ends, nevertheless a 
great number of applications came out of it and modern 
chemical industry has drawn some of its successes from 
Friedel’s-discoveries. For instance, isopropanol, which 
Friedel produced for the first time by the reduction of 
acetone, has become an industrial alcohol of high im- 
portance. Because of their parisiticidal power, the 
hexachlorocyclohexanes are on the market under the 
name of “gammexane.”” The complete synthesis of 
glycerol, starting from propylene, has led to the indus- 
trial synthesis, a technical triumph which must be credi- 
ted particularly to the German chemical industry. The 
first researches on organo-silicon compounds, carried 
out with the collaboration of Crafts and Ladenburg, 
may be regarded as the origin of those remarkable mod- 
ern plastics, the silicones. Finally, and above all, it 
must not be forgotten that Friedel, together with 
Crafts, introduced the action of aluminum chloride into 
organic chemistry. It is unnecessary to stress the great 
importance which this compound has now acquired in 
industrial organic chemistry. It is used as a cracking 
agent, to bring about polymerization, or as a powerful 
aid in synthesis, where the Friedel-Crafts reaction can 
be applied in varied and interesting easy to manufac- 
ture a wide range of products. 
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@ Young America Looks to Aluminum 


That aluminum has even fired the imagination of 


high-school students is evidenced by a project of Stan- ~ 
Jey Sitta, who recently was graduated with two special 


merit awards from Morton High School, Cicero, Illinois. 

The project is a working model of Martin Hall’s 
original reduction cell and is able to produce small but- 
tons of pure aluminum. The model was awarded top 
prize in a State Science Exhibit at Benton, Illinois. It 
consists of a welded steel shell lined with carbon to 
simulate the Hall electrolytic cell. Heavy carbon rods 
are used as his expendable electrodes and they are 
bolted in a busbar in such a way that, as they become 
consumed, they can be lowered into the electrolytic 
cell. The source of the current for the operation of the 
cell is an are-welding generator with a capacity of about 
500 amperes current. For operation of the cell, the 
same materials are used as in commercial practice— 
alumina, eryolite, and metallic fluorides. The cell is 
operated at 5-7 volts for several hours, and at the ertd 
of this time numerous small pellets of pure aluminum 
ore are obtained. 
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Action of Oxygen on B in the Pr of Aluminum Chloride. 
The entire text was written by J. M. Crafts. 


For a complete bibliography see Bulletin de la 
Chimique de Paris, [3] 23, 1 (1900); [4]51, 1512 (1932). 

















The Metcalf Chemical Laboratories 


For many years teachers of chemistry have felt a 
need for a major revision in the chemistry curriculum in 
our colleges and universities. This has been expressed 
in their general dissatisfaction with the first year of col- 
lege chemistry and their dilemma upon attempting to 
introduce new material into the already overcrowded 
syllabi. A general lack of emphasis-on inorganic 
chemistry and, indeed, a lack of interest for inorganic 
research (with the notable exception of that on nuclear 
fission products) has been evidenced by the small num- 
ber of graduate students who elect research problems in 
this field (1). Interest in analytical chemistry among 
students is also less than it should be, Evidence of 
this dissatisfaction lies in the large number of papers 
and symposia recently devoted to the teaching of gen- 
eral chemistry in college (2-13) and to the ever in- 
creasing number of textbooks in general chemistry. 
Freshman teachers professing to emphasize the “princi- 


THE 
FUNDAMENTALS OF CHEMISTRY IN 
COLLEGE! 


A NEW PROGRAM FOR TEACHING 


JAMES S. COLES, LEALLYN B. CLAPP, 
AND ROBERT P. EPPLE 
Brown University, Providence, Rhode Island 


ples” of chemistry are often merely attempting to give 
a watered-down physical chemistry course to students 
as yet unprepared mathematically for a useful course i 
that field. Pedagogy in analytical chemistry has also 
been a field for open debate. No one will deny the im- 


——— 





1 Presented before the Division of Chemical Education at the 
113th meeting of the American Chemical Society, Chicago, 
Illinois, April 19, 1948. 
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portance of analytical chemistry to the other branches 
of the science, but the methods of teaching it and its 
specific place in the college curriculum have been sub- 
ject fo question, and, unfortunately, the answer has 
often been to deemphasize analytical chemistry or limit 
the time devoted to it. 

The colleges generally fail to make use of the chemis- 
try taught in secondary schools (14-20). College peo- 
ple are prone to say that secondary school chemistry is 
not taught from a rigorous or modern point of view; 
they prefer to have a student come to them with no 
previous training in chemistry so that he will not have 
to unlearn wrong concepts previously acquired. The 
practice of pooling all students in the same introductory 
course in college chemistry without regard to previous 
training is followed by many institutions, and must be 
considered as further evidence of their disregard for 
secondary-school chemistry. Even in_ institutions 
where separate courses are maintained they are often so 
nearly identical as to belie the necessity of separation. 
Because the colleges repeat much of the same chemistry 
that has been taught in the secondary-school course, the 
secondary-school teachers justly say, ‘“What’s the use 
of our offering chemistry at all if the colleges are going 
to teach the same material again?”’ The two courses 
which seem relatively free from these criticisms are 
organic and physical chemistry. 

The sequence in which the various fields of chemistry 
have been presented in college is apparently the result 
of historical accident rather than logical planning (2/). 
Chemistry was originally a part of natural philosophy 
until it grew to such proportions that it was necessary 
to segregate it. As the subject of chemistry itself grew 
in size, the various branches were separated from one 
another. While Berzelius was laying the foundations 
of inorganic and analytical chemistry, Liebig was giving 
the first laboratory instruction in organic analysis. 
The preparation of urea from inorganic sources in 1828 
hastened the separation of the chemistry of carbon com- 
pounds as a unique study. In spite of the influence of 
Berzelius, systematic instruction in inorganic analytical 
chemistry was not given until several decades later; 
courses in physical chemistry were rare until after 1900.” 

The segregation of physical chemistry left inorganic 
chemistry for the introductory course. But inorganic 
gry itself progressed, due in part to the applica- 
tion of physicochemical techniques for the description 
and measurement of the properties of inorganic substan- 
ces and for the understanding of chemical phenomena. 
Hence the instructor in the beginning inorganic course 
found himself devoting a substantial portion of his time 


_—_— 





*The courses taught in college paralleled this historical de- 
velopment of the science, at least partially. At Brown Univer- 
sity, the chemistry laboratory was first opened to students in 
1853, although lectures in chemistry had been given for at least 
five years previously. In 1865 the catalog reads, “It is the de- 
sign of the department to teach students analytical chemistry 
and then to direct their studies to practical applications of chem- 
istry.” Qualitative and quantitative analysis were listed ‘as 
separat» courses in 1874; organic chemistry was offered with that 
title for the first time in 1889 and physical chemistry in 1901. 
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to the concepts of physical chemistry which necessarily 
precede the understanding of inorganic chemistry (22). 
The same thing became true.of qualitative analysis 
with the introduction of dissociation and other equilib- 
rium phenomena. Considerations of coprecipitation, 
the theory of indicators, and instrumental methods are 
examples of the manner in which physical chemistry 
entered the course in quantitative analysis. This led 
to the situation which exists in many colleges and uni- 
versities today, where a diluted version of physical 
chemistry is taught in the course in general and in- 
organic chemistry, is continued in the courses in qualita- 
tive and quantitative analysis, and finally, after the 
student has acquired sufficient background in mathe- 
matics and physics, it is repeated and extended more 
rigorously. Such repetition might not be considered 
extravagant were it not that more and more topics 
must be crowded into the existing courses as chemistry 
advances to new frontiers. 

What the authors and their colleagues hope to do in 
the program inaugurated at Brown in 1948-49 is to give . 
their students a thorough grounding in the fundamen- 
tals of chemistry during the freshman and sophomore 
years and then, in the junior and senior years, allow 
them a small degree of specialization in one or two par- 
ticular fields, such as analytical, organic, physical, in- 
organic, industrial, or biological chemistry. In chem- 
istry, the need for compartmentalization of subject 
matter is rapidly disappearing, as exemplified by physi- 
cal chemists working on problems ranging from those 
of electron diffraction to antibodies, organic chemists 
studying reaction rates and mechanisms, biochemists 
synthesizing organic compounds, to mention only a 
few. Why not, then, present the fundamentals of 
chemistry in a sequence of courses to be taken during 
the first two years of college (the “lower’’ college)? 
These courses would cover the introductory topics of 
physical, organic, and inorganic chemistry, and would 
include considerable experience in the techniques of 
analytical chemistry. The student will be prepared to 
elect during his last two college years (the “upper” col- 
lege) advanced courses in more specialized branches of 
chemistry (which will include a required course in 
analytical chemistry). 

Perhaps the most logical order in which to present 
the fundamentals of chemistry would be for the in- 
troductory course to consist of the subject matter 
usually found in physical chemistry, since the concepts 
of inorganic and organic chemistry can well be based 
on physical chemistry. Usually this is not practical, 
since the average college freshman does not have the 
background in mathematics or in physics requisite for 
the best understanding of physical chemistry. The 
earliest point at which physical chemistry can be intro- 
duced efficiently will ordinarily be at the beginning of 
the sophomore year, after the student has taken a year 
of college mathematics (which would include differ- 
ential calculus) and a year of college physics. The 
alternative, therefore, is for the first year course to in+! 
clude the most valuable part of chemistry that can be 
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taught with the least physical chemistry as a prerequi- 
site. 

In the new Brown program the first two semester 
courses (I and II) in which the student enrolls in his 
freshman year concern themselves mainly with re- 
actions of a limited number of elements and compounds 
of carbon, hydrogen, nitrogen, sulfur, phosphorus, and 
the halogens. Although courses I and II include a 
major portion of the subject matter now presented in 
the introductory course in organic chemistry, this is 
not equivalent to placing college freshmen in the regu- 
lar organic chemistry course. That has been attempted 
previously with varying success. The usual organic 
course assumes a greater maturity and chemical back- 
ground on the part of the student than the average 
freshman possesses. Courses I and II are given at the 
freshman level rather than at the level of the upper- 
classman. They are not necessarily restricted to 
organic chemistry, nor will the second year courses be 
restricted to physical or inorganic chemistry.* The 

- introduction of Course I considers, from an elementary 
point of view, the atomic structure of the few elements 
mentioned, the types of bonds which these elements can 
form, the method of forming them, and the nature of 
the compounds so formed. Following this introduc- 
tion, much of the material of classical organic chemistry 
is discussed, but with other concepts introduced and 
studied where necessary. In addition to the essen- 
tials of atomic structure such topics include acids and 
bases (limited to the elementary concepts required 
for beginning organic chemistry) and oxidation-re- 
duction. The laboratory work accompanying these 
courses is again adapted to freshmen, and in the be- 
ginning emphasizes the various operational techniques 
of chemistry, such as glassworking, distillation, crystal- 
lization, filtration, extraction, sublimation, the deter- 
mination of melting points and boiling points, rough 
weighing and volumetric techniques. The usual ex- 
periments of organic chemistry are not undertaken 
until after some skill in laboratory techniques has been 
acquired. Parallel with these courses during the 
freshman year, college physics and mathematics are 
required. 

During the sophomore year, in addition to con- 
tinuing mathematics, three semester courses in chemis- 
try will be required, Course III during the first semes- 
ter, and Courses IV and V concurrently during the 
second semester. Course III will assume and take ad- 
vantage of the year of general college physics, including 
such subjects as the kinetic theory of gases and the gas 
laws, electricity and magnetism (and the electromag- 
netic spectrum), acoustics, mechanics, optics, elemen- 
tary particles, and nuclear structure. The course will 
open with a consideration of elementary quantum 





5 Unfortunately, due to the absence of a more adequate com- 
mon terminology, it is necessary to use the terms organic, inor- 
ganic, and physical in describing various aspects of these courses. 
Actually, it is hoped that these barriers will be completely 
broken down. The catalog titles for the five basic introductory 
courses comprising the first two years are “Fundamentals of 
Chemistry, I,’”’ “Fundamentals of Chemistry, II,” etc. 






2 


JOURNAL OF CHEMICAL EDUCATION 





theory, leading into atomic structure and its relation 
to the periodic table, and from there to molecular 
structure. The remainder of Courses III and IV wil] 
consist for the most part of the subject matter of the 
classical course in physical chemistry, assuming the 
student’s background in elementary physics, and in- 
troducing such other areas of chemistry as may seem 
desirable. (For example, the quantitative treatment 
of equilibrium, dissociation, and hydrolysis will be 
covered in greater detail than is the case at present:) 
This particular order of presentation for Courses III 
and IV is followed for two reasons: (1) the mathe- 
matics required in the first part of the course will be 
mainly algebra, thus giving more time for the study of 
calculus before it is used; and, more important, (2) 
atomic and molecular structure, and the periodic 
table, will have been studied prior to the beginning of 
Course V, which will be concerned for the most part 
with inorganic chemistry. The laboratory for Courses 
III and IV will develop skill in refined weighing and 
volumetric techniques, and at the same time will intro- 
duce the instruments and techniques of physical chemis- 
try. 

The subject of inorganic chemistry will be the con- 
tent of Course V in the second semester of the sopho- 
It will be assumed that the student hasa 



















































































more year. 
rather mature knowledge of atomic and molecular § mo 
structure, the covalent bond, and the concepts of phys- § me 
ics and physical chemistry, such as electrode poten- § lar 
tials, ionization potentials, electrical and thermal § sim 
conductivity, phase transitions, and the gas laws. All § try 
of these will be available as tools for teaching inorganic § nee 
chemistry on a more advanced level than the beginning § offe 
course at present. The laboratory work in inorganic § phy 
chemistry can also be of a more advanced nature, § mot 
since many laboratory skills and techniques will be § lyti 
available to the student. For example, the prepara- § req 
tion of compounds of different oxidation states of § cher 
manganese can be combined with quantitative studies J in 1 
of the effect of acidity on their stability and oxidizing § — 
properties; the effect of ionic strength and complex- 
forming ions on the ferrous-ferric equilibrium can be # 
studied by potentiometric methods; some experiments § Req. 
can be performed in nonaqueous media, e. g., liquid o 
ammonia. Bt elect 
The new program for the lower college is given in § Ph 
Table 1. is 
Or, 
TABLE 1 Or; 
New Program for the Lower College je 
Freshman Year . Sophomore Year———~ Tho 
Semester I Semester IT Semester I Semester II Bio 
Chemistry I Chemistry II Chemistry III Chemistry IV J 
Mathematics Mathematics Mathematics Chemistry, Th 
Physics Physics Elective Mathematics @ i, , w 
English English Elective Elective 
Elective Elective the 
== Bf funct 
The electives will probably be in foreign languages § '8 to 
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fundamentals of chemistry 

offered in the lower college 

will provide a good back- 

ground for the course in 

analytical chemistry and 

will permit the election of a 

wide variety of advanced 

courses during the student’s 

junior and senior years. 

These will be selected from 

either a one-semester course 

or a one-year course in one 

or more of the following 

special fields: organic chem- 

istry, which would be a se- 

mester of qualitative or- 

ganic analysisand asemester 

of advanced preparations or 

advanced theory; inorganic 

chemistry, which might in- 

clude radiochemistry, tracer 

techniques, etc.; physical 

chemistry, including such 

subject matter as classi- 

cal and elementary statis- 

tical thermodynamics, and 

modern theory and experi- 

mental methods in molecu- 

lar structure, kinetics, and 

similar topics; biochemis- 

try; industrial chemistry or a course in chemical engi- 
neering. Through elections from these advanced 
offerings, any inadequacy of training in organic or 
physical chemistry taken in the lower college will be 
more than compensated. It will be noted that ana- 
lytical chemistry now has physical chemistry as a pre- 
requisite, rather than vice versa. The program in 
chemistry for the junior and senior year is summarized 
in Table 2. 





TABLE 2 
New Courses for the Upper College 





Required: 
Analytical Chemistry A 
Analytical Chemistry B 
Elective: 
Physical Chemistry A (chemical thermodynamics) 
Physical Chemistry B (molecular structure, reaction rate 
theory, photochemistry) 
Organic Chemistry A (identification of organic compounds) 
Organic Chemistry B 
Industrial Chemistry A and B (unit operations) 
Inorganic Chemistry A (radiochemistry) 
Inorganic Chemistry B 
Biochemistry 





_ The one topic in chemistry as it is now taught which 
is conspicuously absent in the new Brown program is 


the systematic scheme of qualitative analysis. The 
function and usefulness of such a scheme of analysis 
is today subject to much question. The number of 
different elements usually studied in current courses 
is limited, and even for the elements which are included, 


In the Advanced Analytical Laboratory 


the application of the scheme of analysis in actual 
practice is infrequent, to say the least. Probably the 
most common argument put forward for retaining the 
systematic scheme of analysis in the college chemistry 
curriculum is that it is the one course where the students 
really learn inorganic chemistry. If this is the most 
cogent argument for retaining this scheme of analysis, 
it seems reasonable that inorganic chemistry might be 
even better taught in a course and laboratory speci- 
fically designed for the purpose (23). The old type of 
general chemistry laboratory course, with one or two 
exceptions, is probably the weakest of all laboratory 
courses. The replacement of this laboratory by one 
in rigorous inorganic chemistry, using the, most modern 
techniques, should be much better. It must be re- 
iterated that less time will not be spent on analytical 
chemistry. Instead the time will be utilized at a later 
date in the student’s career. 

One great advantage of this curriculum is that it 
takes cognizance of the precollege course in chemistry. 
By not repeating high-school chemistry the level of 
student interest will be higher. The students will not 
assume that they already know the subject, lose in- 
terest, and fail to apply themselves until, too late, they 
find out that college chemistry does require some effort. 
on their part. Also, in making the transition from sec- 
ondary school to college, which is difficult for many 
students, the chemistry course, although covering new 
material, will continue to be descriptive rather than 
quantitative in nature throughout the freshman year, 
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as was the,secondary school course. Greater knowl- 
edge of, and interest in, inorganic chemistry should 
also result from this curriculum. 

Students taking this new program at Brown Univer- 


sity are those who are candidates for the degree of - 


Bachelor of Science in Chemistry. They constitute a 
rigidly selected group of students whose interest in 
chemistry is already sufficiently great before entering 
college that they are fairly sure they want to major in 
this subject. Most of these students present entrance 
credit in chemistry. Those who do not will be re- 
quired to pass a proficiency examination in chemistry, 
or, failing this, to take the introductory course in 
chemistry which is given ‘for liberal arts students, and 
enter this program in their sophomore year. Such 
students are delayed one year in entering the new pro- 
gram, but ample opportunity for making this up is 
afforded in the senior year. 

Many difficulties, both foreseen and unforeseen, will 
be encountered in the early years of this program. 
Among those anticipated or pointed out by others are: 
lack of textbooks, transfer students, sufficient carry- 
over from physics, heterogeneity of level of secondary 
school training, and the ultimate assimilation of pre- 
medical and nonchemistry students into a part of the 
program should it prove successful for the specialized 
group for which it was designed. Of the several 
medical schools which have examined the prospectus 
of this new program, the comment has been uniformly 
favorable with regard to its desirability in premedical 
training. Another correspondent is enthusiastic over 
the possibilities of the first two courses as the basis of a 
“cultural” course for nonchemists. 

Among the most important advantages of this pro- 
gram is the teaching of modern structural concepts in 
terms of the structures and properties of the first row 
elements, where the application is relatively simple, 
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rather than in the field of inorganic chemistry (24), 
Such difficult topics as ionic compounds, variable 
valence, ionization and electrode potentials, complex 
ions, and amphoterism would be postponed until the 
sophomore year, following the course in physics and 
concurrent with the latter part of the course concerned 
mainly with the topics of physical chemistry. 

Equally with the authors, the other members of the 
Department of Chemistry at Brown University, as 


‘ well as many friends elsewhere, have contributed to 


the development of this program. It is hoped that the 
results of the program may be some compensation for 
their contributions. 
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INDUSTRIAL CHEMISTRY AT BROWN UNIVERSITY 


F’or a number of years the Chemistry Department at 
Brown University has been offering a senior course in 
“unit operations” under the title of “Industrial Chem- 
istry.”’ While the subject matter involved in the course 
and the apparatus and procedures used in the laboratory 
are not new to chemical engineering departments we 
have felt that they are rather unusual for a chemistry 
department at a university which offers no chemical 
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engineering curriculum. With the thought that our 
experience may be of interest to other schools in a 
similar position, this description of the classroom and 
laboratory work has been prepared. 

The purposes and aims of industrial chemistry at 
Brown University may be listed as follows: 

(1) To familiarize the student with the design and 
operation of industrial chemical processing equipment. 
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Simple Still Equipped for Distillation, Dephlegmation, Heat Trans- 
fer, and Fluid Flow Studies 


(2) To give the student 
(who in the majority of 
cases will not be a “design”’ 
man) an opportunity to see 
that an understanding of 
design and equipment prob- 
lems by those engaged in re- 
search and development can 
greatly facilitate the prog- 
ress of industrial projects. 

(3) To give the student 
practice and direction in the 
application of his previous 
chemical training to indus- 
trial processing problems. 

(4) To give the student 
an understanding and some 
feeling for the economic fac- 
tors in chemical processing. 

(5) To give the student, 
through laboratory prac- 
tice, confidence in the theo- 
retical work of the classroom 
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and also an understanding of the limitations of theories 
through their application. 

(6) To give the student some experience in the 
manipulation of equipment and materials of construc- 
tion not ordinarily encountered elsewhere in his labora- 
tory studies, and to let him encounter problems of 
maintaining steady state conditions and obtaining 
satisfactory data in large-scale equipment not always 
as easily instrumented and controlled as small glass 


* apparatus. 


(7) To train the student in the planning of an ex- 
periment and in the interpreting and reporting of the 
data in a form and manner acceptable in industry. 

The course is normally an elective for senior students 
who are preparing for the degree of Bachelor of Science 
in Chemistry. They are required to have had inor- 
ganic, organic, analytical, and physical chemistry as 
prerequisites. The time allotted is a full academic year 
and the class meets for 3 lectures and two 4-hour labora- 
tory sessions each week. 

While the subject matter covered is similar to that 
usually encountered in a unit operations course, using 
texts such as “Elements of Chemical Engineering” by 
Badger and McCabe, “Principles of Chemical Engi- 
neering” by Walker, Lewis, McAdams, and Gilliland, or 
Perry’s “Chemical Engineers’ Handbook,”’ more em- 
phasis is given to the applications of the unit operations 
to unit chemical processes. We constantly point out to. 
the student what data he as a chemist can obtain to aid 
the engineer in the design and operation of his equip- 
ment. Along with this, however, the attempt is made 


to give the student as much design theory and practical 
application in problems as is possible, since it is felt that 
it is only through such means that he can learn to 
appreciate the factors involved. 


i] 


Fluid Flow Apparatus (left) and Bubble Cap Distillation Column (right front) 
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Briefly, the subjects covered are as follows: 


General. Dimensional analysis, graphical methods, 
energy, and material balances. 

Fluid Flow. Rate and pressure measurements, 
dynamic properties, friction losses, power require- 
ments, piping, fittings, gaskets, ete. 

Pumpsand Fans. Comparison of types, performance 
characteristics, ete. 

Heat Transfer. Conduction, convection, radiation. * 

Evaporation. Single and multiple effect. 

Crushing and Grinding. Particle size measurements, 
energy requirements, etc. 

Size Separation. Sedimentation, thickening, etc. 

Filtration. 

Diffusion 
HTU. 

Distillation. Differential, equilibrium, rectification, 
steam, azeotropic, sublimation, dephlegmation. 

Gas Absorption and Stripping. 

Extraction. Solid-liquid, liquid-liquid. 

Humidity and Air Conditioning. 

Drying. 

Crystallization. 


Theory. Transfer coefficients, HETP, 


Liquid-Liquid Extraction Equipment 
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Filter Press and Pressure Leaf Filter 


Adsorption. 

Mixing. 

Miscellaneous. 
ete. 


Safety, economics, plant location, 


Although the laboratory equipment is similar to that 
used in most unit operations work, it differs in that be- 
cause of space limitations it is in general smaller than 
that usually found in chemical engineering labora- 
tories. The total space available is 1650 square feet, 
of which 100 square feet is set aside as a separate room 
for bench work such as titrations, etc. The rest of the 
space is divided into three. rooms, the smallest of which 
is 140 square feet and is used for crushing and grinding 
work. The head room is only 91/2 feet. 

Aside from grinding mills, filter presses, and a drying 
oven it was found desirable to build the rest of the 
equipment with our own shop facilities and labor. 
With minor variations most of the setups are amply 
described in ‘Applications of Chemical Engineering” 
by H. McCormack and “Chemical Engineering Labora- 
tory Equipment” by Zimmerman and Lavine. 

To make maximum use of the available space, as 
many experiments as possible are incorporated into 
one piece of equipment. Thus, in a space of 6 X 4 
feet with 91/2 feet height a packed 3-inch glass column 
with appropriate instrumentation can be used for work 
in gas absorption, humidification, dehumidification, 
water cooling, flooding rates, pressure drop in gaseous 
flow through granular materials, and water and gas 
flow measurements by orifice meters. Mass transfer 
coefficients, heat transfer coefficients, and HTU can be 
measured. 

In another case, equipment occupying about the 
same space and consisting primarily of a 15-gallon still 
and two tubular condensers can be used for batch dif- 
ferential distillation, continuous equilibrium distillation, 
differential and equilibrium dephlegmation, heat trans- 
fer to boiling liquids, heat transferin condensers, heat and 
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material balances, weir box 
and rotameter flow studies. 

By introducing a variety 
of fluid-flow measuring de- 
vices it is possible to start 
all students simultaneously 
on this phase of the labora- 
tory work. This is desirable 
since the classroom work is 
given concurrently with the 
laboratory exercises and 
fluid flow is the first subject 
discussed. Thus, although 
there are only two pieces 
of equipment set up pri- 
marily for fluid-flow studies, 
there are over ten other as- 
semblies which can be used 
for this purpose. Thus, 
orifice and venturi meters, 
nozzles, weirs, rotameters, 
pitot tubes, etc., are cali- 
brated early in the year and 
these calibrations are then 


’ available for further use. 


Although no detailed lar of the equipment 
will be attempted a brief summary of the major items 
available is as follows: flow meters, as above; fluid 
flow apparatus for measuring friction losses in pipes 
and fittings; pumps and fans; double pipe heat ex- 
changer; insulation test apparatus; tubular conden- 
sers; nitrator; basket-type evaporator; throttling 
and barrel calorimeters; simple still; steam still; bub- 
ble cap column (3 inches X 6 feet, 15 plates); packed 
distillation column (2 inches X 6 feet); packed ab- 
sorption column (3 inches X 5 feet); liquid-liquid spray 
type extraction column 3 inches X 5 feet; three-tank 
countercurrent leaching apparatus; plate and frame 
filter press; pressure leaf filter; settling and thickening 
columns; ball mills, coffee mill, hammer mill; com- 
partment tray drier. 


In addition to the above major pieces of equipment, 
testing apparatus is available for special studies such as 
Saybolt Universal and Stormer viscometers, sieves and 
shaker for particle size studies and hydrometers, settling 
tubes and turbidimeter for sub-sieve size studies, refrac- 
tometer, thermocouple potentiometers, Westphal bal- 
ances, etc. 


In spite of the wide variety of equipment and large 
number of experiments which’ can be performed, it has 
been found desirable to limit the number of students to 
12 to 14 per laboratory session. The squad system is 
common in this type of work and we have found 2-man 
squads to work out best. With our small equipment, 
more than 2 per squad could not be kept busy, whereas 
aman working by himself would find difficulty collecting 
data and would miss the desirable experience of being 
part of a team. 


The laboratory work is conducted in the style of an 
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Sedimentation Tubes, Pitot Tube, Reynolds Experiment, Leaching Tanks, Nitrator and Packed Distillation 
Column (from left to right) 


investigation or project rather than in that of a mi- 
nutely prescribed laboratory exercise. It is not intended 
nor possible for each student to work with every piece 
of apparatus except for a few operations such as fluid 
flow and heat transfer which are fundamental to all. 
Instead they are encouraged to give sufficient time and 
attention to make a thorough study of the few experi- 
ments they do attempt. They are also encouraged to 
analyze their problems for themselves and determine 
what variables they will study and what data should be 
collected before they start actual work. Data are 
calculated and plotted during the course of the experi- 
ment whenever possible as an aid in determining the 
amount of information needed and as a check on the 
methods used. 

The students are expected to do as much of their own 
maintenance work as possible when time permits and a 
stock. of tools, pipe fittings, etc., is kept for this purpose. , 

They also are encouraged to use their own ingenuity in 
devising and making changes and additions to the 
equipment when needed for their purposes. 

In conclusion it should be said that too much em- 
phasis cannot be placed upon the organization and writ- 
ing of reports in a course such as this. Mere chronologi- 
cal recitals of procedure and observations are not 
acceptable. It is required that all reports be written 
as though the investigation had been assigned to the 
student as an employee in an industrial firm and that 
he is then reporting to his supervisor and the company 
management. The reports must be concise and com- 
plete but not too wordy, and the purpose and results of 
the investigation and their significance must be clearly 
apparent to the busy executive who is not familiar with 
all the details of the work and to the colleague who is 
interested in all the technical details. 








Symposium on the Teaching of Colloid Chemistry’ 





Tus symposium is dedicated to the late Wesley G. 
France, Professor of Chemistry at the Ohio State Uni- 
versity, who was originally in charge of the plans for 
the program. His untimely death, on December 4, 
1947, was a sudden shock to his many friends and a 
great loss to the branch of science to which he devoted 
his life. In his “Introductory Remarks’ Dr. Elroy 
J. Miller, who presided at the symposium, said: 

“Dr. France’s quarter of a century or more of ex- 
perience in teaching colloid chemistry made him keenly 
aware that this field of chemistry was growing up with- 
out very much unanimity in the manner of presenting 
the subject in courses at different universities dnd col- 
leges; that there was also a widely divergent approach 
to the subject in textbooks, laboratory manuals and 
industrial treatises, as indicated by such titles as 
Kapillarchemie, Colloid Chemistry, Applied Colloid 
Chemistry, Colloidal Behaviour, Colloidal Phenomena, 
The Colloidal Elements, Colloid and Surface Chemis- 
try; and that the definition of a colloid, likewise, has 





1 Presented by the Division of Colloid Chemistry jointly with 
the Division of Chemical Education at the 113th meeting of the 
American Chemical Society in Chicago, April 19-23, 1948. 


* Wesley G. France 


undergone a multitude of changes from the classical one 
of Graham tocharacterization in terms of surface energy. 

“Therefore, the time seemed ripe for a symposium on 
the subject in order to determine where we are in this 
matter and where we should go from here.” 


ATTITUDES IN THE TEACHING OF COLLOID 


CHEMISTRY 


COLLOID CHEMISTRY IN THE 
' TRAINING OF CHEMISTS 


Undergraduate. At the undergraduate level it would 
seem desirable to require at least a one-semester survey 
course as a graduation requirement for all chemists and 
chemical engineers. This can be justified first of all by 
the nearly universal occurrence and frequent controlling 
importance of colloidal phenomena in industrial and 
biological processes. A further consideration is the 
unlikelihood that the average student will be able to 
achieve a satisfactory understanding of colloid chemis- 
try through independent study, in view of the com- 
plexity of the subject matter and the contradictions in 
the interpretations of different authorities. 

Regardless of detail, it is obvious that such a course 
will necessarily be largely descriptive and necessarily 
somewhat dogmatic, although still critical. It should 
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be so designed as to give the student sufficient acquaint- 
ance with the generally important principles, tech- 
niques, and properties of illustrative types of colloidal 
systems to permit him to learn on the job and to recog- 
nize colloidal phenomena when he comes across them, 
or to undertake more serious study of the subject at the 
graduate level. If at all possible, phystcal chemistry 
should be a prerequisite for this course, although only 
one semester rather than a full year may be required if 
it is necessary to service considerable numbers of pre- 
medical students, biochemists, and other marginal 
groups. 

Graduate. At the graduate level colloid chemistry 
should be recognized as a distinctive field in itself in 
which it is possible to specialize for the Ph.D. degree. 
This organization is actually realized at the University 
of Southern California, with three staff members 
directly active in this field, supplemented by two physi- 
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cal chemists and one organic chemist some of whose 
problems are directly of a colloidal nature. It is un- 
satisfactory to treat colloids solely as a branch of physi- 
cal chemistry because of the tendency of most classical 
physical chemists to be so insistent on precise mathe- 
matical formulation that many important colloidal 
phenomena are likely to be neglected, since they are 
insufficiently understood to specify the variables pre- 
cisely enough to make them amenable to successful 
mathematical treatment. It certainly is not classifiable 
under organic chemistry, since by and large it is the 
physical-chemical approach which has led to the present 
rapid rate of development of the subject. 

By its very nature colloid chemistry tends to be a 
bridging science of great importance in most other 
branches. This is one of the difficulties which teachers 
of colloid chemistry must face; their subject tends to be 
cannibalized by its offspring. Topics such as adsorp- 
tion, catalysis, and capillarity are frequently claimed by 
physical chemistry. High polymers and their behavior 
are often regarded as being within the province of or- 
ganic chemistry or chemical engineering. Study of 
proteins, starch, and the like, is often concentrated 
under biochemistry. In the applied fields of chemical 
engineering there is a great tendency to subdivide 
primarily colloidal topics under material groups. Thus, 
at American Chemical Society meetings one frequently 
finds important colloidal papers classified as rubber 
chemistry, or high polymer chemistry, or petroleum 
chemistry. Still, in all these varied instances there is a 
common characteristic which permits identification of 
the given topic as colloid chemistry, 7. e., the dominant 
role of an interface, or of particle size and shape, or par- 
ticle aggregation or orientation. 

It would be desirable to group all these topics to- 
gether and teach them from a unified viewpoint as col- 
loid chemistry, rather than permitting them to become 
important but singular parts of other disciplines. At the 
University of Southern California this has been done to 
a considerable extent by means of a three-semester 
general sequence, together with a seminar and two 
courses in special topics (high polymers and surface 
chemistry). 


OBJECTIVES OF A TWO-SEMESTER GRADUATE 
COURSE IN COLLOIDS 


A course of this type should prepare a student to 
undertake either library or experimental investigation of 
any problem involving colloidal phenomena on his own 
initiative and with a minimum of external direction. 
To further this end the courses! should therefore strive 
to develop the ability to use information rather than 
merely to practice the memory, to promote a critical 
evaluation of the literature and of the results obtained 
or obtainable, to develop skill in the preparation of con- 
cise and critical reports, to emphasize the frontier or 
research aspects of the science, and to develop familiar- 


' This formulation is an adaptation and extension of that pre- 
sented in a report of the American Chemical Society Committee 
on Professional Training, Chem. Eng. News, Jan. 9 (1948). 
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ity with a variety of the more important techniques and 
laboratory instruments. 

Upon completion of this course a student should 
have a critical understanding of. the general laws which 
govern the behavior of colloidal systems. He should be 
acquainted with the properties of important types of 
colloidal systems, and aware of existing difficulties in 
our present theories of their behavior. He should have 
an understanding of, and at least potential ability to 
use, the various important experimental techniques and 
be familiar with the limitations in the results obtained. 
For example, particle size measurements are meaning- 
less without proper control of peptization effects; elec- 
tron microscope photographs cannot be evaluated with- 
out due regard for the influence of the method of prepa- 
ration of samples and the presence of possible artifacts; 
and monodispersity in the ultracentrifuge cannot be 
accepted as proof of the homogeneity of a protein with- 
out confirmation by electrophoresis determinations 
over a range of pH’s. Our hypothetical student should 
therefore have had practice in selecting the various fac- 
tors bearing on a specific problem and in evaluating 
their relative importance. 

As a further accomplishment, one might expect a gen- 
eral acquaintance with several of the currently most 
active fields of investigation within the subject. Here 
one might think of the intensive study of macromo- 
lecular colloids (high polymers) using a battery of physi- 
cal-chemical techniques, of proteins in both the native 
and denatured states (of importance, respectively, in 
immunochemistry and in the study of fibers and plastics 
such as silk, wool, casein, etc.), of the role of colloidal 
electrolytes in problems of detergency, solubilization 
and emulsion polymerization, and of the many investi- 
gations of the relation of colloidal structure to physical 
properties as in the characterization of lubricating 
greases or the relation between clay structure and cata- 
lytic and adsorptive activity. The student should 
understand exactly how colloid science has been applied 
to solve a number of practical problems, so that he 
acquires a feeling for its use as well as a regard for its 
beauty as an abstract subject. Finally, he should cer- 
tainly have cultivated the ability to prepare and present 
intelligible, critical reports on assigned, topics, making 
good use of the pertinent literature. 


MEANS OF ATTAINING THE DESIRED OBJECTIVES 


A primary means for accomplishing the desired end is 
to make extensive use of the literature as an integral 


part of the course. It can be assumed that the student 
will have an acquaintance with the language of the sub- , 
ject and an elementary understanding of the general 
principles from the preliminary survey course. In the 
advanced work, then, it is possible to start at the level 
of selected readings in specialized treatises dealing with 
the various topics taken up. Examples include books 
of the type of Brunauer on Physical Adsorption, 
Schwab, Taylor, and Spence on Catalysis, Adam on 
Surface Chemistry, Svedburg and Pederson on the 
Ultracentrifuge, Mark on the Physical Chemistry of 





High Polymers, the excellent articles in Vols. I-VI of 
Alexander’s monumental work, and a variety of review 
articles in Chemical Reviews, Cold Spring Harbor Sym- 
posia on Quantitative Biology, etc. If necessary, an 
elementary text or combination of elementary texts (we 
use Weiser the first semester and Lewis, Squires, and 
Broughton the second semester) can be used to pull the 
material together and serve as an introduction to the 
more involved treatments. However, the proper spirit 
of a truly graduate course cannot be achieved without 
frequent use of pertinent, significant current articles on 
important topics, which serve to introduce the uncer- 
tainties, the contradictions, and the limitations both of 
the data obtained and of their interpretation. 

Actual laboratory work is absolutely indispensable to 
the proper study of colloid chemistry. It serves in the 
first place to develop an appreciation of the available 

_techniques and a knowledge of how to use them. No 
amount of reading about such topics as coagulation by 
electrolytes, thixotropic properties, activation of ad- 
sorbents .r determination of contact angle can be a 
substitute for discovering by direct personal*experience 
just exactly what is involved in getting a significant re- 
sult. Proper use of laboratory work also serves as a 
useful stimulant of a creative attitude, since it is possi- 
ble to design experiments as minor research problems 
still making a selection such that a broad range of 
instruments and types of measurements are employed, 
and the properties of the more important types of sys- 
tems are illustrated. For example, instead of a con- 
ventional experiment, on adsorption from solution one 
can substitute evaluation of adsorptive power of an 
activated and unactivated clay or charcoal, involving a 
judicious combination of literature recommendation 
and original experiment in choosing activation condi- 
tions, relative quantities of adsorbate and sorbent, 
analytical method, etc. 

Finally, the laboratory work is very well adapted to 
developing skill in presentation of results and in the 
critical use of the literature. This can be effected by 
requiring that the results of experiments be presented 
in the form of a short article ready for publication, with 
adequate presentation of the purpose of the work, the 
technique employed, the results themselves, and their 
significance and correlation with published data and 
interpretations. 


SOME PRACTICAL PROBLEMS 


In the Nature of the Course. The first difficulty here 
is that of striking a proper balance between -adequate 
. breadth of coverage of the whole field and sufficiently 
intensive treatment of each topic. On the one hand it 
is undesirable to omit too many important topics. On 
the other, one can easily try to cover so many sub- 
jects that the course becomes superficial. Rather than 
a facile acquaintance with limited subject matter, such 
as the lists of methods of preparation and typical reac- 
tions memorized by all undergraduate students of 
organic chemistry, it is more valuable to develop an 
understanding of the experimental and theoretical con- 
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siderations which have led to the present concept of 
each topic included. This tends to develop the useful 
characteristic of weighing all the evidence both pro and 
con on each question. 

An an example, it would scarcely be satisfactory 
merely to teach the generalization that coagulation of 
lyophobic colloids is determined by the valence of the 
oppositely charged ion. Instead it would be preferable 
to consider the experimental evidence on limiting con- 
centrations, on the composition of the coagulum, the 
variations in the limiting values of different ions of 
equal but opposite charge to that on the colloid, the 
effect of different ions with the same charge, the data 
concerning replacement of one ion by another in the 
double layer, and finally, the various theories that have 
been developed in an attempt to explain these observa- 
tions with some discussion of the degree of validity of 
each. 

A second problem is that of relative emphasis on 
fundamental principles and on applications of either an 
industrial or biological nature. Most teachers and 
industrialists are agreed that the major emphasis must 
be on generally applicable laws and theories of behavior. 
However, some understanding of how such principles 
have been effectively used in the solution of actual prac- 
tical problems should certainly not be omitted. On the 
one hand a chemical engineer might lecture for a semes- 
ter on plastics and still leave a student ignorant of how 
to control behavior through an understanding of the 
nature of the colloidal structures involved. At the 
opposite extreme a physical chemist might lecture a 
semester on capillarity and surface films and leave a 
student unable to go about solving a problem in bound- 
ary lubrication, and even unaware that such problems 
exist. It is necessary to choose a middle ground between 
these extremes. 

With Respect to Students. One problem here, by no 
means confined to colloid chemistry alone, is that of 
recruitment of high caliber graduate students interested 
in this branch of chemistry. There are fashions in 
science as in dress, and colloid chemistry does not ap- 
pear as glamorous to the average new graduate student 
as nuclear structure or radiochemistry. Moreover, 
most graduating seniars have little or no comprehension 
of the types of problems involved in modern colloid 
chemistry, since their only previous exposure has usu- 
ally consisted merely of a few lectures in a physical 
chemistry course, usually concerned only with the 
physics of colloidal particles and their charge and hydra- 
tion. Under such circumstances it is scarcely surprising 
that they are unaware of the scope of the subject and 
select their thesis problems in other fields. A more 
general requirement of an undergraduate course as a 
graduation requirement would go far toward solving 
this problem. 

A second difficulty is the great resistance of the aver- 
age graduate student—outside the organic field—to 
taking courses involving laboratory work. This is 
probably the reason why colloid chemistry is so often 
given as a lecture course only. The problem is a real 
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one to the graduate student, who is all too frequently 
bedeviled with an elaborate set of requirements to be 
met, and who finds that a laboratory course takes a 
disproportionately large amount of his time. Still it is 
scarcely possible to realize the desired values without 
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putting forth this effort. Possibly this difficulty could 
be surmounted by less attention to formal requirements 
and greater emphasis on mastery of a subject field as a 
measure of the student’s preparation for Ph.D. or 
Master’s examinations. 


REVALUATION OF COLLOID CHEMISTRY IN 
THE LIGHT OF ITS RECENT DEVELOPMENTS 


Exementary colloid chemistry should be taught as 
an integral part of physical chemistry (in so far as it 
represents the science of colloidal state of matter) and 
as an integral part of inorganic and organic chemistry 
(in so far as it represents the science of colloidal ma- 
terial). Colloidal phenomena play a part in almost 
every branch of physical chemistry but they are often 
neglected for the sake of simplification. The teaching 
of molecular kinetics would not be complete without a 
description of Brownian movement, as observed under 
the ultramicroscope, and of the sedimentation equilib- 
rium as observed in the ultracentrifuge. The teaching 
of electrochemistry would not be complete without a 
description of electrokinetics demonstrating electrical 
transfer through electrophoresis, as well as a discussion 
of the Donnan equilibrium, etc. It is justifiable to 
expect to find most of what should comprise the con- 
tents of an elementary text book of colloid chemistry in 
the textbooks of physical chemistry. This would by no 
means eliminate the need for advanced textbooks of 
colloid chemistry and for monographic treatments. 
As long as textbooks and courses of physical chemistry 
do not devote sufficient space and sufficient time to 
colloidal phenomena, colloid chemistry as an indepen- 
dent study remains a requisite for the properly balanced 
| education of the chemist. Textbooks of colloid chemis- 
] try often are used as a source for the pertinent chapters 
of textbooks on physical chemistry and therefore the 
following comments refer to both. 

Some of the earlier enthusiasts of colloid chemistry 
rendered a dubious service to their science by succumb- 
ing to the temptation of over-emphasizing the peculiari- 
ties of colloidal systems. The more modern trend in 
colloid science has been to resolve these peculiarities by 
identifying them as borderline cases of well-known phe- 
homena governed by the laws of physical chemistry. 
This is illustrated by the following examples. 

_(1) Almost the entire huge field of lyophilic colloids 
is being transformed into the chemistry of high poly- 
mers. ‘The high viscosity of the so-called lyophilte 
colloids is explained in terms of the viscosity of linear 
macromolecules in solution. One single rule endeavors 
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to express the influence of the length of the molecule on 
viscosity, beginning with the simplest monomeric com- 
pound with a molecular weight of, say, 60 up to the 
highest polymer with a molecular weight of, say, 6 
million. Deviations of these systems from the rules of 
ideal solutions with regard to freezing point, osmotic 
pressure, etc., are explained in the same terms of 
molecular kinetics as are generally applied to nonideal 
solutions. , 

(2) The behavior of soap and other surface-active 
agents and of dye solutions is explained in terms of 
molecular association of the same type as occurs, though 
to a lesser extent, in ordinary solution. 

(3) The stabilization of hydrosols of metals, hydrox- 
ides, and sulfides is explained by the formation of com- 
plex compounds on the surface of colloidal particles. 
These complex compounds are assumed to be similar to 
those formed in ordinary solutions. 

(4) The influence of polyvalent gegenions upon the 
stability and electrokinetic behavior of hydrosols is 
explained by interionic coulombic forces. Ordinary 
electrolyte solutions exhibit deviations in behavior from 
the classical theory of electrical dissociation as a result 
of the same type of forces. 

An obstacle to the integration of colloidal science 
into physical chemistry would be removed if our text- 
books would not merely mention but would emphasize 
the identity of the fundamental laws governing both 
true and colloidal solutions. While colloid chemistry 
would perhaps thus lose some of its romantic glamour, 
it would gain in reputation as an invaluable pedagogic 
aid for the demonstration of the laws of physical chemis- 
try. At the same time the unhealthy tendency to ac- 
cept the designation of a phenomenon as colloidal for 
an adequate explanation of its mechanism would be 
discouraged. This can be illustrated by the following 
example. 

A phenomenon of textile chemistry of most striking 
impressiveness is the effect of salts on dyeing. In the 
absence of salts, a cellulose fabric in a dye solution 
remains practically white, whereas on the addition of 
salt, the fabric develops its color by extracting the dye 
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almost completely. The suspicion nurtured by some 
workers that the effect of salt in direct dyeing has some- 
thing to do with the coagulation of the colloidal system 
has been rather misleading. The straightforward con- 
sideration of the dyeing equilibrium as a partition of the 
dye ion between two phases, the fiber phase and the 
aqueous solution and the use of some simple assump- 
tions, leads to a mass-action law of the dyeing process 
which completely resolves this old mystery of the salt 
effect. The so-called colloidal nature of the dye solution 
can be clearly defined as a tendency of the dye ions to 
associate at low temperatures and in high salt concen- 
trations. This tendency is only indirectly connected 
with the phenomenon of dyeing and has no causal 
relationship with the salt effect in dyeing. Today the 
salt effect should be recognized as a general phenomenon 
of ionic adsorption. Its principles should be taught not 
only in the courses of textile chemistry but in those of 
colloidal chemistry and even in those of physical chem- 
istry. 

In the foregoing an appraisal was attempted of the 
status of colloid chemistry in the light of recent scien- 
tific developments. Let us attempt now to take inven- 
tory of its present status from an industrial standpoint. 

The widespread industrial importance of colloid 
chemistry is well known. Today we can point to such 
developments as the synthetic rubber industry, proc- 
essing millions of pounds of emulsions daily. There is, 
however, a fact which should be recognized. Among all 
these developments, the typical colloidal systems re- 


& AN OUTLINE OF 


COURSE 


Tue course offered at the University of Pennsylvania 
consists of two lectures a week for one semester. It is 
required for the senior chemists in the Towne Scientific 
School, but it may be elected by other chemistry majors 
and premedical students who have had adequate train- 
ing in physical chemistry. 

Colloidal systems are defined in the introductory 
lecture as polyphase systems in which dimensions and 
shape cause certain properties to be displayed. It is 
pointed out that the study of colloid chemistry involves 
consideration of the behavior of matter in a finely divided 
form and the phenomena associated with interfaces. 

The course is divided into three parts: I. Colloidal 
Suspensions; II. Surface Chemistry; III. Miscellane- 
ous Colloidal Systems. 


PART I. COLLOIDAL SUSPENSIONS 
Particle Size and Associated Properties. The subject 
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mained, with exceptions, devoid of commercial signifi- 
cance. Those systems which did gain importance are: 
(1) the systems of emulsions and suspensions; (2) 
micellar systems which border on ordinary solutions, 
namely, soaps, surface active agents, and dyes; and 
(3) the high polymers. Such typical colloid systems as 
colloidal gold remained, from an industrial standpoint, . 
a laboratory curiosity even though it is used in medicine 
for diagnostic purposes. It appears at present that the 
significance of the typical colloidal systems is their ideal 
suitability for serving as models to demonstrate the 
laws of physical chemistry (observation of the Brown- 
ian movement under the ultramicroscope, of electrical 
transport through electrophoresis), and as subjects for 
the analytical study of the chemical composition of the 
interface. 

The classical definition of colloidal systems is based 
on a particle size of 0.001 to 0.1 of a micron. It appears 
that this definition extends too low into the molecular 
domain. At the upper limit, however, emulsions con- 
taining particles as large as half a micron or even several 
microns behave like colloidal systems and should be 
studied as such. 

Colloid chemistry describes and explains the phe- 
nomena for which interfaces are mainly responsible. 
By recognizing the limits of its scope and by acknowledg- 
ing its true relationship to the mother science, physical 
chemistry, both its practical usefulness in industrial 
processes and its contribution to the understanding of 
the behavior of matter will be further enhanced. 


A COLLOID CHEMISTRY 
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of colloidal suspensions is introduced with emphasis on 
particle size. The values 1 » to 200 u are indicated to be 
flexible limits of the colloidal range. 

Several characteristics of colloidal suspensions may 
be associated with particle size. Light scattering (Tyn- 
dall phenomenon) is cited as an example. Other illus- 
trations are drawn from the molecular-kinetic proper- 
ties of suspensions. Brownian movement and the slit 
ultramicroscope are discussed in this connection. Top- 
ics such as sedimentation, molecular weight and colli- 
gative properties, dialysis, and the Donnan equilibrium 
are also included. Approximately four lectures are 
devoted to the above. : 

Classification of Systems. Colloidal suspensions are 
classified into hydrophobic and hydrophilic systems on 
the basis of measurable properties. Among the latter 
are viscosity, stability toward electrolytes, reversibility 
on evaporation, and magnitude of the critical potential. 
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Irregular Series With fe,0, Sols 
Five minutes after preparation 
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After 24 hours 
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Figure 1 














Colloidal gold sols and gelatin sols are representatives 
of the two classes but the properties of many systems do 
not permit sharp classifications. 

It is indicated that the degree of hydration cannot be 
evaluated experimentally and that when measureable 
properties are considered the ‘“‘hydrous’’ oxides may be 
treated under the heading of hydrophobic sols. 


Hydrophobic Sols 

Preparation. Emphasis is placed on the preparation 
of the hydrous oxides and colloidal salts by hydrolysis 
and metathesis. The mechanism of particle formation 
by condensation polymerization is extended to a dis- 
cussion of the formation of silicone polymers. 

The application of synthetic exchange resins to the 
preparation and purification of colloidal systems is 
included in this section. 

Determination of Particle Size. The various methods 
are enumerated for the determination of the size of 
colloidal particles. 

Electrical Properties. This section consists of a dis- 
cussion of the origin of the ‘electric charge and of 
electrokinetic phenomena. The measurement of elec- 
trophoresis and the effect of electrolytes on the mobility 
are stressed. 

Coagulation. 
trolytes is dealt with at considerable length. Experi- 
mental methods and sample data are presented with the 
objective of aiding the student in gaining an intelligent 
approach to the problem. It is indicated that there is a 
close parallel in the ability of a given electrolyte to 
decrease the mobility of the particles and to produce 
coagulation. It has been found with many systems that 
it is not necessary to decrease the mobility to zero in 
order to induce coagulation. The critical mobility, at 
which coagulation occurs, differs for different sols and 
is greater for hydrophobic systems than for hydrophilic 
ones. The critical mobility for a given system is lower 
with electrolytes containing polyvalent coagulating 
ions than with 1:1 type electrolytes which cause coagula- 
tion only at relatively high concentrations.’ . 


| Brrags, D. R., J. Phys. Chem., 34, 1326 (1930). 





The subject of coagulation with elec- - 
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The irregular series in coagulation is used to illustrate 
the striking effects which may be observed in colloid 
systems with low concentrations of electrolytes under 
favorable conditions. The example chosen is the be- 
havior of colloidal iron oxide with electrolytes contain- 
ing strongly adsorbable ions of opposite sign, e. g., 
K,4Fe(CN). and NaePsO;s._ The addition of an electro- 
lyte of the above type to the iron oxide system eventu- 
ally results in the occurrence of two zones of stability 
and two zones of coagulation. The students, who have 
had no laboratory experience with this phenomenon, 
are likely to get the idea that the recharging of the 
particles consists of two steps, viz., the precipitation of 
iron oxide and then the peptization of the precipitate. 
The diagram shown in Figure 1 is used to prevent this 
misconception. Data are included to show that the 
first coagulation zone is narrow (a fact contributing to 
its being overlooked frequently), and the second sta- 
bility zone is of the order of 10° times as broad as the 
first stability zone. At concentrations of the phosphate 
and ferrocyanide, which are just under the minima 
needed for complete recharging, the iron oxide is par- 
tially coagulated. The coagulation is not general, 
however, but is confined in the early stages to the liquid- 
air interface as indicated in Figure 2. This phenomenon 
in which the bulk of the system is stabilized with a 
negative charge and the surface is coagulated has been 
observed repeatedly in our laboratory during the re- 
charging of iron oxide sols with potassium ferrocyanide 
and various phosphates and silicates. It is reported now 
for the first time, it is believed. It appears to be an 
example of negative adsorption in which the surface has 
a lower concentration of polyvalent negative ions than 
the bulk of the system. In the latter case a sufficient 
concentration of the electrolyte is present to stabilize 
the recharged system. 

The formulation of mechanisms of coagulation is one 
of the aims of this section. Data are presented to show 
that the different behavior of electrolytes of the potas- 
sium chloride type is not confined to their high critical 
mobilities but is shown also in coagulation experiments 
with sols of different concentrations where a marked 
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increase in flocculation values with dilution of the sol is 
observed. Likewise, data are included for the precipita- 
tion of negative sols by mixtures of electrolytes where 
it may be seen that potassium chloride, at concentra- 
tions below its flocculation value, sensitizes the sols 
toward polyvalent ions. These effects are correlated 
with the fact that ions of the potassium and chloride 
type are poorly adsorbed.? Under such conditions 
coagulation can occur only at relatively high concentra- 
tions of electrolyte and is due to compression of the 
electric double layer. A different mechanism applies, 
however, to coagulation with polyvalent ions. In the 
latter case the ions are adsorbed and the electric charge 
is decreased correspondingly. Since this effect occurs 
at a low concentration of added electrolyte, the ionic 
atmosphere is diffuse. Accordingly, the electric mo- 
bility must be reduced to a low value before coagulation 
occurs. 

Mutual coagulation is discussed briefly. 

The section on Hydrophobic Sols, comprising nine or 
ten lectures, is concluded by pointing out that studies 
of the above type with iron oxide may have certain 
implications concerning the corrosion of iron. 


Hydrophilic Systems 


The section on hydrophilic systems consists of four 
lectures and is divided into two parts. The first treats 
the general characteristics of the systems such as vis- 
cosity, stability behavior, salting out, the lyotropic series, 
and protective action. Certain complex carbohydrates, 
proteins, and linear polymers are employed in the illus- 
trations. 

The second part is devoted to proteins. The classifi- 
cation, structure, and certain physical properties of 
proteins, e. g., molecular weight and electrophoretic 
behavior, are discussed briefly. 


PART II. SURFACE CHEMISTRY 


Interfacial Tension, Spreading and Films. The origin, 
2 HazeE., F., J. Phys. Chem., 45, 747 (1941). 
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measurement, and factors affecting the interfacial ten- 
sion and surface energy are discussed. Capillary rise, 
maximum bubble pressure, and ring methods of measur- 
ing surface tension are considered. This section is con- 
cluded with a discussion of the contact angle, wetting 
and spreading, and films. The treatment of these sub- 
jects follows that given in standard test.* Approxi- 
mately three lectures are allotted to the above. 

Adsorption at the Solid-Liguid and Solid-Gas Initer- 
faces. Three lectures are devoted to a discussion of 
adsorption at the solid-gas and solid-liquid interfaces, 
The experimental determination of adsorption is de- 
scribed. The students are given an, exercise in the 
evaluation, by the method of least squares, of data 
taken from the literature. “Various adsorbents are con- 
sidered but the emphasis is placed on charcoal. The 
effects of several factors on adsorption are listed. The 
subjects of chemisorption and capillary condensation 
are discussed briefly. 


PART III. MISCELLANEOUS COLLOIDAL SYSTEMS 


Soaps and Colloidal Electrolytes. The measurement 
and factors affecting critical concentrations of colloidal 
electrolytes are discussed briefly. The relationship of 
colloid formation to solubilization and detergency is 
indicated. Current literature is used as the source of 
the material.* 

Emulsions and Foams. The treatment of these sub- 
jects follows that found in standard texts.* The im- 
portance of adsorption and the principles of surface 
chemistry as applied to the systems is stressed. 

Gels. The preparation and properties of a few inor- 
ganic and organic gels are considered. Plastic flow is 
discussed in this section. 

Four lectures are devoted to the material in Part III. 


3 Weiser, H. B., “Colloid Chemistry,” John Wiley & Sons, 
Inc., New York, 1939; Lewis, W. K., L. Squires, anv J. BrouGu- 
TON, “Industrial Chemistry of Colloidal and Amorphous Mate- 
rials,’’ The Macmillan Company, New York, 1943; N. K. Apaw, 
“The Physics and Chemistry of Surfaces,’’ Oxford University 
Press, London, 1942, 

4 Preston, W. G., J. Phys. and Colloid Chem., 52, 84 (1948). 





© THE CONTENT OF A COURSE IN COLLOID 


CHEMISTRY 


J. L. SHERESHEFSKY 


Tue colloid chemistry courses offered in our colleges 
and universities, unlike introductory courses in other 
fields of chemistry, differ from each other in many 
respects. This becomes immediately evident upon 
reading the descriptions of these courses in the bulletins 
and catalogs of the representative schools. There are 
considerable differences to be noted with respect to 


: Howard University, Washington, D. C. 


such minor aspects as time, credit hours, and whether 
laboratory work is integrated or separate. But there 
are also evident differences in purpose, level, and con- 
tent. 

In most institutions the subject of colloid chemistry 
is framed into a course of one semester, two hours 4 
week, or the equivalent of one term, three hours a week, 
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devoted to lecture or discussion. Next in frequency are 
the schools in which the courses are given in one semes- 
ter, three hours a week, or the approximately equivalent 
of two quarters, two hours a week. There are only a few 
institutions in which the subject of colloid chemistry 
merits a full year’s work, either in two semesters, or 
three quarters, two hours a week. In a few instances, 
in addition to the introductory course there are offered 
separate courses in more specialized branches of colloid 
chemistry. 

The laboratory courses are usually flexible, allowing 
for variation in the extent of practical work. This prac- 
tice is presumably due to the heterogeneity of the stu- 
dent group attracted to these courses and aims to serve 
the needs of the individual student. However, the 
instances in which laboratory work is either integrated 
with the course or given separately are very few indeed. 
It would seem that instruction in colloid chemistry in 
the American colleges and universities is mainly in the 
form of lectures, discussions, and seminars. 

Greater uniformity is to be observed in the required 
preparation of the students admitted to these courses. 
Only in one or two instances, where the courses were 
specifically for undergraduate or premedical students, 
were the prerequisites limited to two and a half or three 
years of chemistry. Most institutions, however, em- 
phasize that the courses are for the advanced under- 
graduate or graduate student or both, and in general 
require as prerequisites the equivalent of four years of 
chemistry including physical, at least one year of phys- 
ics, and mathematics through calculus. 

With respect to content and level of instruction there 
are two distinct types of courses, differing mainly in the 
emphasis placed on the study of boundary phenomena 
and related subjects. 

The courses as given in most schools are in general 
limited to a survey of the properties of lyophobic and 
lyophilic systems and their application to industry, or 
biology and medicine.. The topics commonly included 
in these courses are: methods of preparation; osmotic 
properties; optical properties; electrical properties; 
stability; lyophobic colloids; lyophilic colloids; emul- 
sions; gels; smokes and dusts. 

Boundary conditions are treated on an elementary 
level, mostly on a qualitative basis and to the extent 
required in the explanations of the behavior of the 
colloidal phenomenon under consideration. 

It is rather remarkable that such basic phenomena as 
surface tension, electrical properties of surfaces, and 
adsorption—which are generally the standard founda- 
tions of the science, are treated on a level not higher 
than accorded them in an elementary treatise on physi- 
cal chemistry. 

The other type of colloid chemistry course is not very 
common. It is being given in relatively few institutions. 
It differs from the type just discussed in that it empha- 
sizes the treatment of the boundary phenomena as the 
foundation for the understanding of the behaviox of 
colloid systems. 

This type of course treats, in general, the same topics 
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as enumerated above, but only after an extensive study 
of surface and interfacial phenomena. 
The writer of these remarks has given this type of 
course for a number of years at irregular intervals. The 
topics discussed in this course include the following: 


I. The Liquid-Gas Surface 


Surface tension phenomenon 
Theories of surface tension 

Methods of measuring surface tension 
Surface tension of pure liquids 
Surface tension and temperature 
Total surface energy 

Surface tension and vapor pressure 
The capillary phase 


II. The Solution-Gas Surface 


Types of surface tension-concentration curves 

Surface tension of aqueous solutions of salts, acids, and 
bases 

Surface tension of aqueous solutions of organic com- 
pounds 

Surface tension of solutions in organic solvents 

Theories of surface tension of solutions 

Adsorption at the surfaces of solutions 

Structure of the capillary layer 

Equation of state of soluble films 

“TII. The Liquid-Liquid Interface 

Interfacial Tension 

Methods of measurement; temperature effect; chemi- 
cal constitution; adhesion and cohesion; spreading 

Interfacial tension of solutions 

Adsorption 
Method of measuring; adsorption isotherm 


IV. The Solid-Gas Surface 
The nature of solid surfaces 
Surface energy of solids 
Adsorption 
General; heat of absorption; theories of adsorption; 
methods of measuring; particle size determination 
Contact catalysis 
V. The Solid-Liquid Interface 
Interfacial tension 
Direct method; solubility method 
Displacement of liquids 
Wetting; contact angle; applications 
Adsorption from solutions 
Methods of measuring; theories of adsorption; 
dilute and concentrated solutions 
Adsorption of ions 
Lyotropic series; preferential adsorption; ion ex- 
change * 
Adsorption analysis 
Method; theory; applications 


VI. Monomolecular Films 
Spreading and orientation 
Types of films 
Methods of measurements 
Structure of molecules in films 
Films on solid surfaces 


VII. Electrical Properties of Surfaces 
Electrical nature of surfaces 
Electrical double layer; contact potentials 
Surface tension and electrical polarization 
Electrokinetic phenomena 
Electrophoresis; electro-osmosis; streaming poten- 
tials; sedimentation potentials 


VIII. Physics and Chemistry of Colloids 
Colloidal systems 
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Dispersion; aggregation; colloidal dimensions; the 
colloidal state; types of colloidal systems 
Suspensoids 
Preparation; physical properties; optical properties; 
electrical properties; purification 
Stability and coagulation 
Emulsions 
Emulsifying agents; theories; types; breaking emul- 
sions; foams 
Emulsoids 
Physical properties; electrical properties; stability; 
osmotic phenomena; protein sols ; 
Gels 
Classification; optical properties; swelling; synere- 
sis; thixotropy; Liesegang phenomenon 
Aerosols 
Clouds, dusts and smokes; physical, optical and elec- 
trical properties; stability and precipitation 


IX. High Polymers 
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Types of high polymers 

Thermodynamic properties of macromolecules 
Viscosity of macromolecules in solution 
Diffusion and sedimentation 


This course was designed primarily for students of | 


chemistry who have adequate preparation in organic 
and physical chemistry, physics, and mathematics, 
Because of the high prerequisites, only advanced under- 
graduates or graduate students are admitted to this 
course. 

The course also stresses the application of physical 


‘chemistry, 7. e., the kinetic and thermodynamic methods 


in the elucidation of colloidal systems. Colloid chemis- 
try is here regarded not as a chapter in physical chemis- 
try, but rather as a broad field of knowledge with many 
facets and ramifications upon which the proved methods 
of theoretical chemistry can be profitably applied. 


e WHAT AN INTRODUCTORY COURSE AND 
TEXTBOOK ON COLLOID CHEMISTRY 


SHOULD OFFER’ 


ERNST A. HAUSER . 


Massachusetts Institute of Technology, 


Cambridge, 


Massachusetts 


An irropuctory textbook on, and an introductory 
course in, colloid chemistry must first of all explain to 
the reader or student, respectively, what the term actu- 
ally implies. This is considered necessary because when 
one speaks of colloid chemistry today, one is talking of 
a branch of natural science far more embracing than 
when Thomas Graham coined this word. It is par- 
ticularly important because the original meaning has too 
frequently been misunderstood or misinterpreted. 

To accomplish this it seems most logical to start by 
offering an historical review of publications which ap- 
peared before Graham introduced the term colloid into 
scientific literature. Such an approach would also serve 
another purpose, namely, to prove to.the reader or 
student how important a solid foundation in humanities, 
and especially history, is for anyone who wants to be- 
come a progressive scientist (1). In the case of colloid 
chemistry, it will also serve the purpose of proving how 
correct the British physician, Sir William Qsler (1849- 
1910), was in his following statement: “In science the 
credit goes to the man who convinces the world, not to 
the man to whom the idea first occurs.” ; 

To discover how true these words are, it is only neces- 
sary to compare the most pertinent passages of a paper 
written by Francesco Selmi in 1847 (4) and those to be 





1 This paper is based on the forthcoming second edition of 
the author’s book, ‘Colloidal Phenomena,” published by Mc- 
Graw-Hill Book Co., Inc., New York. 
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found in Thomas Graham’s classical publication of 
1861 (2). Selmi had this to say: 


Speaking of solution I have noted that it occurs whenever a 
body, hard, soft, or liquid, unites with a liquid substance without 
strictly combining with it, and diffuses in it uniformly .... 
In the emulsions, on the other hand, I have shown that the body 
dispersed in the vehicle is less divided and comminuted than it is 
in solutions, since it exists there in the form of globules or frag- 
ments of sufficient size to be visible in a: powerful microscope. 

There is, however, a special type of association which stands 
midway between solution and emulsion, because the body dwell- 
ing in the vehicle by its complete transparency would induce one 
to believe that it is dissolved, whereas, on the contrary, it is dis- 
persed therein in flakes, vesicles, or other shapes. Alumina and 
silica offer us remarkable examples of this, since they, when hy- 
drated and of recent origin, remain expanded in the liquid in 
which the reaction took place which separated them from the 
other body with which they were chemically combined; mean- 
while they do not deprive it of transparence nor render it vis- 
cous or mucilaginous. But after some time, not many days, 
they contract and separate gradually, with the appearance of in- 
soluble precipitate—an effect which shows itself more rapidly on 
addition of a soluble salt in certain quantities, or of other reagents. 
The spontaneous separation of alumina and silica from the 
medium, the precipitation induced by salts prove clearly that 
they do not exist therein in a state of truesolution. But how isit 


‘that alumina and silica, while remaining incorporated with the 


liquid, do not render it opaque and turbid, or at least impart to it 
some slight degree of opalescencet The reason lies in the peculiar 
qualities of finely divided alumina and of swollen and gelatinous 
silica, because, when they are at once examined in the light, 
it may be observed that they do not allow the entire pencil of 
rays to pass, without abstracting part or decomposing it, as do 
transparent bodies. 
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Pseudo-sélution, or false solution, then, is that special mode of 
combination between a hard or soft body and any liquid, in 
which the former expands in the form of minute flakes without 
affecting the transparence, and can be easily separated by soluble 
foreign matter introduced into the liquid afterwards, 


Fourteen years later, Thomas Graham read a paper 
on “Liquid Diffusion Applied to Analysis’ before the 
Royal Institute and therewith started that branch of 
nitural science today known as Colloid Chemistry. 
The following sentences are taken from the publication 
of his address (2): 


The comparatively ‘‘fixed” class, as regards diffusion, is rep- 
resented by a different order of chemical substances, marked 
out by the absence of the power to crystallize, which are slow in 
the extreme. Among the latter are hydrated silicic acid, hy- 
drated alumina and other metallic peroxides of the aluminous 
class, when they exist in the soluble form. Although often 
largely soluble in water, they are held in solution by a most feeble 
force. The plastic elements of the animal body are found in this 
class. As gelatine appears to be its type, it is proposed to 
designate substances of the class as colloids, and to speak of their 
peculiar form of aggregation as the colloidal condition of matter. 
Opposed to the colloidal is the crystalline condition. Substances 
affecting the latter form will be classed as crystalloids. ... 


Selmi, however, did not antedate only Graham in 
describing certain properties of alumina and silica, but 
also Michael Faraday by pointing out that light passing 
through such solutions is in part abstracted. 

Cqurses in colloid chemistry, and particularly intro- 


ductory ones, should be illustrated by as many lecture’ 


demonstrations as possible. In the discussion of the 
history of colloid chemistry, Weimarn’s law of precipi- 
tation should be demonstrated. Studying the reaction: 


MnSO, + Ba(CNS)2 + water = Mn(CNS)2 + BaSO, + water 


he found that when using sufficiently high concentra- 
tions the BaSO, was precipitated in the form of a jelly, 
whereas in great dilutions extremely small insoluble 
crystals were formed in suspension. 

In the summary to this first important experimental 
contribution (6), we find these statements: 


The so-called colloidal, amorphous and crystalloidal states 
are all together universal (possible) properties of matter. . . 
Generally speaking, it follows from these investigations that 
colloids and crystalloids are by no means two special worlds but 
that there exist close relations between themselves as well as be- 
tween them and the gaseous and liquid states of matter. 


Here again Sir Osler’s words come into their right. 
The idea that colloids are nothing specific but a state 
of matter, just as crystals are, was first conceived by 
Weimarn, but the credit hasgoneto Wo. Ostwald, whoten 
years later in his book, “The World of Neglected Di- 
mensions” (3), stated that the colloidal condition is a 
generally possible state of matter, and that any sub- 
stance can be brought into the colloidal state or condi- 
tion. 
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With this as a basis, a modern textbook should also 
offer as simple an explanation as possible why the fol- 
lowing statement, made by another pioneer in Colloid 
Chemistry, Raphael Eduard Liesegang, is today as 
true as in the days it was written. 


Generalization is one of the goals of science. It can, however, 
be very dangerous, because it might lead to a feeling of security 
where it is not warranted. This is especially the case when deal- 
ing with colloids, because their properties cannot be explained by 
simply applying to them the basic and generally accepted laws of 
chemistry. 


This must be done in such a way that the reader comes 
to realize more and more that colloid chemistry actually 
is the chemistry and physics of surfaces and their com- 
position and that the properties of matter in the col- 
loidal state and the phenomena characteristic for it are 
primarily due to the preponderance of surface over 
volume. Drawing attention to the chemical unsatura- 
tion of ions located in the surface of matter as compared 
to those located in the interior will materially assist in 
explaining why most properties of colloids cannot be 
harnessed into rigid mathematics. 

Thereafter, an introductory text should cover in a 
general way such basic topics as production of colloidal 
systems, protection, surface and interfacial tension, 
electrokinetics, dispersion, adsorption, gelation, and 
coagulation. This should then be followed by at least 
one chapter devoted exclusively to a brief, but neverthe- 
less precise, discussion of the most important industrial 
applications, as for example catalysis, solvent recovery, 
paper production, rubber latex, ceramics, soil conserva- 
tion, paper and paint industry. Finally, the textbook 
should acquaint the reader, preferably in an appendix, 
with the most important tools used in colloid chemical 
research, as for example, the various types of ultra- 
microscopes, electron microscope, dialyzers and elec- 
trodialyzers, viscosimeters, surface- and _ interfacial 
tensiometers, and x-ray diffraction techniques. 

Courses based on such a textbook must be so or- 
ganized that the student is given a chance actually to 
observe what he should remember, because colloid 
chemistry is that branch of natural science which, more 
than most others, needs enthusiasm to become truly 
devoted to it, and generally you will hesitate to believe 

something you cannot see. 
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‘ THE TEXTBOOK OF COLLOID CHEMISTRY— 
EVALUATION OF AN IDEAL 


ROBERT B. DEAN 
University of Oregon, Eugene, Oregon 


In sprre of the obvious and necessary differences of 
opinion among the teachers and students who are going 
to use the textbook, I will nevertheless venture to sug- 
gest one criterion of ideality for a textbook: that it 
prepare the student so that he is able to understand the 
current developments in the subject. Since both writ- 
ing and publishing a book take time, this means that the 
author must anticipate by at least three or more years 
the character of new developments in the field. There 
should be little doubt that a textbook which in a sense 
anticipates the future would be highly desirable and I 
propose in this paper to discuss some of the methods 
which may be used to approach this ideal. 

Colloid chemistry (and colloid chemists) have been in 
bad repute ever since the physical chemists started to 
make accurate predictions about simple systems. Col- 
loid chemists are still criticized for the messiness of their 
systems (“After all, who wants to work with a sticky 
tar?”’); and for the incomprehensibility of much of the 
literature on the subject. 

The reasons for this unhappy state of affairs are not 
hard to find. In the days when physical chemists were 
first describing the behavior of ideal and nearly ideal 
dilute solutions, and organic chemists were proving the 
structure of the simpler crystallizable substances, the 
colloid chemists were left with all the systems which 
nobody else could explain. It was, and frequently still 
is, convenient to toss aside an unexplainable observation 
with a reference to colloids and promptly forget about 
it. When McBain began his now classical physical- 
chemical measureménts on soaps and asserted that pure 
soaps were actually in equilibrium and obeyed the laws 
of real molecules, his assertions were treated as non- 
sense. 

Colloid chemistry has suffered from having been 
- started toosoon. It started out in much the same posi- 
tion as many a biological science because the basic 
physical and organic chemistry necessary for an ade- 
quate understanding of colloidal systems was unknown. 
Even today we recognize in many of the biological 
sciences a complexity that precludes for the present any 
interpretation of, for example, the behavior of a monkey 
in terms of its constituent molecules. The relatively 
uncoordinated literature and confusing jargon of colloid 
chemistry, which is a result of its early history, have 
also contributed to the unpopularity of colloids. 

At the present time certain branches of colloid chem- 
istry are rising out of the morass and are becoming 
relatively respectable. That is to say that it is at last 
possible to give rational interpretations of the behavior 


of some of the more reproducible systems in terms of 
the laws of the rest of chemistry. 

This clarification has come about as a result of two 
converging trends. In the first place, colloid chemists 
have begun to work with pure systems as free as pos- 
sible from unknown contaminants. In the case of the 
soaps mentioned before, this has made possible a high 
degree of reproducibility and a logical interpretation of 
the behavior with a minimum number of assumptions. 
In the second place, the theoretical chemists have de- 
veloped their methods to the point where it is possible 
to account for the behavior of very long molecules in 
terms of the probability of finding its segments in any 
given configuration. This has made possible the first 
tenable explanation of the elasticity of rubber and has 
proved of great value in accounting for the behavior of 
solutions of high polymers. 

A textbook of colloid chemistry should, therfore; lay 
stress on those aspects of the subject in which significant 
advances have been made, and in general pay most at- 
tention to the parts which are best understood. Even 
a good student will retain only a fraction of the ideas to 
which he is exposed and it is certainly desirable that he 
retain accepted hypotheses rather than wild specula- 
tions or totally unrelated oddities. 

It would be unfair to all concerned to carry the fore- 
going criteria so far that only the well understood phe- 
nomena were presented and all inexplicable facts were 
suppressed. The territory of colloid science is still 
largely unexplored and one of the joys of work in this 
field is just the fact that the wilderness is so close on all 
sides. However, a logical presentation of basic colloid 
chemistry would be improved by the omission of incom- 
plete or contested explanations, especially those which 
are not in terms of the laws of physical and structual 
organic chemistry. 

There are several basic concepts which have been 
most useful in advancing our knowledge of colloids, and 
which deserve a prominent place in any colloid textbook. 
One of these concepts is that the attractive forces be- 
tween molecules are to a first approximation the sum of 
the forces between the atoms which are in contact. 
The physical basis of this concept is to be found in the 
laws of attraction between atoms. For nonpolar mole- 
cules the force of attraction between any two atoms 
decreases as the inverse seventh power of the separation, 
so that the force of attraction decreases to less than one 
per cent of its original value when the distance between 
the atomic centers is doubled. Even strongly polar 
molecules such as HCl have little attraction for one 
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another when separated by a mean molecular diameter. 


As a result of this simplification it is possible to predict . 


the behavior of a wide diversity of colloidal phenomena 
in terms of the shape of the molecules. For practical 
purposes one can make use of the excellent sets of 
Stuart type atomic models commercially available. 
These sets permit one to construct reasonably accurate 
models of most molecules. 

Among the phenomena which have been interpreted in 
terms of the size and shape of the constituent molecules 
are the behavior of adsorbants, catalysts, solvents, 
plastics, fibers, rubbers, and clay minerals. A classical 
example is the explanation by Meyer and Mark of the 
difference in the behavior of the cis and trans isomers of 
polyisoprene which are evidenced in the contrasting 
properties of the plastic gutta-percha (cis) and natural 
rubber (trans). 

Another, and older, concept which has proved of 
fundamental value, is that any rigid particle in solution 
regardless of its size behaves like a molecule and obeys 
the laws of physical chemistry. This concept, -first 
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‘ proved experimentally by Perrin, made possible the 


brilliant work of Svedberg and others in determining the 
size and shape of the soluble proteins. Some workers 
have found it profitable to consider the possible indepen- 
dent vibrations of different segments of long chain mole- 
cules, as in more concentrated systems such as rubber. 

Finally, I would make a plea for the inclusion of some 
of the more practical aspects of this ubiquitous subject. 
Only a small fraction of the students who take chemistry 
find permanent academic employment, and it is only 
fair to present examples of a few of the useful attain- 
ments of colloid chemistry. This is, of course, most 
valuable when the useful practice has a sound theoreti- 
cal basis. For example, no discussion of aerosols would 
be complete without a description of the Cottrell elec- 
trostatic precipitator. 

In conclusion I would say that I think a textbook of 
colloid chemistry should present the subject as an 
actively growing branch of real chemistry, intimately 
related to and dependent upon the branches of physical, 
organic, and inorganic chemistry. 


© THE PLACE OF COLLOIDS IN THE CHEMISTRY CURRICULUM 


Tue field of colloid chemistry must be recognized 
today as one of the special subjects of physical chemis- 
try such as kinetics or electrochemistry. As such it 
ought never to be given until the student has had the 
basic one-year course in physical chemistry. As this 
basic course is now taught in most of the American uni- 
versities and colleges it is impossible to devote more 
than a lecture or two to the subject of colloids. It 
therefore becomes important to offer a course in the 
fundamental principles of colloid or surface chemistry 
to both graduate and undergraduate students who 
have completed the basic course in physical chemistry. 

A course which stresses the basic principles of surface 
chemistry can be completed in one quarter of three lec- 
tures per week or in one semester of two lectures per 
week. Such a course should stress the mathematical 
development of the physics and chemistry of surfaces. 
Unless the student is able to grasp some of these funda- 
mental problems he will only have a superficial and 
qualitative grasp of the subject. The field of colloid 
chemistry still leaves much to be desired in terms of 
exact mathematical laws so that the student should be 
carried as far as possible along such lines. Too much 
of the colloid chemistry taught in this country is pre- 
sented on an emperical basis. 

This first basic course in colloids should only be given 
in as short a time as one quarter or semester if succeed- 
ing specialized courses are offered. If they are not 
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offered, a one-year course will be found most desirable. 

Following the one-quarter or one-semester course in 
the general principles of surface chemistry the student is 
usually ready for work in such subjects as adsorption 
and catalysis, colloidal processes, bio-colloids, polymers 
and polymerization, and colloids in industry. These 
subjects cannot be adequately given without a thorough 
knowledge of both physical chemistry and the physics 
and chemistry of surfaces. If possible, these specialized 
courses should be given by those working in the respec- 
tive fields. Certainly the work in bio-colloids would be 
of little interest to the students should the instructor 
have almost no experience in this fascinating phase of 
the subject. .Here is one area of science where the 
physical and biological sciences meet and mutually aid 
each other in the soluing innumerable complex problems. 

In these days of atomic energy, spectroscopy, and 
molecular and atomic structure it is important that the 
student be introduced to that branch of physical chem- 
istry which is so important in such fields as polymeriza- 
tion and catalysis. It is also of the greatest importance 
that such courses be given to some students who have a 
real interest in that area of science which is bridging 
the gap between the physical and biological sciences. 
Here it is that students who have a grasp of the funda- 
mentals of colloid science may well open whole realms of 
new material, material which may do much to enlighten 
science as to the mysteries of life. 





# INDUSTRIAL REQUIREMENTS OF COURSES IN 
COLLOID CHEMISTRY 


Txose of us whose interests in this branch of chemis- 
try go back a few years have a sense of satisfaction in 
seeing this ‘world of neglected dimensions” gradually 
win recognition as an essential element in so many 
industrial processes. Today is the day of the gunks, 
goos, resins, and messes, when whole industries are 
built upon the residues which the chemist of yesterday 
discarded when he found them impossible to crystallize, 
and upon new materials unimagined in the neat worlds 
of organic and inorganic chemistry. Twenty years ago 
many of us justified our interest in colloidal systems by 
pointing out their many applications to practical affairs, 


as Jerome Alexander has done so effectively in his. 


classic compilations. Today that is no longer necessary ; 
indeed, it is difficult to find industries in which some 
aspects of colloid chemistry are not fundamental to 
successful operation. 

In spite of a growing recognition of the need for more 
explicit training in colloidal techniques and phenomena 
it is still true that few industrial laboratories have pro- 
ceeded to the setting up of colloid divisions, and indeed 
many universities get along without giving this field 
explicit or extensive attention. We must sympathize 
with deans and committees faced with all manner of 
pressures for special courses, more humanities, more 
math, more physics, and the other suggestions—each 
good in itself, but all adding up to an intolerable burden. 
Under the circumstances most institutions will compro- 
mise and select a young teacher in the physical chemis- 
try group who will undertake to give the best course he 
can in the time allotted. Generally, students in such a 
course will be graduate students or juniors or seniors 
with considerable background in chemistry and physics. 
Depending on the department and teacher, the course 
will be largely qualitative, theoretical, and especially 
concerned with hydrophilic and biological systems, or it 
will emphasize mathematical relationships, hydropho- 
bic systems, and phenomena of industrial significance. 
The final criterion of any course is found only in, “How 
well does it serve its students in solving the actual prob- 
lems they face in later years?” It has always appeared 
regrettable that most medical students completely 
avoid any real contact with or understanding of col- 
loidal systems, and then spend their lives and ours try- 
ing to maintain dynamic equilibria in the most im- 
portant colloidal systems in the world—you and me. 


THE TEACHER 


If any course in colloid chemistry is to fulfill its func- 
tion, the prime requirement is an effective teacher. 
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This will need no emphasis for the many of you who 
have had contacts with such masters as Bancroft, 
Bartell, France, Freundlich, Gortner, Harkins, Hauser, 
Holmes, Mark, McBain, Thomas, Weiser, and others 
who might be cited. These men brought to their stu- 
dents a vivid sense that in the chemistry of ‘bubbles, 
drops, grains, filaments, and films’ there were impor- 
tant phenomena that needed explaining, new concepts 
that required grasping, and promising applications that 
were to be made in the pushing back of this particular 
frontier of man’s knowledge. Each student became a 
partner in this quest and not merely a receptacle into 
which so many facts were poured to be weighed in the 
scale of an exam. No specification can be drawn up to 
define the height and breadth of a great teacher; it isa 
matter of the spirit, and the contagion of a great per- 
sonality is extended through many scientific generations. 

One of the characteristics of an effective teacher of 
colloid chemistry will be his conviction that colloid 
chemistry is unique in its approach and procedures. 
His students, already well steeped in the techniques and 
concepts of inorganic and organic chemistry, will be 
inaccessible to him until he breaks down the barrier in 
their minds. One good way to do this is to start, as 
most colloid teachers do, with sols of ferric oxide and 
arsenic trisulfide. It is a simple matter to prepare a 
spectacularly large volume of the ferric oxide sol before 
the class. A portion of this may be coagulated and 
promptly precipitated by a little sodium hydroxide. 
But this is nothing new; this is the way they expected to 
precipitate ferric hydroxide. It is only when it is shown 
that a similar coagulation and precipitation can be 
achieved by additions of dilute sodium sulfate solution, 
and even by dilute sulfuric acid that the old faiths begin 
to waver. Ionic theory is inadequate to explain this 
precipitation by an acid, a base, or a salt. The door is 
now open for a new idea: there are systems in which 
surface properties are more important than chemical 
composition. A similar study of the mutual precipita- 
tion of ferric oxide and arsenic trisulfide sols, coupled 
with a study of stability of intermediate unprecipitated 
systems by suitable salts, emphasizes this point since 
ionic equations for these changes are difficult to write. 

Another characteristic of the effective teacher of 
colloid chemistry is his ability to make the course live. 
All of us have known teachers whose ability or interest 
was such that their courses consisted of little more than 
a reading of some selected text and its reproduction in 
laboratory and exam. It is doubtful if this is justified 
even in the basic courses, certainly it is most boring and 
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has killed off its thousands of alert, receptive minds. 
Certainly, no colloid course should thus be given for 
colloidal phenomena are the very foundations of life 
itself. It will always be possible to find in student 
experiences colloidal phenomena and applications which 
need explaining, and which serve as stimulating entries 
to the study of the scientific generalizations. Probably 
no single text will be adequate for a first-class course, 
but reference to various texts, monographs, original 
yapers, and summaries will be needed for specific sec- 
tions of the work. Laboratory work also must thus 
rely on current developments and scattered sources. 
Mimeographed material may serve as summaries, but 
in the absence of some overwhelming objection, such as 
lack of space or library, it appears far better to incul- 
cate the habit of early and persistent contact with the 
advancing front of knowledge as seen through the minds 
of many workers in the field. The whole course may 
well take on the aspect of a seminar or research project 
in which students are encouraged to take responsibility, 
and to undertake brief investigations in the library and 
laboratory into various phases of the work. 

It goes without saying that the teacher of such a 
course will himself stay alive by attendance at appro- 
priate meetings, carrying on a significant research, and 
continuous contact with the literature. 


THE COURSE 


The choice of subjects to be covered in the colloid 
course is conditioned by such factors as the time and 
facilities available, the background and interests of the 
teacher and the students, and possibly by the environ- 
ment and setup of the institution itself. Probably all 
courses will include such subjects as: particle size 
determination and significance, adsorption, surface ten- 
sion, catalysis, lyophobic systems, electrokinetics, aero- 
sols, emulsions and foams, lyophilic systems, gels, and 
biocolloids. In a few cases classes will be specifically 
preparing for biochemistry or for some restricted aca- 
demic or industrial occupation, and it will be justifiable 
to choose subjects most likely to be of immediate use to 
graduates. Generally, mixed classes must be provided 
with a diversified background in all the principal fields. 

In view of the impossibility of anticipating what 
particular need a student will experience, it appears 
necessary then to emphasize the broad generalizations 
rather than to attempt an extensive catalog of applica- 
tions. Such applications as are covered should be 
chosen to represent outstanding examples of general 
principles and theories. Since few such statements 
devised by man are of universal validity, it is wise also 
to include some facts which do not quite fit, or indeed 
appear to contradict the generalization. Frequently, 
it is these thorny exceptions that prove the rule, and are 
responsible for the winning of more light. An_ alert 
class will prove a prolific source of such unorthodoxy, 
an alarming unsettling of an inadequate teacher, and a 
fruitful stimulus to the effective scientist. 

Even if it be determined to lay continuous stress on 
the general principles and to seek a theoretic insight 
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into the fundamentals back of colloidal phenomena, it 
will still be found that contacts with other educational 
institutions and with nearby industrial plants will serve 
as a source of vitality in the colloid course. Enlightened 
industrial managements all over the country are wel- 
coming visitors and finding that plant trips have bene- 
ficial results both ways. A little preparation, possibly 
an early trip by the instructor, will enable him to throw 
especial light on the processes and equipment seen, so 
that students come away with an increased sympathy, 
understanding, and respect for the industrial problems. 
Many academic leaders are developing increased regard 
for research done in industry. It is just as worthy an 
undertaking to do a first class research job in solving a 
project that will serve humanity and earn a million 
dollars as it is to do one whose immediate and probable 
ultimate fate.is to lie embalmed in the literature. Some 
very excellent texts in colloid chemistry, as well as in 
other fields, could be compiled or supplemented from 
U.S. patents. Researches in government laboratories, 
experiment stations, and in biological and research 
institutions have important contributions to make to a 
good colloid course. 


THE LABORATORY 


One of the objectives of the laboratory work has 
always been to give the student some first-hand ex- 
perience with colloidal systems. Experiments were 
devised to follow up the discoveries of pioneers who laid 
the foundations, to illustrate general principles, to 
demonstrate the properties of and methods of handling 
important colloidal materials, and to provide some 
training in the use of apparatus of particular interest in 
colloids. The great advances in methods of instrumen- 
tation will be reflected in the determination of particle 
size distributions, viscosities, surface tensions, electro- 
kinetic properties, adsorptions, catalysis, etc., as well as 
in the preparation and destruction of colloidal systems. 
A third aspect of the laboratory should be an emphasis 
on the preparation of competent complete reports that 
should not merely list the data obtained but should also 
show an awareness of their significance in relation to the 
basic generalizations and their wide applications. One 
of the most frequently expressed criticisms of scientific 
graduates is their incompetence in the presentation of 
their work. The colloid course will normally be near 
the end of the formal training and, together with other 
courses at this level, should contribute to the students’ 
ability to organize and present effective written and oral 
reports. Although the Department of English may be 
willing to cooperate, carelessness or ignorance in this 
respect reflects directly on the professors sending gradu- 
ates out into industry. Most students can perform 
acceptably, but the ability is not necessarily limited to 
that which is brought to the colloid course. It can be 
greatly increased by instruction and insistence on high 
standards which the average student esteems most 
highly in later years, since it represents a result of 
the impact of an effective teacher on a willing student. 

(Continued on page 60) 





ee LABORATORY APPLICATIONS OF ION 
EXCHANGE TECHNIQUES 


Ton excHanaers are substances which are insoluble 
in solvents and aqueous solutions usually employed in 
the laboratory, but which have either cations or anions 
that ionize in polar solvents and so may be replaced by 
other ions. Their chief usefulness is dependent upon 
this characteristic, since they form a fixed matrix with 
available randomly distributed charges which may be 
used for many types of exchange reactions. The general 
reaction (for a cation or an anion exchanger) may be 
expressed by the equation, 


AE +B+=BE+A# (1) 


in which E is the exchanger and A and B are the two 
ions competing for the available positions on the matrix. 
For cation exchangers, E is an anion and A and B are 
positively charged, while for anion exchangers, E is 
positively charged and A and B are anions. 

Substances which possess these characteristics are 
useful for a number of purposes, both experimental and 
industrial, although only the former application will be 
considered here. Their uses in the laboratory range 
from the separation of very similar substances (such as 
the rare earths) to the determination of the physical 
constants of various types of chemical reactions. The 
compounds formed by the reactions of these exchangers 
with various ions have definite compositions. An ex- 
changer may have a single type of ionic bond (mono- 
functional) or have a number of types of exchange 
groups attached to the same molecule or matrix (poly- 
functional). The titration curves of these substances 
depend upon the degree of ionization of these various 
groups. Those which are highly ionized are similar to 
strong acids or bases; those which are partially ionized 
behave like weak acids or bases. 

In other words, these substances behave chemically 
like other familiar ionic substances, with the exception 
that, for the most part, their compounds are highly 
insoluble. If a prospective investigator appreciates 
this fact fully, he will not find this new tool of chemistry 
difficult to apply to his problems. By arbitrarily assign- 
ing some symbol to the insoluble ion, the equations for 
the chemical reactions may be written in the usual 
manner. The remaining problems, then, are matters of 
techniques and interpretation of experimental results. 
It is the purpose of this paper to outline these techniques 
in as simple a manner as possible and to present a few 
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experimental results to illustrate the method of their 
interpretation as worked out within the Chemistry 
Division of Clinton National Laboratory. Several 
theories concerned with ion exchange columns are here 
discussed briefly. An example of the application of a 
few simple expressions for predicting the degree of cross 
contamination of solutes being separated by column 
elution is given. Also included are brief descriptions of 
several exchangers most applicable for laboratory use. 


THE DEVELOPMENT OF ION EXCHANGERS 


The history of the development of ion exchangers has 
been discussed at length elsewhere (1-4) and so will be 
outlined only briefly here. The phenomenon of ion ex- 
change was first observed by Way in soil in 1850 (6). 
In 1906 Tswett (6), a botanist, found that pigments of 
biological origin could be fractionated by the use of a 
column procedure. This was called chromatography, a 
name which is still used for this general type of separa- 
tion of ions. Subsequently a large number of naturally 
occurring substances were investigated for exchange 
properties. For several decades the use of ion exchange 
was limited chiefly to biological laboratories with a few 
applications by chemists for analytical procedures (7- 
11). This limitation was due to the low exchange capac- 
ity and chemical instability of the natural substances. 
Walton (1) has described several of these substances 
and has discussed the relationship between their struc- 
ture and exchange capacity. 

Synthetic inorganic exchangers were prepared and 
tested (12) in the early 1900’s, but these substances, 
made by fusing quartz and sodium carbonate with china 
clay, were less satisfactory than materials available 
from natural sources (13). Further studies, by Mattson 
(14) and others (15-18), of various synthetic alumino- 
silicates, prepared from sodium aluminate and sodium 
silicate, resulted in the development of inorganic “zeo- 
lites” superior to naturally occurring materials. These 
synthetic inorganic exchangers have been rather widely 
applied for the chromatographic separations of pig- 
ments of ,biological origin (7, 10). The exchange re- 
actions of synthetic and natural zeolites and of several 
soils were studied by Vanselow (16) and Jenny (17, 18). 

Meanwhile, peat (19) and lignite and other decayed 


vegetable matter (20) were introduced as exchangers for 


water softening. It was found that their exchange capac- 
ity could be increased by increasing the acid groups 
(either —COOH by oxidation (21, 22, 23) or —SO;H by 
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sulfonation (24, 25)). The sulfonated coals proved to 
be a considerable advance over the zeolites (27), both 
in their increased exchange capacity (about 1.5-2.5 
meq./g.) and in their greater stability in acids.? Inor- 
ganic zeolites are stable only at a pH near neutrality, 
and so cannot be employed successfully for reactions 
involving hydrogen ions or in basic solutions. 

The discoveries of Adams and Holmes (28, 29) in 
1935 that polyhydric phenols and aromatic amines, 
when condensed with formaldehyde, would give syn- 
thetic resins with cation and anion exchange properties, 
respectively, opened a new era in the manufacture and 
use of substances with exchange properties. Prior to 
this, a few inorganic anion exchangers were known (1, 
21, 30), but they had very limited applicability, due to 
their instability toward many reagents, low exchange 
capacity, and slow rate of exchange. The synthetic 
anion exchange resins exhibit high exchange capacities 
and rapid rates of reaction, but are less stable than many 
of the cation exchange resins, particularly to oxidizing 
conditions. Nevertheless, they have proved very useful 
both in laboratory studies and for industrial purposes 
(2, 3, 31-36). 

Further studies on the sulfonation of the phenolform- 
aldehyde resins by Holmes (37), Wassenegger, Griess- 
bach and Siitterlin (38), and Wassenegger and Jaeger 
(39), resulted in the preparation of two general types of 
cation exchange resins: (1) a condensation product of a 
sulfonated polyhydric phenol with formaldehyde, having 
methylene sulfonic acid groups (—CH:—SO;~); and (2) 
a condensation product of a sulfonated monohydric 
phenol with formaldehyde, having nuclear sulfonic 
acid groups =C—SO;-. The first type was developed 
and manufactured in this country by The Resinous 
Products and Chemical Company and has been de- 
scribed in publications by Myers, et al. (2, 40, 41); the 
second type was manufactured exclusively by I. G. 
Farbenindustrie until after the start of hostilities be- 
tween this country and Germany in 1941, but has since 
been produced by several U. S. concerns, such as 
Chemical Process Company, Dow Chemical Company 
(4), Cyanamid Company, etc. The types of exchange 
groups in these compounds depend upon the nature of 
the raw materials. Resins prepared from natural tan- 
nins usually have carboxyl and phenol groups in addi- 
tion to the methylene sulfonic acid group; the exchange 
positions in sulfonated monohydric phenolformaldehyde 
resins are the nuclear sulfonic acid and phenolic groups. 
Most of these resins are stable to common reagents at 
room temperature and may even be used safely at 
higher temperatures in the absence of oxygen. 

A more recent development (42) in cation exchange 
resins has been described by Bauman (43). This 
product, which has been given the trade name Dowex 
50, is a sulfonated hydrocarbon with nuclear sulfonic 
acid groups as the only exchange positions in its struc- 
ture. In its hydrogen form its chemical behavior is 
similar to that of a strong monobasic acid, such as 





2 Ellis has suggested the use of the term ‘‘organolite’’ (26) for 
the organic exchangers. 
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HCl. It has a high combining capacity (5-6 meq./g.) 
and is unusually stable to all common chemical reagents, 
even at temperatures above 100°C. Since it is manu- 
factured in spherical particles, it is very well suited for 
many laboratory purposes, including theoretical stud- 
ies. 

The improvements of anion exchange resins, since 
their original invention by Adams and Holmes in 1934 
(28), have not been as numerous as those of the cation 
exchangers. This is probably chiefly due to the more 
limited industrial uses of anion exchangers. Several 
products which are suitable for the deionization of 
water (44) and solutions of neutral organic substances 
such as sugars are being produced. They also have 
been applied for separating organic substances (34) and 
recovering metals (36) on a limited scale, and should 
find an increasingly larger application in these fields. 
The studies of anion exchangers have been much more 
limited than the work with cation exchangers. In- 
vestigations concerning their use, as well as that for 
cation exchangers, for separating organic compounds 
(particularly those of biological origin) which contain 
ionizable groups, are being carried out now at a number 
of laboratories, and it seems probable that eventually 
they will find a wide application for this purpose. 


COMMERCIALLY AVAILABLE ION EXCHANGE RESINS 


In choosing an exchanger for any laboratory purpose 
it should be borne in mind that most available resins 
are tailor-made for specific industrial purposes. How- 
ever, the large manufacturers have carried on consider- 
able research on other types of resins with properties 
which might be more applicable for certain specific 
purposes (2, 3, 4) and in many cases small samples of 
these are available. In the author’s experience most 
of the manufacturers have been very cooperative in 
furnishing these samples for research purposes; and 
they have even prepared, upon request, special resins 
for specified needs. As the laboratory need for ex- 
changers develops, it is probable that steps will be 
taken to furnish a wide variety of products for this 
purpose. 

To aid in the choice of an appropriate exchanger for 
any specific research problem, a short description of 
several products which are available commercially is 
given below. Some of the specifications listed here 


‘were determined at Clinton National Laboratory, but 


most of them were furnished by the manufacturers of 
these various products. Since this is a highly com- 
petitive field, it is probable that a number of other 
products are in the development stage and will be 
ready for distribution in the near future. 

Any statement contained herein should not be con- 
strued as an evaluation of the product for other than 
the purpose of laboratory research. The information 
given here is very limited. It may be supplemented 
by additional information available from the manu- 
facturers. No inorganic exchangers are described here, 
since their use in chromatographic separations has been 
described adequately elsewhere (6-1/0), and because 
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they are very inferior to all “organolites” for other 
laboratory purposes. With the exception of Amberlite 
IR-1, and the sulfonated coal, Zeo-Karb, all resins des- 
eribed here are manufactured from purified compounds 
of known composition. A brief description of Amber- 
lite IR-1 is included, even though it is no longer being 
manufactured, because of the large amount of labora- 
tory work which has been carried on with this exchanger. 


AMBERLITE IR-1 


A. Physical Characteristics. This resin consists of 
hard, black, irregularly shaped granules which are 
brittle enough to allow grinding, but sufficiently elastic 
so that loss from attrition during their use in a column 
is negligible. The density of the air-dried hydrogen 
form resin (20 per cent moisture) equals 1.25 g./cm.?. 

B. Chemical Characteristics. Probably a condensa- 
tion product of a catechol (such as the tannin extracted 
from quebracho) with formaldehyde in the presence of 
alkaline NaHSO;. It contains about 2 meq. of methyl- 
ene sulfonic acid (—CH2SO;~—) groups (available at low 
pH’s) and more than twice that amount of additional 
exchange capacity due to carboxylic and phenolic 
groups per gram of oven-dried resin. In concentrated 
acids and in bases up to a pH of 9.0 it is stable, but at 
higher pH’s, in the presence of oxidizing agents and/or 
at elevated temperatures, it decomposes more or less 























rapidly. It gives off “color” to any solution in contact 
with it, but this is not-a serious drawback for use in 
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columns where the flow is continuous, since the con- 
centration of the colored compound is low. 

C. Column Bed Characteristics. The percentage 
of liquid phase depends upon the nature and concen- 
tration of the contacting solution. For instance, 4 g. 
of air-dried resin (3.2 g. on oven-dried basis) will have a 
bed volume of 8 cm.* in water. Thus on a volume 
basis the liquid phase is 65-70%. This may shrink 
15-20% in concentrated salt solutions. 


PREPARATION AND PROCESSING 


Many times the exchanger which has been chosen for 
a certain study may not be available in the desired form, 
and so will require processing before it can be used. 
Exchangers which are manufactured chiefly for the 
purpose of water treatment usually are available only in 
mesh sizes ranging from 10 to 30. As received from the 
manufacturer, cation exchangers are usually in the 
sodium form and anion exchangers, in the bicarbonate 
form. They are usually sent moist and will need to 
be dried for many laboratory purposes. Oven drying 
should be avoided for most exchangers, especially or- 
ganolites, since they may be decomposed or have their 
capacities reduced. They may be air dried without 





SOME MISCELLANEOUS INFORMATION ON THE 
AMBERLITE ION EXCHANGE RESINS* 








Amberlite Amberlite 
IR-100 IR-4B 
(Average values) 
(1) Type of exchanger Cation Anion 
(2) Color - Amber to black Light brown 
(3) Form Granular Granular 
(4) Screen size: 
R-20 35.4% 20.6% 
R-30 46.1% 53.5% 
R-40 15.4% 18.7% 
R-50 2.9% 6.5% 
R-200 0.2% 0.7% 
(5) Effective size 0.4-0.6 mm 0.4-0.6 mm 
(6) Uniformity coeff. 1.4-2.2¢ 1.4-2.2¢ 
(7) True density (dry) 1.38 g./ml.° 1.20 g./ml.® 
(8) True density in 
1.25 g./ml. 1.11 g./ 


.11 g./ml. 

0.39 in. (dry wt.)¢ .-” (dry wt.) g./ 
ml.¢ 

0.60 in. (wet wt.)¢ 0.55 (wet wt.) g./ 
ml.¢ 


Hy 
(9) Apparent density 


(10) True voids 55% 55% 
(11) Drainable void vol. 35-40% 40% 
(12) Attrition no. 1%/ 6%f 
(13) Maximum ex- 

change capacity 1.72 meq./g. 10 meq./g. 
(14) Analysis 5.5%S8 14%N 
(15) Swelling on con- 

version to salt 

form -5% +30% 


* Data furnished through the courtesy of Robert Kunin, The 
Resinous Produets and Chemical Company, Philadelphia, Penn- 
sylvania. See Figure 1 for titration curves of these resins. 


40% retained size 

90% retained size” 

* Density of dry particle in oil. 

¢ Dry weight per unit classified bed volume. 

4 Wet weight per unit classified bed volume. 

¢ Volume of drainable water in bed. 

4 Per cent increase in surface area upon drastic shaking. 





* Uniformity coefficient = 














(13) 


(14) 
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DATA SHEET FOR DUOLITE ION EXCHANGERS* 








Cation exchangers 


Item C-1 


Anion exchangers 





Chemical composition 
Ion-active groups 


Sulfonic acid 
Bed 


Phenolformaldehyde type 
Aliphatic amines 


Relative density wet 1.07 .13 i e 
Hardness Not known on absolute scale but relatively hard and tough 
Color White to pink Dark purplish red Light yellow Light yellow 
Form ranules: —12 +65 
Capacity in milliequivalents per gram (dried 

at 80°C.) 2.75 3.44 9.35 6.65 
Capacity in equivalents per liter wet tamped 

volumet 2.25 2.0 


Stability—chemical 


0.5 19 
Stable to all common solvents and reagents except oxidizing agents (A-3 is es- 


pecially intended for use with alpha-hydroxy aldehydes such as dextrose 
which react irreversibly with most amine resins including A-2) 


Stability—temperature 

fo Livia ay bea \ On tamped volume basist 
/0 

%, Change in volume 


189 


10 


Hydrogen to sodium state 


Stable for reasonable periods at temperatures from 170-212°F. but not ab- 
sohiiely stable at - higher temperatures 
5 48 


44 
78 83 
Free amine to acid exhausted 
state 
10 15 15 


* Data furnished through the courtesy of G. E. Mills, Chemical Process Company, San Francisco, California. 


¢ All capacities given are total capacities. 
cation or nature of salt employed in the test. 
of the acid adsorbed and the pH of the solution. 


These are relatively constant for the cation exchange resins irrespective of the type of 
The capacities in the case of the anion exchange resins are dependent on the strength 
The figures are given for 0.1 N HCl. 


t These figures are only approximate as the technique used in determining them assumed that suction filtration would remove all 
the intergranular water and thatsthe interpore liquid could be then determined from the loss in weight on drying the suction-filtered 


granules. 





altering their properties by spreading them in a thin 
layer in shallow pans or dishes. For equilibrium ex- 
periments or for column separations of substances which 
are not too similar, the 10 to 30 mesh resin is useful, 





Characteristics of Dowex (Cation Exchangers) * 








Dowex 30 Dowex 50 
(1) Color Black Dark brown 
(2) Form Granular Spherical 
(8) Particle size 20-60 20-60; 200-400 
(4) Density (dry) 1.55 1.55 
(5) Density (wet) 1.30 1.41 
(6) Hardness Hard and tough Hard and tough 
(7) Chemical compo- Sulfonated phenol- Sulfonated hydro- 
sition formaldehyde carbon 
(8) Exchange AO S80," 
(9) % Sulfur (by 
analysis) 9.7 14.8 
(10) Combining capac- 
ity (air-dried . 
resin 3.2 meq./g. 5.1 meq./g. 
(11) Wt. %_ liquid 
hase in bed 
atin H.O 62.8 58.4 
(12) Change in volume 
from H.O to 2 
M NaCl 3.9% shrinkage 3.2% shrinkage 


(18) Solubility 


Very insoluble in 
all common re- 


Very insoluble in 
all, common re- 


agents agents 

(14) Stability Is stable at room Stable to all com- 
temperature. mon reagents at 
All pH’s decom- all temperatures 


pose slowly at 
100°C. 


up to 100°C. 


* Data furnished through the courtesy of W. C. Bauman, Dow 
Chemical Company, Midland, Michigan. 
tration curves of these resins. 


See Figure 2-for ti- 





EQUILIBRIUM pH 


but if a difficult separation is to be made, a material of 
much smaller particle size is desirable. 

Grinding and Screening. Most exchangers are hard 
and brittle enough so that they can be ground in a 
ball mill. There is always considerable loss in this 
process, since much of the material is ground to a 
particle size smaller than that desired and must be dis- . 
carded. It is preferable if the mill and balls are made 
of metal or some substance which is easily dissolved 
during the chemical pretreatment of the exchanger, 
so that foreign particles from the mill which are difficult 
to separate from the exchanger will not be in the final 
product. An iron or stainless steel mill is good for this 
purpose, or a glass jar with steel balls may be used 
satisfactorily in most cases. For the best results, the 
mill should not be over one-third to one-half full. It is 





ue 1~——DOWEX 30 


DOWEX 50 ———-=4 




















1 1 1 i i 1 
' 2 3 4 5 


MILLIEQUIVALENTS OF NaOH ADDED PER GRAM OF RESIN 





Figure 2. Titration Curves of Dowex Exchange Resins with 2 M NaOH 

















36 
Cyanamid Resins* 
Cation 
exchanger Anion exchangers 
C-200 A-293-M A-300 

General chemical 

composition Phenolformal- 

dehyde Melamine 9) 59.55,5 

Active exchange 

groups S0;H Amine Amine 
Density air dryf 0.385 0.45 0.495 
Hardness Hard Porous but Firm—gel. 

hard 

Form Granules Granules Granules 
Capacity—totalf 0.9 eq./l. 1.6 eq./l. “e to 2.5 eq./ 
Stability at room 

temperature Excellent Excellent Excellent 
Stability at 100°- 

C. Probably good Poor Probably good 
Color Dark red White Yellow 
% Liquid phase 

in bed 75-80 75-80 75-80 


* Data furnished through the courtesy of W. T. MacAdam, 
American Cyanamid Company, New York. 

+ Exhausted resin. 

t The capacity varies with the ions being adsorbed. 





usually desirable to grind the exchanger for a period 
of from thirty minutes to two hours and then to screen 
it and return the fraction which is still too large, along 
with some additional material, for another period of 
grinding, since the loss is less than if a single-batch is 
ground for too long a time. After screening, there is 
still a considerable quantity of finely powdered ex- 
changer adhering to the particles of desired mesh size. 
This may be removed by repeatedly washing the 
_ exchanger with water in a large beaker, allowing the 
larger particles to settle, and decanting off the fines. 

Wet screening may be preferable in some cases, 
particularly for grading resins whose particles are 
spherical in shape. Two procedures have been em- 
ployed: (1) spraying water from above nest of screens, 
using a Biichner funnel for a spray, and (2) immersing 
the screen in water and agitating by an intermittent 
up-and-down motion. In the first procedure the 
screens are tipped from side to side, causing the mate- 
rial to be sluiced across the screen, and as the 
screening proceeds, each screen is sprayed directly. 
In the second procedure one may use one screen at a 
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time, keeping the rim of the screen above the water 
line; or when the nest of screens is tight, the grading 
is done all at once with an up-and-down stroke, smaller 
than the distance between individual screens. 

Grading. If larger quantities of exchanger are to be 
used it may not be practical to grind and grade it with 
the usual laboratory ball mill and screens. Larger 
mills may be substituted in the grinding step, and the 
grading may be done either by larger screens or by 
hydraulic means, which depends upon the differences 
in settling rate of particles of different size. 

If the latter method of grading is chosen the appara- 
tus should be constructed so that there is a minimum 
of turbulence. A simple form consists of a glass tube or 
pipe with a fine screen at the hottom to disperse the 


water flow and retain the resin, and an overflow tube © 


leading to a catch vessel of larger diameter, which also 
has an overflow tube. To make the separation, a 
batch of resin, whose volume is from 10 to 20 per cent 
of the tube volume, is added and water allowed to 
flow at a known rate up through the tube. The rate 
is increased stepwise, fractions of exchanger of various 
particle sizes being collected in the catch vessel for each 
change in rate. This apparatus may be modified so 
that the process is continuous, fractionating the ex- 
changer into cuts of any desired range in mesh size. 
Hydraulic sizing machinery for large-scale operations 
is available commercially. 

Metathesis. As stated above, most cation exchangers 
are received in the sodium form and anion exchangers 
as the bicarbonates. After they have been ground 
and graded, they may be converted to the form 
desired for’ the intended laboratory study, or may be 
converted to a form which is generally useful, such 
as the hydrogen or ammonium form for cation 
exchangers, and the hydroxide or chloride form for 
anion exchangers. The conversion or metathesis is 
carried out by treating the exchanger with a large 
excess of the ion with which one desires to replace the 
ion combined with the exchanger. This many be done 
by several successive batch treatments or by passing 
the solution through a column of exchanger. In most 
cases the latter procedure is preferable, since it gives a 
more nearly complete conversion in less time and 
requires less of the solution containing the replacing 





Permutit Ion Exchange Characteristics* 





De-Acidite 





Zeo-Karb Zeo-Rex Permutit Q 
(1) Color Black Amber Yellow Orange 
(2) Form Granular Granular Spherical Granular 
(3) Particle size 16-50 mesh 20-50 mesh 16-50 mesh 16-50 mesh 
(4) Density (dry) (g./I.) 735 925 900 610 
(5) Density (B. & D.) (g./l.) 310 295 480 250 : 
(6) General chemical composition Sulfonated coal Sulfonated phenolic Sulfonated hydrocarbon Aliphatic amine 
resin 

(7) Exchange groups ae i and —SO;H —S0;H R;N 
(8) Analyses S 6% 8 8.5% Se oe ee 
(9) Combining capacity (milliequivalents 

per gram) 1.8 3.0 — 5.0 6.7 


* This information was furnished through the courtesy of M. E. Gilwood, The Permutit Company, New York. 
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ion. As the treatment is continued, the fraction of 
exchanger in the desired form approaches unity, asymp- 
totically. The degree of completeness of this conver- 
sion at any time may be determined by analyzing either 
the effluent from the column or a sample of the ex- 
changer, for either or both of the competing ions. 
After its conversion the exchanger should be washed 
well with distilled water to remove the adhering solute.* 
It may then be stored under water or dried (as de- 
scribed above) and stored in an air-tight bottle for 
juture use. ; 

Standardization. Because exchange resins at present 
have a very limited use in the laboratory, no method 
for their standardization has been developed. A few 
criteria have been established by the water-treatment 
industry for use in the evaluation of various resins for 
water softening (45). For this purpose, such properties 
as total capacity, screen size, apparent density, hardness, 
attrition number, solubility, etc., are used. Most of 


‘these tests are made in such a way that the results 


are of limited value to the chemist. Therefore, it is 
necessary for any investigator who intends to work in 
this field to do some preliminary testing of various 
products to determine if they have the right character- 
istics for the desired purpose. Some of the tests of 
interest in the evaluation of a resin for laboratory use 
are discussed below. 

Chemical Analysis. For many chemical investiga- 
tions it is necessary to know the combining weight of a 
resin. Since these exchangers are usually received from 
the manufacturer in the sodium form, they first must 
be converted to the desired form, and dried, as dis- 
cussed above. It is convenient to convert them to the 
hydrogen or ammonium form for use in many experi- 
ments. A sample of the air-dried resin should be dried 
further in an oven at 110° to 120°C. to determine the 
moisture content. From 24 to 48 hours is usually 
sufficient to dry the exchanger to constant weight. 
If the main supply of resin is kept in a well-closed 
bottle, it usually is not necessary to determine the 
moisture content more than once a month, since the 
water content of most exchangers does not vary ap- 
preciably with small changes in the relative humidity 
of the atmosphere. For comparative purposes it is 
desirable to calculate all experimental results to the 
moisture-free (or oven-dried) basis. 

A determination of the total ash of an exchange resin 
which has been converted to the hydrogen form will 
represent the amount of fixed cation which is not 
in an exchangeable position (or which has failed to 
exchange). For this determination a small sample of 
moisture-free resin may be ashed in a crucible and the 
— weighed. For most exchange resins this ash is very 
Ow. 

It is sometimes desirable to get a chemical analysis of 
the material so as to determine its empirical formula 
or to determine the percentage of one or more ele- 
ments. Such analytical results may be obtained from 





* When polyfunctional resins are employed, some of the groups 
may be hydrolyzed by a water wash. 
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many manufacturers or may be determined according 
to the usual methods of analysis for carbon, hydrogen, 
oxygen, sulfur, nitrogen, etc. A knowledge of the sulfur 
content of cation exchangers gives an approximate value 
for the equivalent or combining weight of the exchanger. 
Likewise, an analysis for amino nitrogen in an anion 
exchanger permits an approximate determination of its 
combining weight. 

Combining Capacity. The value of an exchanger 
for laboratory purposes in many cases is dependent 
upon its combining capacity. As mentioned above, 
this may be determined approximately by analysis 
of either sulfur for the cation exchanger or amino 
nitrogen for the anion exchanger. A more precise and 
direct method for evaluating the combining capacity 
of an exchanger is to determine either the variation 
in the weight of the resin when it is combined with 
different cations (or anions) or to determine the change 
in concentration of a cation (or anion) in a solution 
after it has been passed through a column containing a 
known weight of the exchanger, until no further de- 
tectable exchange takes place. For example, suppose 
one were to weigh out 1 g. of hydrogen-form resin and 
shake it with a large excess of sodium chloride in solu- 
tion (about three to six molar). The hydrogen would 
be largely replaced by the sodium ion, and the amount 
of sodium ion taken up by the resin could be deter- 
mined either by washing, drying, and reweighing the 
resin to determine its change in weight, or by deter- 
mining the loss in sodium ion from solution or the in- 
crease in hydrogen ion by.a direct acidimetric titration 
(4, 43, 47). (See Figures 1 and 2). If somewhat more 
precise values are desired, it is preferable to do the con- 
version by passing the solution through a bed of the 
exchanger in a column. In this case, the exchanger 
may be almost completely converted by passing the 
solution through for a long period of time. The excess 
solution should be washed from the bed with distilled 
water. The change in the composition of the solution 
may be compared with the amount of replacing ion 
taken up by the resin to get a check determination of 
the exchange capacity. 

Density. As will be explained later, in many experi- 
ments it is desirable to know the density of the ex- 
changer. For most purposes, this should be taken 
on the oven-dried resin. Any standard,method for 
determining the density of irregularly shaped sub- 
stances may be used. In the author’s laboratory a 
method depending upon the displacement of a non- 
polar solvent has proved useful. For an approximate 
value, a solvent such as benzene may be measured into a 
graduated cylinder or buret and a known weight of 
exchanger poured into this liquid. By noting the in- 
crease in the volume (that is, resin plus liquid), the 
volume of the liquid which is displaced by the solid 
(and thus the volume of the solid) may be deter- 
mined directly. For a more precise measurement one 
may weigh the displaced volume of benzene by using a 
picnometer and weighing it first full of benzene and then 
full of benzene after adding a known weight of resin to 
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the bottle. By this method a very good value for the 
density of the dried resin may be obtained. 

Bed Density. The bed density depends upon the 
amount of solution or liquid phase in the resin column 
bed. A very simple measurement may be made when 
the density of the dry resin isknown. Thus, by adding 
a known weight of dry resin to a graduated cylinder or 
tube containing water (or an aqueous solution) and 
allowing it to remain in contact with this solution until 
it has swelled to its maximum, a direct reading of the 
settled volume of the resin bed may be obtained. 
From this value and the known density of the dry 
resin, it is possible to calculate the free volume of the 
column or that part of the column which is occupied 
by the liquid phase. As will be shown later, this 
is important in determining a number of factors dealing 
with column separation. The volume of a column bed 
will not remain constant. It is dependent upon a num- 
ber of factors, but particularly upon the ionic strength 
of the solution in contact with the resin. Most of 
these exchangers are gels, and as the ionic strength is 
increased, the quantity of gel water decreases and thus 
the bed volume shrinks. Conversely, as the ionic 
strength of the solution decreases, the resin particles 
swell and the bed volume increases. For this reason, 
it is usually necessary to redetermine the bed volume 
whenever the composition of the liquid in contact with 
the column is changed. 

Exchange Rate. For column experiments, it is 
usually desirable to have an exchanger which will 
approach equilibrium rapidly. The determination of 
the rate of approach to equilibrium is usually made by 
one of two general methods: (1) by rapidly stirring 
a known weight of the resin with a known volume of 
solution of definite concentration and determining the 
change in concentration of one of the ions in the solu- 
tion with time, and (2) by rapidly passing the solution 
through a very shallow bed (7. e., about 1 mm. in depth) 
of the exchanger for varying lengths of time and an- 
alyzing this exchanger for the amount of ion picked up 
from the solution. These methods are discussed in 
detail elsewhere (43, 46) and so will not be discussed 
further here. 

It is noteworthy that the rate of approach to equilib- 
rium depends upon the rate of stirring in the batch 
experiment (47) or the rate of flow in the shallow bed 
technique. At very rapid rates of stirring or of flow 
the changes in the rate of replacement are less pro- 
nounced. If one wishes to compare a number of resins 
for their rates of exchange in a given reaction, the 
stirring method is probably the easier to apply, partic- 
ularly if some type of device for continuously recording 
the concentration of one of the solutes in the liquid 
phase is available. If the stirring rate is rapid and 


nearly constant, other factors which affect the rate of 
approach to equilibrium, such as the concentration of 
the solutes in solution, the rate constants for the ex- 
change reactions, and the temperature, may be studied 
and their effects evaluated. The rate-determining 
step may be the rate of diffusion of a solute through the 
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solid phase, or through the immobile liquid film sur- 
rounding the resin particles (46). 

Stability. Much of the value of an exchanger is 
dependent upon its chemical stability or insolubility 
in common reagents. Several years ago, before meth- 
ods for developing these resins had been well worked 
out, most of them were somewhat soluble and con- 
tinued to give off colored compounds into the effluent 
when solutions were passed through the columns. The 
newer cation exchangers,, however, are very stable to 
almost all common chemical reagents. Several of 
them may be heated for long periods of time with 
either saturated sodium hydroxide or concentrated 
hydrochloric acid, without any noticeable decomposi- 
tion. They are likewise almost completely insoluble 
in nonpolar solvents. However, at high tempera- 
tures there is a tendency for some of these exchangers to 
decompose, particularly if caution is not taken to 
exclude all air (7. e., oxygen) from the column. The 


newly developed sulfonated hydrocarbon resins are’ 


much more stable than the older sulfonated phenol- 
formaldehyde materials, since the phenol group labilizes 
the compound. Extended tests by the manufacturer 
have shown one of these resins to be stable for very 
long periods of time in concentrated acids at tempera- 
tures considerably above 100°C., even in the presence 
of air (47). Anion exchangers are much less stable than 
cation exchangers, although some progress has been 
made in improving their properties. 

(The remaining part of this article will be continued in the 
next issue.) 
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THE: VALUE OF THE HISTORICAL APPROACH 


IN THE TEACHING OF GENERAL CHEMISTRY ' 


Tue srupents in the colleges and universities now 
will become in the course of a few years the political, 
social, economic, and religious leaders of tomorrow. 
The kind of education which they are being offered 
today should be such that they will be able to under- 
stand the problems of this complex and confused 
world, and such that they will be prepared to solve 
these problems so as to survive in what may be a greatly 
changed environment. It is my opinion that the 
people of the world who have given any thought to the 
matter would agree that the dominant science of the 
world today is physics. Most certainly the educated 
of the English speaking world would express this 
opinion. The concepts of physics form the basis of all 
the natural sciences. In the study of chemistry, for 
example, one can no longer expect to be proficient by 
knowing the facts about elements and their compounds. 
The student chemist no less than the practicing chemist 
must be physical chemist to some extent whether his 
special field is inorganic or organic. The concepts 
which contribute to the theoretical aspects of any 
problem that concerns his work are concepts of the 
science of physics. Moreover, an understanding of the 
concepts of the physical world of matter and motion is 
just as essential to the lawyer or economist as it is to 
the chemist, the biologist, or the physician. If we are 
to believe what some of our leading philosophers? 
are today proclaiming, the philosophy of tomorrow 
will be a philosophy of natural science based on the 
world of sensation and on the concepts that have their 
roots in the science of physics, in concepts of mass, 
force, space and time, and in the mathematical theory 


‘and practice by which these ideas have been developed. 


For this reason every college student should be re- 
quired to take a year’s course in one of the physical 
sciences. However, the course in chemistry must not 
only give the students certain of the fundamental con- 
cepts of the physical world, but if it is going to make 
possible their understanding of the problems that must 
be solved by them later it must be so organized as to 
achieve certain other objectives. Of these objectives 
I shall mention only those I consider most important. 

1. The course as a whole should demonstrate what 





1 Paper given before the Section of Natural Sciences at the 
tenth annual meeting of The Louisiana College Conference, 
Lafayette, Louisiana, March 6, 1948. 

2? Norturop, F. 8. C., “The Logic of the Sciences and the 
Humanities,” Chapter XX, The Macmillan Co., New York, 
1947. 
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is meant by the term science. As President Conant 
of Harvard has pointed out, ‘Being well informed about 
science is not the same thing as understanding science, 
though the two propositions are not antithetical.’’* 

2. The course must show that the sicence of chem- 
istry, and by inference all science, has a dynamic 
quality. It must demonstrate by illustrations that the 
development of chemistry since the middle of the seven- 
teenth century, the period of Robert Boyle, has not 
proceeded in simple steps or always by logical ad- 
vances proposed for the most part by a few geniuses. 
On the contrary, chemistry has been advanced to its 
present state by a very uneven process, and its progress 
is due to the efforts of countless workers in all countries. 
The course must show also that during the develop- 
ment of chemistry most of the theories proposed to 
explain the observational and experimental facts have 
been discarded and replaced by others which in turn 
may become outmoded in the future. 

3. The course must bring out the distinction be- 
tween science and technology, between advances in 
chemical processes and advances in the fundamental 
science of chemistry. 

4, It must offer the student an opportunity to learn 
to think deductively. This last is probably the most 
important function of an elementary course in a natural 
science, since it is only by making certain assumptions 
relative to another people and another environment 
and by following these assumptions to their logical 
conclusions, that he can hope to understand the people 
and the ideologies of Russia, the Mediterranean Basin, 
and the Orient. Only by this understanding can he 
acquire an attitude of tolerance that will help to estab- 
lish amicable relations among the nations so that there 
may be peace in this world. ; 

Even partially to achieve these four objectives in the 
teaching of a year course in general chemistry—to say 
nothing of presenting certain of the fundamental 
concepts of physics—is really a big order; and when 
we take into consideration also the fact that the teachers 
who will carry out the task are primarily chemists, 
interested in the subject matter of chemistry for its own 
sake, the question of how to do all this becomes im- 
portant. There are probably many ways in which the 
desired results may be accomplished, at least in part. 
One of them is the use of the historical approach in the 
presentation of several topics always included in a 





3 Conant, J. B., “On Understanding Science,” Yale 


University Press, New Haven, 1947, p. 12. 
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course in general chemistry. This method has been 
tried out for several years in the course in Newcomb 
College and has proved effective. 

Before proceeding further, it might be well to explain 
what is meant by the historical approach. This does 
not mean beginning a topic with a dry-as-dust, short, 
cursory account of the history of the topic with the 
names and dates of a few great chemists thrown in for 
good measure. Such additions are worth almost 
nothing; all they amount to is a few more facts for the 
student to memorize for a quiz and forget. To present 
a topic from the viewpoint of its historical development 
some preliminary planning is necessary, and the in- 
structor must know the history of the development 
of the subject, not merely the names of the great men 
~ associated with it. As an illustration the discovery of 
certain of the gas laws and the theory of Avogadro may 
be selected. These topics are ordinarily taken up in 
work of the first semester. The development of the 
subject as outlined in this paper would require about 
six lectures. 

The presentation of the gas laws can be an exciting 
intellectual experience for the student if the historical 
approach is used. The law discovered first, the law of 
Boyle, is the easiest to comprehend. The date of its 
publication is 1660. But the instructor should begin 
with the experiment on the vacuum by Torricelli. 
How much of the work of this early period can be in- 
cluded in the discussion will depend largely on how 
much the instructor knows or has time to learn of the 
subject, and also on how much time can be devoted to it. 
It is my experience that the students always enjoy a 
demonstration of the simple mercury barometer. 
They also appreciate brief but vivid word pictures of 
old, blind Galilei living in the outskirts of Florence 
discussing with Torricelli, age 33, and Viviani, age 21, 
his ideas of the weight of the air in the operation of 
pumps. Perhaps Galilei suggested to Torricelli the 
use of mercury in a tube over four feet long to test out 
the idea. We do not know. Galilei died in 1642. 
Torricelli in 1643 carried out the experiment and thus 
made the first barometer. He was then mathematician 
to the Duke of Florence and was busy working on a 
book; the report of these experiments by Torricelli was 
not published during his lifetime. He died in 1647. 
But on June 11, 1644, in a letter to Ricci, Torricelli 
wrote an account of the experiment. Ricci passed the 
information on to Father Mersenne, a Franciscan friar 
who was the leader of the scientific group in Paris, and 
it was through Father Mersenne that young Blaise Pas- 
cal heard of the “Experiment with the Vacuum” as it 
came to be called. Father Mersenne had been unable 
to repeat the experiment because of the lack of a glass 
tube four feet long. Pascal’s father had one blown in 
Rouen in 1646, and Blaise, twenty-three at the time, be- 
gan experiments on the weight of the air. Late in 1647, 
Pascal decided that to prove that the weight ordensity of 
the air was responsible for the support of the mercury 
column the effect of altitude on the height of the col- 
umn must be demonstrated experimentally. He wrote 
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to his brother-in-law, who lived in the village of Cler- 
mont, which is about ten miles from the 4000-foot 
mountain, Le Puy de Dome, asking him to carry out the 
test. On September 19, 1648, M. Perrier with the assist- 
ance of several prominent members of the village com- 
munity showed that the height of the mercury column 
was three inches less at the summit than it was at the 
base.* 

Following the account of the work of Pascal, the in- 
structor may or may not discuss the invention of the air 
pump by von Guericke. .The spectacular demonstra- 
tions with the air pump devised by von Guericke are 
interesting but not essential to the development of the 
study of gases. An excellent account of air pressure 
and pumps may be found in Chapter II of President 
Conant’s book and in the references in the bibliography 
of Chapter II. Another reference that I have found 
most valuable for an account of the behavior of gases as 
well as other topics in the field of physics is ‘Physics, 
The Pioneer Science” by Lloyd William Taylor. 

Robert Boyle’s air pump was designed and built for 
him by that mechanical and scientific genius of the 
seventeenth century, Robert Hooke.’ Hooke was 
Boyle’s laboratory assistant at the time, and Boyle and 
Hooke carried out the experiments in Boyle’s private 
laboratory in Oxford. The aecount of Boyle’s law 
should be accompanied by a demonstration with the 
use of simple apparatus much like that used by Boyle. 

Having established the relation between the volume 
and the pressure of a gas at a constant temperature the 
instructor introduces the law of Charles. Qualitatively 
the expansion of gases with the application of heat had 
been recognized before the discovery of Boyle’s law. 
The quantitative relationship was announced by Gay- 
Lussac in 1802. Why the long period from 1660 to 
1802, a period of over a 100 years, between the discov- 
ery of the two fundamental laws of gases? All those 
who are scientists by profession know that advances in 
all the sciences have always had to wait on the develop- 
ment of apparatus and techniques and also on the clari- 
fication of certain concepts. But unless this is pointed 
out to the student by an illustration within his grasp he 
is likely to overlook this dependence of advances in one 
field on developments in another. It seems to me that 
an elementary course in any of the sciences should in- 
clude at least one example of this important aspect of 
the progress of science, and I know of no better example 
in the history of chemistry than the explanation of the 
length of time that separates the discovery of these two 
laws. 

The discovery of the law of Charles was dependent 
on the use of an accurate thermometer. As far back as 
1592, Galilei had invented the air thermometer, the 
operation of which depends, of course, on the very prop- 
erty of gases embodied in the law of Charles. The first 
thermometer of the type familiar to the student was in- 





4“The Physical Treatises of Pascal,’ translated by I. H. 
Banp, AND A. G. H. Sprers with notes by F. Barry, Columbia 
University Press, New York, 1928, pp. 97-108. 

* pe Mir, C., Tats JouRNAL, 16, 504 (1939). 
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vented in 1642. Mercury was first used in thermome- 
ters in 1659, but it was not until 1724, sixty-five years 
later, that Fahrenheit, a native of Danzig working in 
Amsterdam, discovered a satisfactory method for 
cleaning mercury and thus made possible the making of 
mercury thermometers that were reliable. The centi- 
grade scale first proposed by the botanist Linnaeus in 
1737° began to be used in scientific work in the last 
quarter of the eighteenth century. 

The law of Boyle was established with respect to the 
behavior of air; the law of Charles as stated by Gay- 
Lussac in 1802 covered all gases. The concept of a gas 
was not clear until after the publication of work on gases 
by Priestley, Cavendish, and Lavoisier. It was pri- 
marily Joseph Priestley who showed the great amateurs 
in science how to prepare and purify: gases and how to 
manipulate them in experimental work. Priestley’s 
important book, “Experiments and Observations on 
Different Kinds of Air,’’ was published in 1774. 

The idea that heat is due to the motion of particles 
was expressed by Boyle, Hooke,’ Newton, and others in 
the seventeenth century, but the concept of quantity of 
heat as distinct from intensity of heat was not clearly 
defined until after the important work of Joseph Black 
on heat capacity. Gay-Lussac’s work on the effect of 
heat on the expansion of gases follows logically from the 
work of Lavoisier and Laplace on the nature of heat.’ 
At this point in the development of the study of gases 
the students should be led to see that the stage was set 
for the discovery of Charles’s law. Charles carried out 
his experiments in 1787 using oxygen, nitrogen, carbon 
dioxide, and air. If Gay-Lussac had not independently 
discovered the law, most certainly another scientist 
would have done so and at about the same time, 1802." 

Since Gay-Lussac had learned the technique of han- 
dling zases he continued work on them, and with Alex- 
ander vca Humboldt he reinvestigated the relations of 
the volumes of hydrogen and oxygen that combine to 
form water. In a class of students there will always be 
a few who will think of the question that must have 
presented itself to Gay-Lussac when the relation of the 
combining volumes of hydrogen and oxygen had been 
found to be 2 to 1. -Is the whole-number relation of the 
volumes of hydrogen and oxygen peculiar to the reac- 
tion of these gases or is such a relationship characteris- 
tic of other gases? The answer is to be found in Gay- 
Lussae’s law of combining volumes published in 1808. 
A demonstration! of the law as applied to the com- 





6 Ann. Sct., 2, 474 (1937). 

7 Parrerson, L. D., Isis, 38, 155 (1948). 

8 Buack, J., “Lectures on the Elements of Chemistr. yy John 
Robison, Philadelphia, 1807, Vol. I, 73-8, 329-37. 

9 OsTWALp, W., ‘‘Klassiker der Exakten Wissenschaften,” 
No. 40, Engelmann, Leipzig, 1892. 

10 Gay-Lussac reached the conclusion that all gases expand to 
the same extent through equal ranges of temperature. The 
coefficient of expansion found by Gay-Lussac amounted to 
0.00375 (*/2). The value today is 0.00366 (precisely 1/273). 
Ostwald’s ‘“‘Klassiker der Exakten Wissenschaften,’ No. 44, p. 
20. 

11 Fow ss, G., ‘Lecture Experiments in Chemistry,” G. Bell 
and Sons, Ltd., London, 1937, pp. 344-7. 
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bination of hydrogen and oxygen is troublesome to set 
up, but it is certainly appreciated by the students. 

For the next important step in the historical approach 
to the study of gases the scene shifts from Paris to 
northern Italy to the study of Amadeo Avogadro, a 
professor temporarily out of a job. There were almost 
no students in his classes, due to the confusion brought 
about by the advance of the French Army into Italy. 
Avogadro had been educated in canon law, and it can 
be assumed that he was well versed in the deductive 
method of reasoning. His interest, however, was not in 
law but in mathematics and physics. In 1809 he had 
been appointed to the post of professor of physics in the 
College of Vercelli. Avogadro, an almost self-taught 
mathematician and physicist, had kept up with the ad- 
vances in nautral philosophy made in England and con- 
tinental Europe. He was interested in Dalton’s work 
on gases and Dalton’s atomic theory. He read the 
French scientific journals and had followed the work of 
Gay-Lussac. Wondefing why gases behave similarly 
with respect to changes in temperature and pressure, 
Avogadro assumed that gases were composed of mole- 
cules separated by relatively large distances, and that 
in equal volumes of gases at the same temperature and 
pressure there must be the same number of molecules. 
With the publication of Gay-Lussac’s paper on the com- 
bining volumes of gases Avogadro recognized a confir- 
mation of his hypothesis. He therefore published the ex- 
planation (the now well-known Avogadro’s Theory) in 
1811 in the same French journal in which Gay-Lussac 
and von Humboldt’s paper on water had appeared.!? 
In his paper Avogadro distinguishes between atoms and 
molecules, calling them elementary molecules and inte- 
gral molecules, respectively. The French School, with 
the exception of Ampére who published a paper of 
somewhat similar nature in 1814, ignored the hypothe- 
sis of Avogadro. Dalton, who really did not under- 
stand the principle of combining volumes as set forth 
by Gay-Lussac, of course ignored it.1* Even the great 
Berzelius did not realize its importance. The world of 
chemistry was not ready to accept and use the concept 
of Avogadro. For the next twenty-five years, Avogadro 
wrote papers and pubiished experimental work on the 
determination of molecular and, atomic weights using 
the hypothesis. To no avail. It was not accepted until 
1860, when Cannizzaro, at the meeting at Karlsruhe, 
showed the significance of Avogadro’s hypothesis and 
its great value in the determination of molecular and 
atomic weights. 

With this background on the study of gases the teach- 
ing of the concepts of gram molecular volume and 
Avogadro’s number is sirnple, and the students are pre- 
pared to appreciate the assumptions of the kinetic 





12 “Les Classiques de la Science,’ Vol. IV, preparé par M. 
Henry Le Chatelier, Librairie Armand Colin, Paris, 1922, pp. 
15-29. The Alembic Club Reprint, No. 4, University of Chicago 
Press, Chicago, 1923, pp. 28-51. 

18 LaADENBURG, A., “Lectures on the History of the Develop- 
ment of Chemistry Since the Time of Lavoisier,” translated from 
the second German edition by Leonard Dobbin, The Alembic 
Club, Edinburgh, 1900, p. 60. 
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molecular theory and to proceed to the consideration of 
later work on gases and vapors. 

But the instructor may be a “chemical chemist,” one 
who covers the subject of gases as rapidly as possible so 
that more time can be spent on what he considers pure 
chemistry. Is there another topic the historical ap- 
proach to which would accomplish almost the same re- 
sults as far as the training of the students is concerned? 
There are many. For the first semester’s work I would 
suggest the development of the law of definite propor- 
tions. In this case the instructor might begin with the 
metallurgy of Agricola, about 1550. The alchemists of 
the sixteenth century may have believed that metals 
are generated within the earth in the same sort of way. 
that plants grow on the surface of it; but Agricola and 
the metallurgists of his time knew that from a certain 
weight of ore dug out of the mine only a certain definite 
weight of metal could be obtained from it. The contro- 
versy between Berthollet and Proust at the beginning 
of the nineteenth century on the Iaw of constant compo- 
sition offers all sorts of possibilities in the presentation 
of the dynamic quality of science. President Conant in 
“On Understanding Science” reviews in some detail the 
case histories, as he calls them, of the phlogiston theory 
and of the early work on combustion. 

In the second semester one topic that can be devel- 
oped most effectively by the use of the historical ap- 
proach is the ionization theory. The instructor might 
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begin with the discovery of the chemical cell by the 
Italian physicist, Volta, in 1800 and its use in the same 
year by two Englishnten, Nicholson and Carlyle, to de- 
compose water. The isolation of the alkali metals by 
Davy in 1807 and the discovery of the laws of electroly- 
sis by Faraday in 1833 would follow logically and lead 
to the subject of conductance in solutions of acids, 
bases, and salts. The correlation of the work of Arrhe- 
nius, Ostwald, Raoult, and van’t Hoff in the establish- 
ment of the theory of ionization offers an excellent op- 
portunity to show the value of cooperation among 
scientists in advancing a new theory. 

There is no question in my mind as to the value of 
the historical approach in the teaching of any science 
provided the instructor develops the topics chosen with 
skill and enthusiasm. This is saying what all of us 
know: that in the last analysis the success of any 
method of teaching any subject depends on the teacher, 
on his training, his scholarship, his interests. A good 
teacher is not a standardized, patterned individual; a 
good teacher will teach according to his own convictions, 
in his own way. I feel certain, however, that if the 
value of the teaching of a few topics from the point of 
view of the historical development of the subjects were 
brought to the attention of many of the young men and 
women who are studying now to become teachers of 
chemistry, some of them might use the historical ap- 
proach with great success. 


te CHEMISTRY IN THE FOUR-YEAR COLLEGE OF 
PHARMACY CURRICULUM’ 


Puarmacy is an ancient and honorable profession 
possessing a wealth of historical background and tradi- 
tion. It occupies an important position among the 
present Public Health professions and holds promise of 
becoming even more important in the future. In addi- 
tion to his traditional functions of preparing and dis- 
pensing medicinals we see a trend toward the use of the 
pharmacist, with his scientific training, as a means of 
dissemination of public health information. He is be- 
coming increasingly important as a consultant to the 
physician on such matters as dosage, mode of adminis- 
tration of medications, and the pharmacological action 
of drugs. 





1 Presented before the New England Association of Chemistry 
Teachers, St. Thomas Seminary, Bloomfield, Connecticut, March 
27, 1948. ' 


WALTER R. WILLIAMS 
University of Connecticut College of Pharmacy, 
New Haven, Connecticut 


In the last few decades, pharmacy has been passing 
through a period of transition from apprentice to college 
trained personnel, somewhat similar to that once ex- 
perienced by medicine and dentistry. Even though in 
1900 several American Schools of Pharmacy were well’ 


established and already teaching pharmacy in academic 


full-day courses as a scientific discipline (and not in 
evening courses as a supplement to store practice), no 
state then required college training for licensure to 
practice pharmacy. In 1916 only seven states required 
graduation from a College of Pharmacy as a prere- 
quisite for licensure. Gradually as the value of college 
training in pharmacy gained recognition, the original 
two-year curriculum was changed to one of three years 
and, in a short time, to a full four-year course. Since 
1932 a full academic, four-year study has been recog- 
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nized as the minimum course by those schools of phar- 
macy holding membership in the American Association 
of Colleges of Pharmacy. In 1947 forty-five states re- 
quired graduation with a degree of Bachelor of Science 
in Pharmacy as prerequisite to licensure to practice 
pharmacy. 

A survey of the curricula of the 72.colleges of phar- 
macy in the United States today shows that nearly all 
offer courses in at least three of the four fundamental 
subdivisions of chemistry, namely: inorganic, organic, 
and analytical. Many also offer physical chemistry, 
especially for those who intend to do graduate work and 
research, or enter the field of pharmaceutical manu- 
facturing. 

Some Colleges of Pharmacy present courses in the 
chemistries which are almost exclusively specialized and 
apply only to pharmacy and its related sciences; others 
offer courses which are a blend of the regular academic 
type with some specialization. The major portion of 
colleges, however, present regular academic work in 
chemistry in the first two years of study and then con- 
struct the advanced courses on a more specialized basis 
of pharmaceutical application. The latter arrangement 
obtains at the University of Connecticut College of 
Pharmacy. 

In the first year is included a prescribed course in 
general inorganic chemistry. This is the same type 
chemistry as is given in most academic colleges, ever- 
increasing stress being placed on the physicochemical 
aspects of matter and less time being spent on the so- 
called descriptive chemistry. Matter is studied from 
the viewpoint of electronic structure, and properties 
and uses are correlated with structure. Problems are 
widely used to illustrate laws and principles. 

In the first year laboratory a manual has been selected 
which places the accent upon experiments of a quanti- 
tative nature rather than a series of short test tube ex- 
periments, although some of the latter ‘are included 
since they are best suited to a study of the properties of 
the common elements and their compounds. Early in 
the laboratory work the student becomes familiar with 
the use of the torsion type prescription balance which is 
sensitive to 5 milligrams with a maximum load of 50 
to 100 grams and in some experiments weighs to the 
nearest +5 milligrams. Results obtained in such ex- 
periments as the determination of the atomic weight of 
lead by gravimetric procedure (dissolving c.p. lead in 
nitric acid and precipitation and weighing as the chlo- 
ride), determination of the valence of magnesium by 
displacement of hydrogen and determination of the 
molecular weight of naphthalene or some unknown 
organic compound by freezing point depression and 
boiling point rise of a solution in carbon tetrachloride 
or benzene are more than satisfactory. Furthermore, 
weighing to the second or third decimal place makes 
later discussions of the degree of accuracy and limita- 
tions of the above methods assume greater significance 
to the freshmain student. 

In the sophomore year are offered the aghintical 
chemistries along with organic chemistry. Inorganic 
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qualitative analysis in the first semester is followed by 
inorganic quantitative analysis in the second semester. 
With but few exceptions, pharmacy colleges throughout 
the country have retained qualitative analysis as a 
separate course and have not incorporated it into the 
first-year general inorganic chemistry. The majority 
of them offer the regular academic type course with 
some special procedures peculiar to pharmaceutical 
analysis toward the end of the course, Thus, at our 
college the student is required to be able to solve prob- 
lems based upon the common solution phenomena such 
as Ky, Kion, K;.p., etc. Known and unknown mixtures 
(liquid and solid), consisting of the common anions and 
cations, are separated and identified. Then the quali- 
tative analytical procedures peculiar to pharmacy are 
studied by way of a few typical compounds official in 
the United States Pharmacopoeia XIII. Such a com- 
pound is hydrochloric acid requiring a modified Gutzeit 
test for arsenic and a heavy metal test (a blanket test 
using a control solution of lead nitrate to show presence 
of permissible or excessive amounts of heavy metals 
which are precipitated by hydrogen sulfide). 

While quantitative analysis is made a highly special- 
ized course in some colleges of pharmacy, many others 
including our own, offer the usual analytical course in- 
cluding the common gravimetric and volumetric pro- 
cedures. Wherever choice allows, however, compounds 
and procedures official in the United States Pharma- 
copoeia or National Formulary are selected: tincture 
of Iodine or Lugol’s solution (a solution of iodine in 
aqueous potassium iodide) for iodimetry, lime water for 
alkalimetry, tincture of ferric chloride for an iron com- 
pound, ammonium or sodium chloride for chloride ion. 
Aspirin makes an excellent sample for acidimetry and 
also serves to illustrate residual titrations. It is in this 
course that the embryo pharmacist learns to exercise 
due respect for the balance and for burets and pipets as 
measuring devices. Here he learns the significance of 
sensitivity of the balance, the importance of calibration 
of weights and the fine distinction between accuracy 
and precision. 

Because of its extreme inion as a prerequisite 
for such related subjects as physiology, pharmacology 
and pharmacy, organic chemistry is best offered in the 
second year. This is a regular college elementary or- 
ganic chemistry course in which no attempt is made to 
limit the compounds and procedures studied to those of 
pharmaceutical importance, for the classes of organic 
compounds which find no application at some point in 
pharmaceutical practice are few indeed. It is here that 
the student becomes familiar with the functional groups 
which are to become more important to him in his later 
studies of pharmacy and materia medica. The labora- 
tory entails typical methods of preparation of repre- 
sentative aliphatic and aromatic compounds, and a 
study of the reactions and properties of the various 
classes of compounds. A few experiments introduce the 
student to means of differentiation of one class of com- 
pounds from another, but no systematic identification 
of unknowns is carried out as in some academic courses. 
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By the end of the sophomore year the pharmacy 
student has received a sufficient foundation in chemis- 
try so that he is able not only to undertake a study of the 
more specialized chemistries related to his major field— 
pharmacy—but can more intelligently advance in his 
study of such sciences as physiology, bacteriology, and 
pharmacology. 

One of the specialized chemistry courses as applied to 
pharmacy is that referred to as drug assay or drug analy- 
sis. This is offered as an elective in the junior year and 
includes such procedures as alkaloidal assay, ash and 
moisture determinations, and analysis of volatile oils 
for certain specific principles such as total esters, alde- 
hydes, or ketones. In addition such physicochemical 
tests as determination of solubility, specific gravity, re- 
fractive index, and rotatory power are utilized as a 
means of establishing the purity of a medicinal sub- 
stance. 

Of the applied chemistries offered in the senior year, 
one of the most important is that called pharmaceutical 
chemistry. This is a two-semester course and in many 
colleges of pharmacy includes laboratory as well as 
didactic exercises. The work of the first semester in- 
cludes some advanced inorganic chemistry and places 
special emphasis on the preparation, properties, and 
therapeutic uses of those elements and compounds 
which are official in the United States Pharmacopoeia 
and National Formulary or are otherwise of pharma- 
ceutical importance. In the second semester the or- 
ganic chemistry of medicinal substances, their prepara- 
tion, reactions, and therapeutic classifications are 
studied. This phase of pharmaceutical chemistry is 
becoming more and more important as the number of 
organic medicinals which pass the clinical tests, are 
accepted by the medical profession, and become official 
in U.S.P. or N.F. is growing at an ever increasing rate. 
Mention of such organic medicinals as the sulfona- 
mides, the estrogenic hormones, and the anti-hista- 
minic substances should suffice to make the reader con- 
scious of this trend. 

Biochemistry is another elective which is usually 
offered in the senior year. As given in most colleges of 
pharmacy, including our own, it is essentially a labora- 
tory course in which emphasis is placed more upon the 
human aspects of biological chemistry. Laboratory 
exercises include inspection of urine samples, work in 
blood chemistry, and'a study of the metabolism of 
carbohydrates, fats and proteins. A study of the 
vitamins and hormones and determination of sulfona- 
mides in blood and urine are also taken up. The aim 
is not to produce finished technicians but rather to in- 
still in the presumptive pharmacist an appreciation of 
and the ability to critically evaluate clinical data. 

Some other elective courses of a chemical nature, not 
offered by the University of Connecticut College of 
Pharmacy at present, but worthy of mention here since 
they are found rather frequently in other College of 
Pharmacy catalogs, are: chemotherapy, chemical 


microscopy, chemistry of colloids, plant chemistry, food 
and drug assay, guide to chemical literature and semi- 
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nars of various sorts. The varied requirements of certain 
localitiesas wellas the type of position in which the gradu- 
ate pharmacist intends to serve account for the in- 
clusion of such specialized courses in the curriculum. 
Our senior students do enjoy one semester of seminar 
work in which the majority of subjects reported upon 
are invariably newer organic medicinals. The student 
is required, however, to briefly cover the pharmaco- 
logical and pharmaceutical applications as well as the 
chemistry of such substances. This makes for an ex- 
cellent correlation of chemistry with the other basic 
sciences upon which pharmacy is founded. 

Time and space will not allow for an extensive dis- 
cussion of the many applications which the practicing 
pharmacist may make of his training in chemistry, so 
that a few random generalities will have to suffice. 
Proper storage and preservation of both chemicals and 
preparations affected by atmospheric moisture or oxy- 
gen as well as by heat and light can best be accom- 
plished by the pharmacist if he is familiar with the prop- 
erties of these substances. Of what avail that he 
weigh carefully on a class A prescription balance in 
sufficient quantities tq reduce the error to accepted 
tolerances if the substance being weighed has deli- 
quesced or partially effloresced? In this same vein of 
thought the pharmacist must be able to recognize or, 
if he suspects it, test for deterioration in his compounds 
and preparations so that he will not be dispensing agents 
of reduced or no therapeutic value. When two or more 
chemical substances are to be compounded into a single 
prescription there is always an opportunity for chemical 
incompatibility to occur. Should this occur, the phar- 
macist must be able to avoid or overcome the incompat- 
ibility, or if this is not possible suggest some alternative 
procedure to the prescribing physician. Colloid chemis- 
try is finding wider application in pharmacy in such 
cases as the use of emulsions as a means of administering 
medicinal agents, of newer types of bases for ointments 
superior to the older fatty or hydrocarbon bases, and of 
colloidal forms of medicinal agents like sulfur and silver 
proteinate. Since such a large percentage of medication 
is administered in solution form a thorough familiarity 
with solubilities and knowledge of solution phenomena 
is extremely important to the pharmacist. A recent 
trend in this particular field is the careful regulation of 
osmotic pressure (isotonicity) of preparations intended 
for use in the eyes or nasal passages, thus producing a 
preparation exhibiting less discomfort to the patient 
and possessing enhanced therapeutic value. 

Because the pharmacist, unlike the physician, offers 
a material commodity (the prescription) in addition to 
his professional service, he is too often considered by 
the public as just another businessman like the butcher, 
the baker, and the grocer. Too often the professionai 
aspect of the pharmacist’s calling is entirely overlooked. 
The modern college-trained pharmacist is gradually 
gaining, both from the physician and society, the re- 
cognition for pharmacy which it rightfully deserves 
by applying this training toward the betterment of 
public health and well being. 
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COMPOUNDS' 


TYPICAL ORGANO-METALLIC COMPOUND-FORMING 


The terms ‘‘organo-metallic” or ‘“metallo-organic”’ 


are not properly descriptive of the compounds that are 
formed between hydrocarbon groups and atoms of 
metallic elements. In these compounds, the elements 
in question function in their nonmetallic rather than in 
their metallic capacity. There is only one series of 
organo-metallic compounds known whose members 
exhibit metallic properties; these are the monoalkyl 
mercury compounds (1). In compounds such as stan- 
nie or stannous chloride, for example, tin is acting in its 
metallic capacity, that is, it is functioning to supply 
electrons to chlorine to form something approximating 
an electropolar compound. In compounds such as 
tetraethyltin, the tin atom is joined to carbon atoms by 
covalent bonds. Tin, in tetraethyltin, functions in the 
same manner as does nitrogen in triethylamine, oxygen 
in diethylether, or chlorine in ethyl chloride. 

Before proceeding further, let us examine the ele- 
ments that form organo-metallic compounds. It may 
be pointed out, here, that the hydrides of these ele- 
ments are properly included among what we call or- 
ganic-metallo compounds, for, in these compounds with 
hydrogen, the metallic elements are functioning in the 
same manner as in their compounds with hydrocarbon 
groups. 

The elements that form compounds with hydrocarbon 
groups are those of the first to the seventh groups (in- 
clusive) of the periodic system that lack from seven to 
one electrons in their outermost shell over that of the 
rare gas configuration. They include all the elements 
in these groups in the two periods of eight and the 
terminal elements of the long periods. While some of 
the transition elements, such as chromium; form com- 





TABLE 1 
Elements That Form Organo-Metallic Compounds 


Cc 
Si 

Cu Zn Ga Ge As 
Sn 
Pb 





Se Br 








‘This paper was presented at the symposium on" organo- 
metallic compounds at the meeting of the American Chemical 
Society, Chicago, Illinois, April 20, 1948. 


THE CHEMISTRY OF ORGANO-METALLIC 


45 





CHARLES A. KRAUS 
Brown University, Providence, Rhode Island 


pounds with hydrocarbon groups, they are usually of 
low stability and often they are difficult to prepare, if, 
indeed, they can be prepared at all. 

The elements with which we are concerned are indi- 
cated in the following table where, to avoid confusion, 
we note down only the elements of the intermediate 
fourth group and the terminal elements of the first long 
period. 

These thirty-five elements are the most important ele- 
ments of the periodic system. Their compounds with 
carbon form the foundation upon which modern organic 
chemistry is based. 

The elements which we are now considering fall into 
three distinct groups: (1) elements of the fourth group; 
(2) elements of the fifth, sixth, and seventh groups; 
and (3) elements of the first, second, and third groups. 

The elements of the fourth group are characterized 
by their ability to form stable polyatomic negative ions 
whose salts are soluble in suitable solvents. Thus, lead 
forms the compound NayPby (2), which is readily solu- 
ble in liquid ammonia and is ionized into the ions Nat 
and Pb~. 

Elements of the 5th, 6th, and 7th groups also form 
polyatomic negative ions whose salts are soluble in 
liquid ammonia. But these elements also form another 
important class of compounds which are not formed by 
the elements of the fourth (or any other) group, namely, 
the onium compounds. Thus, wé have the well-known 
ammonium, sulfonium, and iodonium salts. The 
onium groups are, in effect, synthetic metals, closely 
resembling the alkali metals in their electrochemical 
properties and exhibiting metallic properties in the free 
state when in solution in suitable solvents. 

The elements of the first, second, and third groups do 
not form soluble polyatomic negative ions. 


TYPICAL ORGANO-METALLIC COMPOUNDS AND 


' THEIR PROPERTIES 


Let us now consider the different types of compounds 
formed by elements of the fourth group. Typical ex- 
amples are indicated in the following table, where A 
represents a fourth group element; R, a univalent hy- 
drocarbon group, or hydrogen; and X, an equivalent of 
an electronegative element. 

In the casé of tin, examples are known of all types of 
compounds indicated in the table. For other elements 
of the fourth group, some of the types are missing. 

Let us now consider the properties of the different 
types of compounds illustrated in the above table. 
Compounds such as R,A are among the stablest of the 
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TABLE 2 
Types of Organo-Metallic Compounds of Fourth Group 
' Elements 
I. RA Ry_-xAXx AX, 
II. R;AM ReAMez _ (ReA)aMe 
II a. (R3A)2 Ren + 2An 


IV. (ReA)y 





known compounds, when R is an organic group; when 
R is hydrogen, only the derivatives of silicon and ger- 
manium are stable under ordinary conditions. How- 
ever, mixed derivatives of alkyl or aryl groups and hy- 
drogen are more stable, particularly in the case of com- 
pounds containing only one hydrogen atom attached to 
the central atom. Thus, (CH;)3SnH is a stable com- 
pound (3). The stability of the carbon-metal atom 
bond increases greatly with decreasing atomic number 
of the central atom. 

Compounds of the type RsAX are somewhat salt-like 
in character. While the pure compounds in the liquid 
state are indifferent electrical conductors, their solu- 
tions in basic solvents, such as alcohols and amines, are 
good conductors (4). These compounds resemble the 
corresponding triarylmethyl derivative in many re- 
spects, except that with the metallic elements there is 
little difference between aryl and alkyl derivatives. 

Compounds of the type R3AX are relatively stable 
toward hydrolysis or ammonolysis in. the case of the 
elements of higher atomic number, but they usually 
ammonolyze in the case of silicon and, in many in- 
stances, in the case of germanium. At times, ethyla- 
mine may be employed advantageously in place of 
ammonia in order to avoid ammonolysis. Phenyl 
derivatives appear to be somewhat more stable toward 
ammonolysis than are corresponding alkyl derivatives. 

As the number of halogens attached to the central 
atom increases, the tendency to ammonolyze increases. 
The dihalides of tin-are stable but the corresponding 
derivatives of germanium and silicon ammonolyze 
readily. 


SALTS OF ORGANO-METALLIC GROUPS 


The compounds of Type II are among the most in- 
teresting and useful in the whole field of metallo-organic 
chemistry; they are the reagents by means of which 
we are able to couple various groups with other groups 
or elements (6-7). Normally, these compounds are 
strong electrolytes (9-11).. They are usually very 
soluble, not only in solvents of higher dielectric con- 
stant, such as liquid ammonia, but also in solvents of 
low dielectric constant, such as ether or benzene. At 
times, solutions in solvents of the latter type are of 
great importance in the synthetic chemistry of organo- 
metallic compounds. 

Compounds such as RsAM are stable in liquid am- 
monia solution in the case of tin and usually in the case 
of germanium. In the case of silicon, ammonolysis 


frequently occurs, particularly with alkyl derivatives. 
In some instances, the difficulty may be overcome by 
employing ethylamine as solvent. 


More often, if the 
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salts can be prepared otherwise, they may be employed 
in solution in an inert solvent such as ether. Salts of 
the type (ReA),Me have thus far been obtained and 
used only in the case of tin (8). 

Salts such as RsAM may readily be prepared by re- 
duction of the corresponding halide R;AX with two 
equivalents of alkali metal in liquid ammonia, if the 
halide does not ammonolyze. This procedure is gener- 
ally operative in the case of tin and, in a more limited 
way, in the case of germanium. With silicon, this pro- 
cedure is successful in very exceptional cases only. 

More generally, these salts are prepared by reducing 
the dimeric group (R3Ge)2 by means of alkali metals in 
ammonia or the amines. The dimeric groups (R;A), 
may be prepared by reducing the corresponding halide, 
R;AX, with alkali metals in neutral solvents, such as 
xylene, or, in the case of silicon, by reducing the pure, 
molten halide. 

With germanium, compounds such as (R3Ge)2, may be 
reduced to alkali metal salts, RsGeM, by means of 
alkali metals in ammonia or ethylamine. In the case 
of silicon, this procedure is inapplicable because of the 
stability of the Si-Si bond. Here, the difficulty may, 
at times, be overcome by coupling the silicon group 
with a similar group of an element of higher atomic 
number. Thus, lithium triethylsilicide may be pre- 
pared by reducing the mixed compound EtsSi-GePh; by 
means of lithium in ethylamine (1/2). The Si-Ge com- 
pound may be prepared by reacting Ph;GeNa with 
EtsSiBr in benzene solution. The germamide may be 
prepared by reducing (Ph;Ge)2 with sodium in liquid 
ammonia. 

At times, unusual and useful compounds are met 
with. When Ph,SiBr is reduced with lithium in 
ethylamine (13), the following reaction occurs: 


Ph,SiBr + Li + C:H;NH: = Ph,Si-C,H;NH: + LiBr (1) 


The complex of the triphenylsilicyl group with ethyl- 
amine is stable, volatilizing in a high vacuum at 150°C. 
without decomposition and melts at 45°C. It is re- 
duced to Ph,SiLi by lithium in ethylamine and the salt 
reacts with phenyl bromide to yield tetraphenylsilicon; 
with Me;SnCl in liquid ammonia, it yields Ph,Si-Sn- 
Mes. 

Compounds of the type R3sAM are valuable reagents 
for coupling the group R;A with other groups. As an 
example, we may consider the reaction of PhsGeNa with 
silicochloroform, HSiCl;. The reaction carried out in 
ether solution proceeds as follows (14): 


3Ph;GeNa + HSiCl; = (Ph;Ge)SiH + 3NaCl (2) 


The product tri-triphenylgermanylsilicane is a stable 
compound. The hydrogen may be replaced by halo- 
gens or reduced by alkali metals. Salts of higher type, 
such as RaAMe, or (ReA),Me, have, with rare excep- 
tion, been obtained only in the case of tin (8). The 
hydrolysis of the polyhalide derivatives makes it diffi- 
cult to prepare the desired compounds in the case of 
germanium and silicon. 

So, also, compounds of the type (ReA), have been 
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obtained only with tin (8), if we except a similar com- 
pound in the case of the germanium hydrides (16). 
The compound R,Sn, when treated with two equiva- 
lents of sodium in liquid ammonia, yields the ternary 
salt NaSnR.Na; when treated with one equivalent, it 
yields the compound NaSnR2-SnR.Na, which is useful 
in synthesizing chains of tin atoms (8). 


SOME REACTIONS OF HYDRIDES 


We shall now proceed to a discussion of the reactions 
of the hydrides of germanium and related compounds 
and reactions. Germanium tetrahydride is particu- 
larly suited for the investigation of hydrides; it is 
readily prepared and is stable in air. 

When monogermane is passed through a solution of 
sodium in liquid ammonia, reaction takes place quanti- 
tatively according to the equation (16): 


GeH, + Na = NaGeH; + 1/:H2 (3) 


The compound NaGeHs, which we may call sodium 
germanyl, is a true salt (17) and very soluble in am- 
monia. It crystallizes from solution with six molecules 
of ammonia. Ammoniates containing 4!/, and 2 mole- 
cules of ammonia are also known, as is, also, the an- 
ammoniate, NaGeH;. All are white, crystalline sub- 
stances. The an-ammoniate, NaGeH;, decomposes 
slowly at —33°C. and much more rapidly at higher tem- 
peratures. Reaction occurs as follows: 


NaGeH; = NaGe + 3/:H2 (4) 


The brown solid of composition NaGe may be looked 
upon as a germano-acetylide. When treatéd with 
ammonium bromide in liquid ammonia, we have the 
reaction: 


‘NaGe + NH,Br = GeH + NaBr + NH; (5) 


The resulting brownish compound, which is stable at 
—33°C., loses hydrogen at higher temperatures accord- 
ing to the equation: 


GeH = Ge + '/.H (6) 


Potassium reacts with GeH, in a manner similar to 
that of sodium (17). The resulting compound, KGeHs, 
is exceedingly soluble in liquid ammonia, 1 mole in 4.6 
moles of ammonia. It crystallizes from solution, 
ammonia-free, and its properties closely resemble those 
of the corresponding sodium salt. ; 

When a solution of sodium germany] is electrolyzed 
in liquid ammonia with a mercury cathode, the anode 
reaction is as follows (17): 

6GeH;- + 2NH, = 6GeH, + N: + 6e~ (7) 
The affinity of the GeH; group for hydrogen is suffi- 
ciently high to reduce ammonia to nitrogen. 

The compounds NaGeH; and KGeH; are useful and 
convenient reagents for the purpose of coupling alkyl 
groups to germanium. The reaction 

NaGeH; + AlkX = AlkGeH; + NaX (8) 


is quantitative (17). 
In the case of the aryl halides the reaction, although 
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quantitative, proceeds in a very different fashion (17). 
We have, for example: 


NaGeH; + C.H;sBr = C,H, + GeH; + NaBr (9) 


The affinity of the phenyl group for hydrogen is such as 
to take a hydrogen atom away from the GeHs group, 
leaving a GeHe group which may be looked upon.as a 
germanoethylene. The remarkable fact about the 
GeHg group is its solubility in liquid ammonia. The 
compound GeH2 may be obtained as a white solid on 
evaporation of ammonia but it has a very low stability; 
it decomposes according to the equation: 


3GeH; = GeH, + 2GeH (10) 


The monohydride is identical with that obtained on 
treating NaGe with ammonium bromide. The dihy- 
dride reacts with one equivalent of sodium to form a 
stable solution of reddish brown color. 

It is an interesting fact that while compounds of the 
type R;AM react quantitatively with the alkyl halides 
with coupling of the organic group, it is the exception 
that coupling occurs in the case of aryl halides. Usu- 
ally, ammonia takes part in the reaction which, in a 
simple case, proceeds as follows: 


R;AM + CsHsX + NH; .= CeHs + RsANH2 + MX (11) 


Thus, when p-bromobenzylchloride is reacted with 
sodium triphenylgermanide, there is obtained benzyl- 
triphenylgermanium; the aromatic ring is hydrogen- 
ated and an amine is formed (18). 

Having monoalkylgermanes, the hydrogens may be 
successively substituted by an alkali metal and the 
germanium coupled to alkyl groups. ‘However, the 
substitution of hydrogen by metals in the mono- and 
poly-alkylgermanes is, as a rule, not quantitative (15). 
For example, in the reaction which might be expected to 
proceed as follows: 


CH;GeH; + Na = NaGeH:-CH; + 1/sHe (12) 


the amount of hydrogen evolved is much greater than 
one equivalent per atom of metal and the amount of 
germane required to complete the reaction is also 
greater than required by this equation. There is 
reason for believing that a side reaction occurs, some- 
what as follows: , 


RGeH; + Na + NH; = RGeH.(NH:2) + H: + Na (13) 


The precise role of the sodium remains uncertain but 
we shall return to an analogous reaction of triethyl- 
silicane in which all reactants are accounted for. 

The reduction of alkyl germanes proceeds somewhat 
more efficiently with lithium in ethylamine than in 
ammonia. With monomethylgermane, two atoms of 
hydrogen are evolved for one atom of lithium; on addi- 
tion of ammonium bromide, approximately 60 per cent 
of the original germane is recovered (15). 

On treating monoethylgermane with lithium in ethyl- 
amine, ethane is produced as well as hydrogen (1/4). 
Depending somewhat upon conditions, the amount of 
hydrogen is less than one atom per atom of lithium and 
the hydrogen and ethane, together, are equivalent to 
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the lithium used. The amount of ethylgermane re- 
acted is very nearly equivalent to the lithium employed. 
Yields of products of reaction of alkyl halides with the 
lithium salt show that some, if not all, of the ethane is 
derived from ethylamine. In the reduction, about 3.5 
atoms of hydrogen are evolved per mole of ethane. 
Isoamylgermane and ethylisoamylgermane appear to 
react with lithium in substantially quantitative pro- 
portion in ethylamine. 


REACTIONS OF ORGANO-METALLIC SALTS WITH 
ORGANIC POLYHALIDES 


The reaction of salts of the type MAR; with organic 
polyhalides is often a complex one; whether carried out 
in a neutral solvent or in liquid ammonia. In the latter 
case, ammonia frequently enters the reaction. The 
nature of the central element A, as well as that of the 
substituents, R, has a marked influence on the reactions 
(18,19). Thus, tri-triphenylstannylmethane is obtained 
when chloroform reacts with sodium triphenyltin (19), 
while the corresponding compounds are not obtained in 
the case of triphenylgermanium (22) or trimethyltin 
(20). 

We have seen that in reacting phenylbromide with 
sodium germanyl, benzene and the unsaturated ger- 
mane (GeHe) are obtained. A somewhat similar reac- 
tion occurs on treating chloroform with sodium tri- 
methyltin in liquid ammonia (20). The end products 
accord with the over-all reaction: 
2CHCl; + 6Me;SnNa = 2(Me;Sn)2 + Me;SnCH:CHSnMe; 

+ 6NaCl (14) 

The products may be accounted for by the breaking 
down of an initial tertiary substitution product accord- 
ing to the equation: ; 

2CH(Me;Sn); = 2(Me;Sn)2 + Me;sSnCH:CHSnMe; (15) 


Methylene chloride reacts quantitatively with sodium 
trimethyltin and sodium triphenyltin to yield the ex- 
pected disubstituted tin derivative (2/). With sodium 
triphenyltin and chloroform, the trisubstituted product 
is obtained (19). In the case of germanium, two simul- 
taneous reactions occur in one of which ammonia is 
concerned (22). Thus, we have: 


2Ph;GeNa + CH2Cle = (Ph;Ge)2CH2 + 2NaCl (16a) 


2Ph;GeNa + CH2Cl. + NH; = Ph;GeCH; + Ph;GeNH2 


+ 2NaCl (16b) 


In the second reaction, a carbon atom is hydrogenated 
by one atom of hydrogen from ammonia, the residual 
NH: group reacting with a triphenylgermanium group 
to yield an amine. With chloroform, a trisubstituted 
product is not obtained. 

With aromatic halides in ammonia, or the amines, the 
aromatic group is invariably hydrogenated and the 
amine, RsANHp, is formed (18). Because of the ease 


with which the latter compound is hydrolyzed, the 
metallo-organic group is ordinarily recovered as oxide. 

When aromatic halides are reacted with NaGePh; in 
a neutral solvent, the dimer (GePhs)2 is obtained (18). 
It is not known what becomes of the hydrocarbon resi- 


JOURNAL OF CHEMICAL EDUCATION 


due. When NaGePh; reacts with aliphatic polyhal- 
ides, with the halogens on the same or adjacent carbon 
atoms, the dimer (GePhs)2 is obtained. When, how- 
ever, NaGePH; reacts with a dihalide in which the halo- 
gen atoms are separated by two ar more CHe groups, 
coupling takes place (18). 

As was noted above, the alkali metals do not, as a 
rule, react quantitatively with the partially alkylated 
germanium hydrides with substitution of a hydrogen 
atom. Seemingly, reaction also occurs according to 
the equation: 


R;GeH + Na + NH; = R;GeNH2 + He + Na (17) 


This type of reaction has been well established in the 
case of triethylsilane (12). When this compound is 
treated with lithium in ethylamine, reaction occurs 
quantitatively as follows: 


Et,SiH + Li + EtNH: = Et,Si-NHEt + H: + Li (18) 


Reactions of this type are often met with in the case of 
silicon and germanium and they not infrequently ac- 
company other reactions. It is an interesting fact 
that we are here dealing with a reaction which is cata- 
lyzed by electrons in solution. 


REACTIONS WITH ALKALI METAL AMIDES 


When a hydride is treated with sodium or potassium 
amide in liquid ammonia, we should expect that the 
following reaction might occur: 


R;AH + KNH:; = R;AK + NH; (19) 


A reaction of this type occurs in many instances but 
never quantitatively. It is accompanied by a second 
reaction which, in some instances, is quantitative. 
Thus, in the case of triethylsilane, we have the quanti- 
tative reaction (12): 


2EtSiH + KNH: = (Et;Si)z2NK + 2H: (20) 
COUPLING REACTIONS 


The reagents of the type of RsAM are useful for coup- 
ling atoms and groups of different kinds. We have 
already mentioned the coupling of three triphenyl- 
germanium groups with silicon. In the same way, it 
has been found possible to couple three triphenylger- 
manium groups with boron through the reaction (18): 


3LiGePh; + BCl; = B(GePhs); + 3LiCl (21) 


In a similar manner, compounds such as EtsSi-GePh; 
(12), Ph;Si-SnMe; (18), Ph;Ge-GeEts (24), and GesPhs 
(23), have been prepared. 


REACTION OF TERNARY ORGANO-METALLIC SALTS 


Compounds of the type MzARz are valuable as re- 
agents in building up chains of organo-metallic groups. 
The sodium and potassium salts of the dialkyl and 
diaryl tin groups are readily obtained. They have 
been employed in building up chains of up to five tin 
atoms. Even in the case of tin, the Sn-Sn bond is 
sufficiently stable so that compounds of the type Na- 
R,Sn-SnR,Na and NaSnReSnRe-SnR2Na may be pre- 
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pared (8). Without doubt, such coupling would prove 
even more stable in the case of germanium and silicon. 
The existence of the germanium salts Nae(GePhe): and 
NasGePhe (23) has been established. Thus far, little 
use has been made of these compounds, chiefly because 
of the difficulty of obtaining the R2Ge group. 

In the foregoing discussion, we have considered only 
eases in which organic groups are coupled to metal 
atoms by means of a univalent bond. There is, at 
present, no convenient method for effecting a divalent 
coupling. In this connection, it is of interest to con- 
sider the reaction of methylene chloride with disodium 
dimethyl tin (8). The reaction takes place in two steps: 


2NaSnMe, + CHCl. = NaSnMe:CH:SnMe2Na + 2NaCl (22) 
(NaSnMes)2CHe + CHCl. — [(SnMez)2(CH2)s]x + 2NaCl (23) 


The compound as initially obtained is a liquid at room 
temperature, which becomes very viscous at low tem- 
perature. On standing, its viscosity increases and the 
material finally is converted to a resin, resembling 
rosin in many respects. Like rosin, the resin melts at 
higher temperature. The lowest molecular weight was 
1000,which corresponds approximately to six Me;SnCHz 
groups per molecule. 


CONCLUSION 


It will be evident, from the foregoing discussion, that 
the chemistry of the organo-metallic compounds of the 
fourth group elements is quite varied. The type of 
reaction that occurs depends on the solvent medium, 
the nature of the substituent groups and the central 
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element itself. On occasion, unexpected reactions 
occur involving carbon as well as hydrogen. As yet, 
our stock of knowledge with respect to the organo- 
metallic compounds and their reactions is too limited 
to permit extensive generalization. It would seem 
that further work in this interesting and somewhat 
neglected field should be in order. 
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& CORRELATION OF HIGH-SCHOOL AND COLLEGE 
CHEMISTRY COURSES' 


Ir we change the emphasis from the main verb in the 
subject set for this panel to its auxiliary, do, we create 
an opportunity for the discussion of many of the prob- 
lems which seem to demand consideration whenever we 
study the seemingly senseless repetition to which the 
student who offers an entrance unit in chemistry is ex- 
posed in his first-year chemistry course in college. Why 
do you repeat so much? 

The honest secondary school teacher will be the first 
to recognize that one reason why the colleges must 
reteach so much material is the uneven quality of the 
preparation of the candidates who present themselves 
for admission. Obviously, there must be much poor as 
well as much good teaching going on in our secondary 
schools, and reasons for such poor teaching are not hard 
to find. 

There are unquestionably some poor teachers in the 
high-school field: people who are not fitted in tempera- 
ment, interests, or training for teaching, people who 
should never have considered the teaching career. 
Such persons should not take much of our time in a dis- 
cussion of this sort. We have all met them, in the col- 
lege field quite as frequently as in the high-school class- 
room. 

A far more important factor in poor college prepara- 
tion is the type of conditions under which the majority 
of our teachers have to work. These conditions are too 
familiar to need more than a brief review. Faced with 
classes of 30 or 40, with a schedule of teaching hours that 
would stagger the college instructor, with innumerable 
extracurricular activities, with inadequate laboratory 
facilities, with laboratory periods too short and too 
few, the secondary school teacher is driven to “teaching 
from the text,” a practice that turns out students who 

. have had little training in laboratory techniques and a 





1 Part of a symposium on this subject presented at the Tenth 
Summer Conference of the New England Association of Chemis- 
try Teachers, Orono, Maine, August 23-28, 1948. 


Why Do You Repeat So Much?! 
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DOROTHY W. GIFFORD 
Lincoln School, Providence, Rhode Island , 


minimum of that individual attention to which the be- 
ginner in any science should be exposed. The all too 
large classes are frequently poorly sectioned, and in one 
division students whose intelligence quotients place 
them in the genius group may be working with individ- 
uals who will probably never be able to attend any col- 
lege. In those high schools where preparation for college 
is not the chief emphasis, and where the larger percent- 
age of the student body is not of college caliber, in jus- 
tice to the population the chemistry course must be ad- 
justed to the needs of the majority. Such adjustment is 
only fair and right, but students from such classes can- 
not help but come to the college poorly prepared, and 
they present a very real problem. 

To the teacher who is confronted by conditions like 
those which have just been outlined, some of us must 
seem to be working under ideal conditions. In my own 
institution, for example, a girl must make a B grade in 
college preparatory mathematics before she is permitted 
to take chemistry, and no laboratory section numbers 
more than ten. But we, too, have our problems to meet. 
True, we cannot offer the same reasons for poor teach- 
ing, but we are constantly exposed to the temptation to 
do work that results in poor preparation for college. 
I refer to the College Entrance Examination Board 
Achievement Tests which come the first Saturday in 
April. The majority of our students must make a good 
showing in these tests or we, since our function is teach- 
ing college preparatory chemistry, shall eventually find 
ourselves jobless. After all, if the school is to survive it 
must first of all get its students into college. Of course, 
the head of no reputable school says to his faculty, 
“Your students must do well in the April tests, or 
else . . .,”” but the fact remains that if, in the course of 
years, students do not make good scores in the chemis- 
try tests the impression gets around that the teacher is 
falling down on his job. Let no teacher fool himself (he 
fools no one else) by saying, “In my school we do not 
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prepare for college boards.’”’ Of course we do, a!l of us. 
Such preparation may be more or less unconscious, but 
it goes on all the same. In the back of the minds of us 
all is the thought that those tests are coming, and we 
cannot forget how large a part they play in the selec- 
tion of students for college. Some teachers meet this 
pressure—and it is terrific—by a simple expedient. 
They take a good high-school text and proceed to cover 
just as much material as they possibly can before the 
fateful Saturday in April. I have heard of one school 
where there is no laboratory work from Christmas vaca- 
tion until April in order that all the time may be de- 
voted to the mastery of facts. The College Entrance 
Examination Board stresses very emphatically that we 
should not prepare for these examinations, that we 
should “take them in our stride.”” My reply to that is, 
“Yes, of course, but see to it that your stride is a good 
swift gallop.”’ With no definite syllabus indicating the 
factual material to be covered by the test, and with the 
type of test question used, I have a very strong suspi- 
cion that a mass of material covered in a superficial way 
nets higher scores than less material more carefully 
done, but I have a more profound conviction that this is 
preparation for college boards and not preparation for 
college itself. Students so crammed mean real trouble 
for their college instructors. 

May I give an example of what I mean by the differ- 
ences in the types of preparation? In teaching the gas 
laws, the simplest procedure is to have the student 
memorize the three laws (although you can probably get 
by with two—the relation of volume and pressure, and 
the relation of volume and temperature. The number 
of students who do not know and cannot work out the 
relation of temperature and pressure is simply shock- 
ing!). Then the pupil memorizes the equation (PV/T) 
= (P’V'/T’). He is given problems in which he sub- 
stitutes values in a memorized formula—an exercise in 
algebra—and his knowledge of the gas laws is complete, 
that is, he can solve any problem which is apt to come up 
on the April aptitude test. This whole thing can be 
done in a day or a day and a half and is what I call 
teaching for college boards. 

Teaching for college preparation is quite different. 
Laboratory work and demonstrations can give a quan- 
titative and qualitative basis for the laws, and based 
on such laboratory material the expression of the laws is 
worked out. They are then memorized and explained 
in terms of the kinetic molecular theory. In exercises 
involving the solution of problems, the student is not 
permitted the use of the magic formula. In fact, we 
hope that he does not know of its existence. If he is 
solving for a new volume, for example, he must study 
his two pressures, decide whether the change will result 
in an increase or a decrease in volume, and then set up 
his increasing or decreasing fraction made up of his two 
pressures. He will follow the same procedure with his 
temperature changes. Each problem thus solved then 
becomes a real application of the gas laws, not-an alge- 
braic exercise. But we should not stop here, although 
this is the type of problem most apt to occur on the 
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achievement test. If he really understands the princi- 
ples involved the pupil should be able with equal ease 
to solve for new pressures, given varying volumes and 
temperatures, and for new temperatures, given varying 
pressures and volumes. Problems involving vapor 
pressure should offer no difficulty, and correction for dif- 
ferences in level when the gas is collected over water as 
well as over mercury are not beyond the student’s 
power. There is no reason why this work should be par- 
ticularly difficult if the student understands and has not 
merely memorized. (In fact, the chief difficulty with 
this method may come from parental interest, for all 
too frequently a student arrives one fair morning saying, 
“My father majored in chemistry when he was in col- 
lege, and last night he was showing me a much easier 
way of doing these problems. All you have to do is just 
substitute in the formula. . .,”’ and then the real trouble 
begins!). This is a method of presentation that takes 
time, actually the better part of a week, especially if we 
do as we should and include a laboratory exercise in 
which the gas laws must be used. Time, unfortunately, 
is the one thing which, in these days of the enlarged cur- 
riculum, has failed to expand. Actually, it takes all the 
moral courage which I have to follow each year the plan 
I have just outlined, and I always have a period of con- 
science searching on the Monday after the achievement 
tests as I hear of all the things that were on the exami- 
nation to which my girls had not been exposed. Those of 
us who teach in the secondary school where the empha- 
sis is‘on college preparation must remind ourselves al- 
most daily that our primary objective is to prepare our 
students for college and not for the entrance examina- 
tions. 

If, then, poor teachers, difficult teaching conditions, 
badly sectioned class personnel, and the pressure of 
preparing for the College Entrance Examination Board 
Achievement Tests account for the poorly taught ma- 
terial which comes to the college teacher, is he, on his 
part, blameless? Surely he is not. A second reason for 
the repetition of so much high-school material in the 
first-year college course is that there seems to be no 
agreement on the part of college teachers in regard to 
what they wish the pupil from the secondary school to 
know. It does seem as if there must be some minimum 
syllabus on which college teachers wish that they might 
definitely count. But what is it? The secondary 
school teacher is only too willing and anxious to please, 
but I have yet to see any syllabus formulated within the 
past five years that takes into consideration the early 
date of the achievement tests. There is a desperate 
need for a good statement of the minimum essentials on 
which the college teacher can really count, a statement 
formulated by a representative group of college and 
secondary school teachers and approved by a majority 
of the colleges to which we most frequently send our 
students. This should be a syllabus which does ‘not 
attempt to cover a great mass of material, which leaves 
to the secondary school teacher time for his pet subjects, 
and yet one which offers a sound basis on which the 
college can build. The repetition which takes so much 
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of the interest from the college course can then be 
avoided. 

A third reason why there is so much repetition is be- 
cause the colleges take so little trouble to find out what 
our pupils really do know. Far too many people in the 
college field believe that the secondary school teacher 
dies, intellectually and chemically, when he receives his 
college diploma, that the reason people teach in high 
school is because they are not bright enough to teach in 
college. Most secondary school teachers are quite will- 
ing to admit that they know less chemistry than does the 
college instructor, but they resent the attitude that their 
students are worse off than they would have been if 
they had had no high-school chemistry at all. “We 
have so much to undo, to unteach,”’ says the college in- 
structor, and without bothering to find out whether or 
not this is true (a most unscientific procedure!), the 
powers-that-be herd everyone into the same beginning 
course and are even a little proud of it. I recognize that 
this is a criticism which does not apply to a great many 
institutions where students with entrance credit in 
chemistry are offered a different course. Such pupils 
after a brief course which serves as a refresher and co- 
ordinator, go on to more advanced work. However, 
the selection of such students should not be automatic 
and should hinge on something other than mere expos- 
ure to high-school chemistry. In some colleges his score 
on the achievement test determines what course the 
student will take. Itis my own feeling that a good new- 
type test, scores on which could be used as a basis for 
sectioning, furnishes a better criterion. Such a test 
could be given during Freshman Week, and, if used over 
enough years and carefully correlated with freshman 
chemistry grades, could be a useful counseling device. 

What then can be done? Just how the poor con- 
ditions in the schools can be speedily remedied, I do not 
know. Obviously, a long range program of education of 
school officials and of parents is indicated. Such a pro- 
gram ought to emphasize some facts little realized by the 
general public. Too few people are aware of the strain 
involved in running a successful laboratory period. In 
many school systems a double laboratory period is con- 
sidered the equivalent in teaching load of a single class- 
room period. The public needs to be made to realize 
that, if anything, the laboratory period is harder work 
than a class period, that in a beginning science much in- 
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dividual attention with almost daily written work 
should be the rule, and that this sort of teaching cannot 
be done with the present pupil load. By what agency 
this public education program should be initiated is 
problematical. 

The question of the college entrance requirements 
seems to be less difficult. The College Entrance Exani- 
nation Board exists, after all, only bv virtue of its serv- 
ice to schools and colleges and must, in the long run, 
accede to the demands which they make. At the pres- 
ent time there is no College Entrance Examination 
Board syllabus in chemistry, and this lack leads to a 
tendency to try to cover the whole field before April. 
The New England Association of Chemistry Teachers 
seems an especially appropriate group to initiate the 
demand for such a syllabus. Composed as our mem- 
bership is of approximately equal numbers of college 
and secondary school teachers (and I understand that 
in this respect it is unique), it can speak with authority 
if it can present to the College Entrance Examination 
Board a syllabus, devised by a representative commit- 
tee, submitted to the membership for criticism and ap- 
proval, and approved by the chemistry departments of 
the New England colleges which are so widely repre- 
sented in its membership. 

Finally, I should like to see sponsored by this associa- 
tion or by the JouRNAL oF CHEMICAL EDUCATION an 
information service. Some of us are fortunate in teach- 
ing in places where there is a college or university. 
Certainly, the people in such institutions are more than 
generous in giving of their time and advice. Others are 
not so fortunate, and for them it might be a service of 
great value if there were a definite place to which they 
might turn for help. None of us likes to admit his ig- 
norance, but each of us would far rather bare his dif- 
ficulty to an understanding colleague than send pupils 
to college misinformed and incorrectly taught. 

Until certain problems are solved, the college teacher 
must continue to repeat much of the material given in 
the secondary school course with a resulting loss of time 
and interest. Somehow the way must be opened so that 
the high-school teacher may be permitted to teach less 
material, and we must be expected to do it in a better 
fashion. Having done so, we must be rewarded by 4 
wholehearted recognition of the worth of our efforts on 
the part of our colleagues in the college field. 
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e DISTILLATION AND RECTIFICATION 

Emil Kirschbaum, Professor, Karlsruhe Institute of Technology. 
Translated by M. Wulfinghoff, Engineer, Sanderson & Porter. 
Chemical Publishing Co., New York, 1948. xiii + 426 pp. 
936 figs. 52graphs. 14 X 22cm. $10. 


Tuts book presents an excellent development of the theory of 
separation by fractionation. The application of the theory to the 
determination of design requirements for separation of two- and 
three-component systems is presented with a thoroughness that 
renders it most valuable to the student and nonspecialized design 
engineer. Multicomponent systems are not treated as exten- 
sively as in comparable English texts and those methods which are 
given are inadequate. The translator could have supplied a 
valuable adjunct to the book by including in the appended refer- 
ences more references to multicomponent design methods which, 
have been presented in English periodicals (Underwood, Scheibel, 
Hengstebeck, Jenny, etc.). 

The graphical method for the determination of minimum reflux 
ratio and number of plates at finite reflux ratio for ternary sys- 
tems is ingenious; however, unless the ternary data and tie lines 
had been previously determined it is believed that standard multi- 
component calculation procedures would be more expedient. 

Batch operation relationships are discussed much more thor- 
oughly than in English works. This is probably a reflection of the 
relatively lower capacity of German industry with attendant 
increased usage of batch equipment. 

The effect of tray type, gas velocity, and pressure on plate 
efficiency are discussed in detail for ethanol-water. Although 
these data are not generally applicable to other systems the dis- 
cussion clarifies a number of general problems affecting tower 
performance. 

The translator has done an excellent job of transforming 
cumbersome technical German to smooth and easily followed 
English, A serious error, however, was the failure to change 
symbols to standard U.S. usage. Interpretation is many times 
more difficult when each symbol must be identified by thumbing 
through the text. 


F. G. PEARCE 
STANOLIND O1L AND Gas CoMPANY 
Tusa, OKLAHOMA 


 ) THE CHEMICAL CONSTITUTION OF NATURAL FATS 


I. P. Hilditich, Campbell Brown Professor of Industrial Chem- 
istry, The University of Liverpool. Second edition. John Wiley 
& Sons, Inc., New York, 1947. xiii + 554 pp. 114 tables. 11 
figs. 16.5 X 25.5 cm. $9. 


TuosE who enjoyed the first edition of this book will be equally 
pleased with the second. Aside from a considerable expansion of 
the chapters on the component fatty acids and glycerides of 
humerous fats of varying origin the most welcome additions in- 
clude the expanded sections on experimental techniques, the 
evaluation of experimental data, and a much more convenient 
system of indices. 

The excellent introductory chapter of the first edition has not 
been altered, aside from a more detailed explanation of the con- 
cept of “even distribution,” and it is hoped that comparable 
accounts of the natural fats will soon be found in textbooks on 
organic chemistry. Chapters II to IV, as in the earlier edition, 
are devoted to consideration of the component acids present in 
plant and animal fats of aquatic and terrestrial origin. All of 
these chapters have been expanded to include new informa- 
tion, particularly the added sections on the component acids of 
the depot fats of the amphibia, carnivora and omnivora, the 
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acids present in non-depot fats of the herbivora, and the expansion 
of the sections devoted to the component acids of milk fats and 
seed fats. In view of the amount of information available on the 
influence of diet upon the composition of the body fat of higher 
animals it is interesting to find a comparable situation reported 
for the land crab Birgus latro. 

Following the pattern of the first edition the component gly- 
cerides of the natural fats are considered in chapters V to VII. 
Chapter V is practically unchanged, whereas the other two chap- 
ters have undergone extensive revision. In both chapters VI 
and VII the general sections have been expanded, greater atten- 
tion has been paid to the separation of glycerides by fractional 
crystallization from acetone, the distinction between “random” 
and “even” distribution more carefully drawn, the section on the 
computation of proportions of principal component glycerides 
based on fatty acid composition greatly expanded, a new section 
on the optical rotary power of natural fats added, and the discus- 
sion of the component glycerides of the “‘stearic-rich”’ and milk 
fats markedly revised and expanded. 

The chapters (VIII to X) dealing with the biochemistry 
of fats, the individual fatty acids of natural origin, the 
synthetic glycerides, and the naturally occurring alcohols and 
glycerol ethers have been revised to include information up to and 
apparently including 1946. Although there are now available 
several monographs on the fatty acids which had not appeared at 
the time of the first edition the reviewer believes that Hilditch’s 
account continues to be of value because of its conciseness, organi- 
zation, and clarity. 

The reviewer strongly recommends that the final chapter on 
experimental methods be read prior to any of the other chapters 
save the introductory chapter, if for no other reason than to be 
continually aware of the proximate nature of the analytical 
technique. While it is unlikely that the basic concepts will need 
drastic revision it would appear desirable to had independent 
evidence relative to the component acids and glycerides of a 
number of fats. Such data could be obtained with the relatively 
powerful adsorption techniques that are now available. 

Whatever the author’s reasons were for initiating his studies 
on the natural fats it is clear that he has been principally respon- 
sible for a classic in the field of comparative biochemistry which is 
of interest to the biologist, chemist, and technologist. 


CARL NIEMANN 


CauiFornia INsTITUTE OF TECHNOLOGY 
PasaDENA, CALIFORNIA 


SYNTHETIC METHODS OF ORGANIC CHEMISTRY. 
VOLUME 1, 1942-44 


W. Theilheimer Interscience Publishers, Inc., New York, 1948. 


x +254 pp. 16 X 23.5cm. $5. 


Tuis is the first volume of a promised series which will very 
likely be of great value to practicing organic chemists. It is a 
review of the organic chemical literature beginning in 1942 from 
the point of view of the nature of the reactions involved rather 
than of the specific compounds concerned. The selection of 
material is dependent upon either a new set of conditions applied 
to an old reaction type with novel or important results, or, of 
course, any new reaction types which might have been developed 
in the interim covered. 

The problem in any such compilation is, of course, the method of 
classification of the reactions. This has been achieved to a 
degree in the present volume by an adaptation of the classifica- 
tion system used by Weygand in “Organic Preparations,’’ Inter- 
science Publishers, Inc., 1945, which depends upon the nature of 
the bonds formed together with the nature of the bonds broken. 
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This, after all, is the only system that would lend itself to 
complete classification and indefinite expansion to include any 
new reactions which may ultimately be discovered. This system 
of classification taken together with the current and continuing 
nature of the collection constitutes the novel contribution of this 
author to the field of reviews of organic literature. : 

In order to represent the various reaction types, the author h. 
invented a system of symbols which, at first sight, might appear 
a bit confusing. However, the familiarity with it which may be 
gained by an hour or two of close scrutiny is well worth the effort. 
In addition, for those who wish it, there is a conventional index. 
The literature references are not only to the original papers but to 
Chemical Abstracts as well. There is sufficient information given 
with each entry pertaining to the nature of the reaction, the speci- 
fic compounds on which it was tried, the conditions, and the yield 
to make possible a judgment as to whether or not the original 
literature should be sought. Furthermore, the novel system of 
classification brings together ideas which are not normally as- 
sociated and thus may open new and unusual paths of thought. 

There is no question as to the desirability of having this collec- 
tion available to all workers in synthetic or degradative organic 
chemistry. It makes possible a survey of the literature covered 
by it in a fraction of the time normally used. 

MELVIN CALVIN 


UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 


® SYNTHETISCHE METHODEN DER ORGANISCHEN 
CHEMIE, REPERTORIUM 2, 1945-46. 


W. Theilheimer, S. Karger Ltd., Holbeinstrasse 22, Basle, 
Switzerland. viii + 309 pp. 16 X 23.5 cm. 


This second volume which has just appeared in its German 
language edition is, as might be expected, a continuation based 
upon the same plan and intention as is described for the first 
volume and covers the years 1945 and 1946. However, as the 
author explains in his preface, the unavailability of American 
literature in Switzerland during that time has led him to separate 
this time interval (1945-46) into two volumes—the present 
volume, that is, Volume 2, to cover the European literature and a 
forthcoming Volume 3 to cover the American literature. 

The present volume contains a number of pages of further ex- 
position of the systematics used in the compilation which clears 
up a few of the questions left unsettled in Volume 1. It has the 
added advantage of having both indices, that is, the alphabetical 
and systematic, which completely cover both Volumes 1 and 2. 

There is no doubt but what this series will find its place in every 
library and laboratory concerned with organic synthesis. 


MELVIN CALVIN 


. 
University or CALIFORNIA 
BerR«kELeEY, CALIFORNIA 


* CHEMICAL CALCULATIONS 


J. S. Long, Chemical Director, Devoe & Raynolds Co., and H. V. 
Anderson, Professor of Chemistry, Lehigh University. McGraw- 
Hill Book Co., New York, 1948. Fifth edition. xiii + 401 pp. 


22 tables. 16 figs. 15 X 23cm. $3.75. Sas 


Tue fifth edition of this text is more than a new edition. It 
has been almost completely rewritten and is a new book. 

The introduction and thorough exploitation of the “‘label’’ or 
‘‘dimensional’’ method of problem-solving is an outstanding and 
highly commendable feature of the new text. It is obvious that 
great care has been taken to use the correct number of significant 
figures in the examples and in the answers to problems. The 
reviewer has been able to find very few inconsistencies in this field. 

The examples are clearly worked and explained, often by more 
than one method. Problems have been grouped so that each set 


deals with only one topic. These problems, both with and with- - 


out answers, are far more numerous than in the previous 
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editions and are numbered so that the chapters in which they 
occur can be identified. 

The new sections of the appendix on significant figures, ey. 
ponents, and logarithms are highly valuable since most beginners 
in chemistry are unfortunately very vague and inefficient in 
arithmetic and algebra. 

In the few pages devoted to the determination of molecular 
weight by boiling point rise and freezing point depression the 
labels used in the examples are inconsistent with those in the rest 
of the text. The reviewer has been assured that this defect, wil] 
be remedied in the next printing. 

The book is to be highly recommended for the group to which it 
s particularly designed, that is, for first-year chemistry students, 
The organization of material makes it easy to assign appropriate 
portions of Chemical Calculations as an authoritative text anda 
source of problems and exercises when it is time to consider 
nomenclature, chemical formulas, and equation writing. At the 
same time more advanced topics such as homogeneous equilibria, 
electrochemistry, and thermochemistry are adequately repre- 
sented. 

« The typography and format are excellent. 


THOMAS H. HAZLEHURST 
Lexsico UNIVERSITY 
BETHLEHEM, PENNSYLVANIA 


© MODERN METALLURGY OF ALLOYS 


R. H. Harrington, Research Laboratory, General Electric Co,, 
John Wiley & Sons, Inc., New York, 1948. xii + 209 pp. 49 
figs. 30tables. 15 X 22cm. $3.50. 


Mopern Metallurgy of Alloys is an elementary discussion of 
some of the fundamentals of Physical Metallurgy. The definition 
of metallurgical terms contained in this book is very helpful to 
the beginner, but it is unfortunate that the author still refers to 
“troostite” and ‘‘sorbite’’ as structures obtained in steel by 
specific heat-treatments. 

Dr. Harrington classifies the hardening operation into three 
groups, 7. ¢., (a), allotropic modifications, (b), cold working, and 
(c), precipitation hardening, and presents a clear discussion of 
each classification. 

The chapter on equilibrium diagrams is very good. However, 
a few diagrams are shown with intermetallic compounds as single 
compositions in place of a range of composition. This is apt to 
lead to confusion in properly interpreting the diagrams. 

Dr. Harrington’s elementary discussion of the physics of 
solids, which is approximately fifty per cent of the book, should 
prove very stimulating to the student of metallurgy and should 
create a desire in the student to delve more deeply into this im- 
portant phase of the subject. 

The book is well written and can be recommended for both the 
beginning student and practicing metallurgist who has found 
little time to keep up on some of the modern phases of theroetical 


physical metallurgy. 
C. A. SIEBERT 


UNIVERSITY OF MICHIGAN 
Ann ARBOR, MICHIGAN 


e CHEMICAL AND TECHNICAL STENOGRAPHY 


James Kanegis, Technologist, U. S. Department of Commerce, 
Washington, D. C. First edition. James Kanegis, P. O. Box 
1121, Washington, D. C., publisher, 1947. v + 387pp. 14.5 X 
22.5cm. $5. 


Grris, and men too, if I may be so bold, are your shorthand 
notes becoming tired, worn-out looking, and frayed at the edges?? 
Do you have difficulty transcribing slight chemical terms such as 
carboxymethyleellulose? If so, then you are in need of a recon- 
version program such as can only be found in that new book by 
James Kanegis “Chemical and Technical Stenography.” You'll 
find that a chemist uses a wealth of interesting information in his 
dictation (if you can only transcribe it). After years of inter- 





JAN 


retin 
tfind 
Yes 
field, 
think 
scient: 
act or 
langus 
atom | 
To, 
ject a 
usage 
versed 
this p 
“May 
that t 
doesn’ 
or Sn ( 
day tr: 
tor on 
man G 
intrica 
will be 
carbon 
as free’ 
“beat 1 
One 
definit¢ 
of thes 
are qui’ 
li 
always 
the Gre 
contain 
Ane 
and sy1 
toactini 
A det 
atom, si 
the ord 
This, ai 
Chemie: 
The fas 
of laym 
Such 
equatio} 
a shortl 
with ski 
in the p 
your dai 
followed 
chemics, 
approve 
On th 
stenogra 
technica 
intends 1 
ied thas 
practice 
shorthan 
tion, T 
hore co 
tatirety | 
ing syste 
dictation 
and mets 
Would be 
The a 
in 
grou 
book sho’ 
0 give t 
What she 


JANUARY, 1949 


preting Many chemists’ great ideas through my shorthand notes, 
[find this book staggers my stenography. 

Yes sir, chemical stenography is definitely an up-and-coming 
field, and, a worth-while one in which to cast your lot. Just 
think of the opportunity this affords—a chance to mix with the 
scientists—and, although according to Mr. Kanegis you need not 
act or think as a scientist, it is helpful to have the “feel” of hie 
language and modes of expression. ‘‘Would you care to split an 
atom with me????” 

To get back to Mr. K’s very enlightening version of the sub- 
ject at hand, namely shorthand, we find that by repetitious 
usage of technical language, anyone can become adequately 
versed in same. For instance, at home you may say “Mater, is 
this pan made of Al?” ‘Are you serving As for dinner?” or 
“May I use the Fe???”” Of course, your mother may not know 
that these stand for aluminum, arsenic, and iron, but it really 
doesn’t matter. And ona date, you may mention either Au, Br, 
or Sn (Sn referring to your date’s car, of course). Even in every- 
day transportation to and from work, you may quiz the conduc- 
tor on Ni, Cu, or Pb, but if he throws you a blank stare, pay the 
man quickly and take your seat—he may not understand the 
intricacies of science. And so you see it is quite true, soon you 
will be spouting terms such as ‘‘nonconjugated unbodied hydro- 
carbon terpene-phenol condensates,” or words to that effect, just 
as freely as in days gone by you mouthed “hep to the jive”’ or 
“beat me daddy.” 

One section of the book is dedicated to mathematics, which is 
definitely helpful in chemical dictation. I shall run over a few 
of these hurriedly and you can see for yourself that most of them 
are quite familiar in your chemical phraseology: ,. + — X = = 
/:>%'" 234° < > the (), and if they become too bulky, there’s 
always the []. It is important to memorize certain letters of 
the Greek alphabet, and a complete table of said alphabet is also 
contained therein. 

A new wrinkle in shorthand is learning the chemical elements 
and symbols so that instead of writing the characters for pro- 
toactinium you merely use that for the symbol Pa. 

A deuterium atom is twice as heavy as the ordinary hydrogen 
atom, since it has a proton and a neutron in the nucleus, whereas 
the ordinary hydrogen atom has only a proton in the nucleus. 
This, and other choice bits of information, I picked up in the 
Chemical Introduction whith Mr. Kanegis has written so ably. 
The fascinating part is that it is in terms which even the layest 
of laymen ean understand. 

Such items as terminology and abbreviations, formulas and 
equations, special phrasing methods, classified words and phrases, 
ashorthand table of numbers, and a word vocabulary are dealt 
with skillfully, and will, no doubt, prove to be an invaluable aid 
in the practical application of these new shorthand principles in 
your daily work. We only wish, however, that Mr. Kanegis had 
followed strictly the rules for spellings (sulphur with a “ph” is a 
chemical crime in these United States!), forms, and abbreviations 
approved by the American Chemical Society. 

On the serious side, this book is certainly a ‘“must’’ for every 
stenographer who plans an extended sojourn in the chemical or 
technical field. I emphasize the length of time the stenographer 
intends to be in this field as the book is so deep and highly special- 
ed that it would take some time and much diligent study and 
practice to master its contents. Only one who takes her (or his) 
‘horthand in earnest would be attracted to such serious applica- 
tion. I think that dipping into the book at random would be 
nore confusing than helpful. It should be mastered in its 
cntirety or not used at all. The shorthand characters and phras- 
ing system are literally custom-made to fit this particular type of 


ication and the author has so completely tied in the chemistry . 


ind metallurgy with the shorthand that any “‘ifting” of words 
would be ill-advised. 

The arrangement of the book is excellent. The chemical, 
nathematical, and metallurgical introductions and the general 
background of these subjects given here and there throughout the 
book should go far, supplemented by the recommended reading, 
give the stenographer a more intelligent understanding of 
vhat she “puts down on paper.” To the right person, the book 
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is worth much more than the price. It isa “first edition” holding 
promise of fame for itself and fortune (see page 1 of Introduction) 
for its followers. 

The plot is terrific and the list of characters is larger than 
Webster’s unabridged. 

MARY McGEE KEYSER 
HERcULES PowDER CoMPANY 
WiLmInNGTon, DELAWARE 


®@ CHEMICAL ENGINEERING FUNDAMENTALS 


Chalmer G. Kirkbride, Manager of Research and Development, 
Hourdry Process Corporation of Pennsylvania. McGraw-Hill 
Book Co., New York, 1947. xi+4l19pp. 73figs. 16 X 23cm. 
$5. 


In uIs preface the author states that the chief purpose of the 
book “‘is to introduce the primary fundamentals of chemical 
engineering so that the student can proceed later at a faster pace 
with his more advanced studies in the applications of these 
fundamentals to the unit operations and chemical processes.” 
At the A. & M. College of Texas the book is used as a text in two 
consecutive courses of three hours each in the second semester of 
the second year and the first semester of the third year. In each 
course, five of the ten chapters of the book are covered. The 
chapters are: Introduction; Human Relations in Chemical 
Engineering; Useful Mathematical Tools; Important Concepts 
of Physics and Chemistry; The Material Balance; The Energy 
Balance; Static Equilibria; Dynamic Equilibria; The Economic 
Balance; Presentation of Technical Results. 

‘The text of the first five chapters offers a very meager amount 
of material for a three-hour semester course if one disregards the 
possibility that the forty-seven ‘‘Questions” which follow Chap- 
ters I and II might lead to long discussions. 

Both in the preface and in the introductory chapters the author 
rather unnecessarily labors the argument that unit operations are 
not the fundamentals of chemical engineering. The unit-opera- 
tions concept was developed at M. I. T. a few decades ago and has 
proved to be a useful idea in the teaching of chemical engineering. 
But the extremely important textbook which three M. I. T. pro- 
fessors authored in 1923 was called “Principles of Chemical 
Engineering.” 

As examples of unit operations and chemical process the author 
lists eight in each category, and remarks that “no satisfactory 
scheme of classifying chemical processes has been developed as 
yet.”” So far as the present reviewer is concerned the unit chemi- 
cal process concept is bunk and nonsense. 

The author states cateogorically that there are only five tech- 
nical fundamentals in chemical engineering, namely, (1) material 
balance, (2) energy balance, (8) static equilibria, (4) rates of 
transfer and transformation of mass and energy, and (5) the 
economic balance. He then defines chemical engineering as the 
application of these five ‘fundamentals” to the development, 
design, and operation of processes and process equipment. The 
present reviewer believes that no chemical plant could be designed 
soley by the application of the five “fundamentals” listed. 

Chapters I and II are sermons addressed to the young chemical 
engineering student. These chapters abound in categoric state- 
ments of just what is what in the chemical engineering profession. 
The author preaches with all the fervor and assurance of an 
evangel bringing a message of special grace, sanction, and effi- 
cacy. Here is the gospel; let no sinful doubts arise. 

There are 47 “questions” following Chapters I and II, presum- 
ably intended to give the docile student the opportunity to repeat 
to the teacher the articles of faith just learned. One of the ques- 
tionsis: ‘Should the chemical engineer determine what he thinks 
the boss wants before he proceeds?” Since the boss-teacher has 
in these chapters so clearly laid out the only road to salvation and 
a good grade, this question should serve as a warning to any 
doubting Thomas in the class. 

Actually, the preaching of Chapters I and II is rather sound. 
It is the cocksureness which annoys this reviewer. One thing 
sure is that he would flunk an examination made up of the 47 
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questions, and probably get kicked out of the class as an evil 
influence. 

Chapter III reviews “some useful mathematical tools.” The 
author selects only trial-and-error calculations, dimensional 
analysis, and graphic solutions. He doesn’t say that those are 
the only mathematical tools useful to the chemical engineer. 

Chapter IV presents “important concepts of physics and 
chemistry.”’ Since it is the general experience of chemical 
engineering teachers to discover that their junior students know 
little chemistry and less physics, this chapter will offer the oppor- 
tunity to do something about the job in which the chemistry and 
physics departments have failed. The chapter might well be 
expanded so as to use about three-fourths of the time allotted to 
the first five chapters of the book. 

Chapters V-X, inclusive, really get down to business in teaching 
chemical engineering. Many schools wishing to use the book 
would find it necessary to rearrange their curricula. At Mis- 
souri, for example, a three-semester sequence called ‘‘Principles of 
Chemical Engineering I, II, III,” begins with the first semester of 
the junior year. We have considered the possibility of moving 
Chapter X on “Presentation of Technical Results’ back to the 
early part of the book, say to follow Chapter IV, and then cover- 
ing the whole book in the sophomore year. 

On page 26 the author asks the question ‘‘Why does a company 
employ a chemical engineer’’ and on page 362 repeats the ques- 
tion. The story goes that one flunker who finally struggled along 
to page 362 answered: “God only knows.” The professor gave 
God a grade of ‘‘A”’ and the flunker an “F’”’. But the flunker 
married the company president’s daughter and now he knows the 
answer. 


HARRY A. CURTIS 
UNIVERSITY OF MIssouRI 
CouumsBriA, Missourt 


@ CHEMISTRY IN ACTION 


George M. Rawlins, Professor of Chemistry, Austin Peay State 
College, Clarksville, Tennessee, and Alden H. Struble, Teacher 
of Chemistry, Western High School, Washington, D. C. D.C. 
Heath and Co., Boston, 1948. vi+ 568pp. 426figs. $3. 


Many features make “Chemistry in Action” an inviting high- 
school text. The book is divided into nine units which are sub- 
divided into problems. Following each problem is a good list of 
references headed, ‘‘You Will Like to Read.” At the end of the 
text are a bibliography, a list of films arranged by units, a glos- 
sary, an extensive list of common substances, giving common 
name, chemical name and formula, and other useful tables. 

The introductory unit goes into more detail on such problems 
as mass and inertia than is usual in a chemistry text, and greater 
emphasis is placed on the distinction between mass and weight 
than seems justified in a text which says “(Hydrogen is the lightest 
gas.” 

The Laws of Boyle and of Charles are introduced very early. 
The section on organic chemistry follows the study of carbon 
and is so well written that it seemed possible that the following 
two hundred pages might be an anticlimax, but interest is held 
throughout the book. The Periodic Law is introduced before 
rather than after the study of the halogens., The text is com- 
pleted with a study of the metals, working’ up and down the 
replacement series, and stops rather abruptly with the statement 
that the uses of platinum “depend on its slight chemical activity.” 

Throughout the text the feeling is conveyed that the text is 


new, not a rehashing of the material these authors learned in | 


their own high-school courses. The sections on isomers, plas- 
tics, vitamins and nuclear chemistry. are noteworthy. Atomic 
structure is constantly linked with chemical activity. The illus- 
trations are new and well chosen and are almost invariably ac- 
companied by questions quite within the student’s ability. How- 
ever, one illustration of the sugar industry is accompanied by the 
illuminating statement, “Sugar cane is the principal source of the 
world’s supply of cane sugar.”’ 
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Though many new and excellent features are included, many of 

the weaknesses characteristic of other texts remain. The care § i? 4 
put into the choice and arrangement of material would suggest § 0" 
the need for giving equal attention to the physical make-up of § ©! 
the book and to the wording of the text. Yet the binding js § 1? 
lightweight and, as with most texts, the most valuable tables, -“ 

m] 


placed for convenience on the fly leaves and end pages will a 
lost when the book is rebound. The double column page and the @ the 


off-white paper make for easy reading. tion 

There are more misprints than should occur even in a first § etl 
edition. Such errors as jumbled lines, word equations placed educ 
with the wrong balanced equations, and an equation in which the § 28! 
magnesium soap formed goes off as a gas detract from the value @ “lle 
of the text. _ 

Many statements of questionable accuracy are made. Pure § ie 


water does not conduct an electric current on page 191 but it has § tio 
become ionized by the time the student reaches page 213. A Co 


“Liebig still” is included in a photograph reproduced on page 28, § “Ve! 
Copper is included with the metals whose common valence is one. Th 
The system of weights and measures in use in this country is § °dU¢: 
consistently referred to as the “English system’ though the 

equivalent given for the liter shows that it is the U.S. system that BH cur 


is meant. This is a mistake common to many high-school texts, 
A further weakness of this most attractive text is in the English 

in which material, well chosen and well arranged, is presented. 

Many of the rules of good writing are violated. Capitals are 

used or not, rather arbitrarily. Common nouns are capitalized ) 

(Nylon and Celluloid on page 3) but ‘epsom salts’’ appears on 


page 48. Loose phrases and vague, inaccurate, or ambiguous § sydw 
statements occur all too frequently. Cuprocide is ‘a cuprous Wagn 
oxide compound.” “On entering the cellulose molecule, nitrate § j99 jy 
groups from the nitric acid replace hydroxyl groups which unite  poard: 
forming water” (p. 248). The glossary adds to the value of the # . 

book but the definitions are frequently poor. ‘Inorganic—refer-§ Tue 
ring to substances .which are not derived from living things” § small | 
(p. 542). Shades of Wohler! A note says the pronunciations Jf proven 
are from Webster. It would seem better to have used standard § treats 
definitions also, instead of defining an ore as “a useful mineral” § hot-sta 
and calling asbestos an ore (pp. 543, 449, respectively). be em} 
In spite of these less desirable features, the wealth of new § but als 
material and the logical presentation enlivened by a conversa- 4 limit 
tional style make “Chemistry in Action” good reading even toa ff natural 
somewhat jaded teacher, and should make it equally attractive to ff method 
students. capillar 
appear 
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é TRENDS IN ENGINEERING EDUCATION, THE® When 
COLUMBIA EXPERIENCE determi: 

James Kip Finch, Dean of School of Engineering, Columbia ill 
University. Columbia University Press, New York City, 1948. isnt 4. 
x+140pp. 14X20cm. $2. than 5 p 
Tuts attractive small book was written for the purpose of out- eae 
lining the principal factors and forces which have influenced and -"° Pres 
continue to influence the evolution of American engineering at 45 C. 
education, and to report in general terms the plans and programs o : 
which the Columbia School of Engineering has devised to meet .“"° te 
these needs. The author had the additional purpose of inform on ref 
ing Columbia engineering alumni of the educational interests, dl se 
viewpoints, and ambitions of their school. : _" 
The author has accomplished his purpose in chapters entitled: bent C ¢ 
“The Background of American Engineering Education’’; “Engh oi ity 
neering at Columbia”; ‘The General Education Problem” 0 at 
“The Undergraduate Course”; “Engineering Science”; “Gradu- ches t 
ate Instruction and Research”; ‘Research and Patent Policies” oe 
“The Student”’; “Post-Graduate Needs and Problems’; and esi t 
“Some Educational Contradictions.” There is an appendix, x empera tt 
outlining the undergraduate engineering curricula at Columbia tom 


The subjects indicated by the chapter headings are not treated 


hile pure 
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ape in a routine factual manner; there is a liberal devotion to educa- 
isc tional philosophy throughout, It is interesting to observe that 
poe Columbia’s conclusions are similar to those which have been 
ts of reached by most of those engineering colleges and institutes of 
ai . technology that have able and energetic educational leadership. 
vill be Emphasis must be kept on fundamental concepts and on training 
dthe @ the student to use them in new situations; professional educa- 
—— tion must consist of a proper fusion of general education and sci- 
a first entific-technological education. To find time for this type of 
laced education, we must be willing to discard descriptive, practical 
oh th engineering courses, interesting as they may be. The engineering 
} F colleges must take a more important part in fundamental re- 
= search and in providing training at the graduate level; and the 
Pure @ object of graduate instruction and research should be the produc- 
it has @ tion of “engineering scientists,”’ . : 
eK Columbia is on the four-year side of the fence in the four-vs. 
ge og, & five-year B.S. curriculum controversy. ; ; 
aa This book is recommended to all persons interested in the 
try is education of scientists and engineers. 
sh the J. C. WARNER 
n that CaRNEGIE INSTITUTE OF TECHNOLOGY 
texts, PirrsBURGH, PENNSYLVANIA 
‘nglish 
ented, 
is att Hl @ = MIKRO-METHODEN ZUR KENNZEICHNUNG 
alee ORGANISCHER STOFFE UND STOFFGEMISCHE 
iguous  [udwig Kofler and Adelheid Kofler. Universitatsverlag 
iprous # Wagner, G.M.B.H., Innsbruck, Austria, 1948. viii + 338 pp. 
trate @ 129 illustrations, including 8 halftone plates. 16.5 K 24 cm. 


unite Boards. 
of the @ . ee 
-_refer- § THE present book, which is a slightly expanded version of the 
hings’ § small mimeographed edition of 1947, represents a decided im- 
ations jg provement in legibility. The descriptive portion of the book 
ndard @ treats of the special techniques concerned with the Kofler micro- 
neral” @ hot-stage, together with various applications. The stage can 
be employed not only for simple melting-point determinations 
f new @ but also for micro thermoanalyses, studies in isomorphism and, to 
versa: a limited extent, for molecular weight determinations. Quite 
n to a i naturally the authors stress the advantages of the micro-hot-stage 
tiveto ™ method for determining melting points over the conventional 
capillary tube method. Numerous organic preparations which 
appear pure on the basis of capillary melting points are proved 
MAN Himpure by the micro method. Typical examples are said to be 





“sure” acetanilide, which has a melting range of 113-115°C. 
(orr.) when determined under the microscope, and phenacetin, 
which may melt at 132-135°C. according to the Kofler method, 
even though it exhibits a sharp capillary melting point. 

When investigating the purity of an organic compound the 
determination of a eutectic temperature may prove more infor- 
mative than its melting point. Thus, while 6-naphthol may be 
contaminated with naphthalene, the impurity exerts such a 
slight depression on the melting point that the presence of less 
than 5 per cent may be overlooked. However, a mixture of pure 
§-naphthol and anesthesin has a eutectic temperature of 54°C. 
The presence of naphthalene causes the mixture (ternary) to melt 
at 45°C., so that the presence of 2 per cent naphthalene in the 
original naphthol is readily detected. 

The temperature at which a molten organic product has a 
given refractive index is readily determined under the microscope 
by heating in the presence of a calibrated glass powder. By the 
tpplication of this principle the micro-hot-stage can be employed 
for the quantitative analysis of certain binary mixtures if the 
identity of the components is known. Having determined the 
femperature at which the refractive index of the molten sample 
matches that of a calibrated glass powder, the percentage of each 
component is found by consulting a previously prepared reference 
rve obtained by plotting composition against the corresponding 
mperatures. In working with cycloform-anesthesin mixtures, 
lor example, it is convenient to employ a glass powder of refrac- 
i've index 1.5400. Pure cycloform matches the value at 66°C., 
hile pure anesthesin matches it at 120°C. A mixture of the two 
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would match this refractive index somewhere between 66 and 
120°C. Preparation of a reference curve is comparatively 
simple and requires only minute amounts of material. 

Nearly one-third of the book is devoted to identification tables 
which list about 1000 organic compounds. Each of these is 
characterized by its melting point, refractive index at some con- 
venient temperature, and the eutectic temperature of the sub- 
stance with each of two other compounds. To illustrate, the 
melting point of benzylaniline is given as 35.5°C. (Kofler); its 
eutectic temperature with azobenzene, 25°C.; the eutectic 
temperature with benzil, 23°C.; refractive index at 48-44°C. 
equals 1.6010, and at 68-69°C. equals 1.5898. 

For some readers the literature references will constitute a 
valuable feature of the book. There are more than 200 refer- 
ences to the literature on micro-thermoanalysis, and well over 100 
dealing with other phases of hot-stage technique. A number of 
the references are as recent as 1947 and 1948. In general the 
“‘Mikro-methoden”’ is to be highly recommended to workers 
interested in this field; an English translation undoubtedly would 
be highly appreciated. 


HAROLD F. SCHAEFFER 
VALPARAISO UNIVERSITY 
VALPARAISO, INDIANA 


THE CHEMISTRY OF ACETYLENE AND RELATED 
COMPOUNDS 


Ernst David Bergmann, Daniel Sieff Research Institute, Rehovot, 
Palestine. Interscience Publishers, Inc., New York, 1948. 108 
pp. 15 X 23cm. $3. 


BERGMANN gave a seminar of three lectures at Brooklyn Poly- 
technic Institute in the fall of 1946 in a series called ‘Lectures on 
Progress in Chemistry.”” The author has expanded those three 
lectures and documented them with more than 300 references 
taken from the literature into late 1947 and including some from 
sources not generally available such as the Combined Intelligence 
Objectives Sub-Committee Report and the Technical Report 
from the Reconstruction Finance Corporation, Office of Rubber 
Reserve, Research and Development Section. 

There is a clear comparison and contrast of the Reppe and 
Weizmann schemes of utilizing acetylene in the synthesis of 
polymeric materials, which indicates that both butadiene and 
isoprene may be easily available in the future from acetylene. 
Other topics discussed include the following: chemistry of 
haloacetylenes, vinylation with alkaline catalysts, stereochemis- 
try of addition to acetylene, molecular addition, polymers of 
acetylene, chemistry of cyclooctatetraene and related compounds. 

This book does not compete in any way with the ACS Mono- 
graph on acetylene chemistry by Nieuwland and Vogt since 
Bergmann writes largely of developments since 1940. 

The author has a good style of writing from which I conclude 
that the lectures as delivered must have been stimulating. 


LEALLYN B. CLAPP 
Brown UNIVERSITY 
PROVIDENCE, Ruope Isnanp 


ORGANIC CHLORINE COMPOUNDS: The Prepara- 
tion, Properties, Chemical Behavior, and Identification 
of 


Ernest Hamilin Huntress, Professor of Organic Chemistry, 
Massachusetts Institute of Technology. John Wiley & Sons, 
Inc., New York, 1948. xxv +1443 pp. 15 X 23cm. $27.50. 


Oreanic chloro-compounds occupy an important position in 
the field of organic chemistry not only from the historical and 
theoretical point of view, but also because of their economic posi- 
tion and industrial usage. They are important intermediates 
and final consumer products. All chemists will therefore wel- 
come the publication of this authoritative and comprehensive, yet 
critical survey of 1320 selected organic chlorine compounds. 
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This volume concerns compounds of carbon with (a) chlorine; 
(b) chlorine and oxygen; (c) chlorine and hydrogen; and (d) 
chlorine, hydrogen, and oxygen. The compounds are arranged 
in three divisions; Division A consists of solid compounds ar- 
ranged in the order of increasing melting points; Division B com- 
prises liquids whose boiling points may be determined at ordinary 
pressure. These are divided into two sections depending on 
whether the specific gravity is greater than 1.15 (Section 1) orless 
than 1.15 (Section 2). Within each section compounds are 
arranged in the order of ascending boiling points. Division C 
consists of liquids whose boiling points are reported at reduced 
pressure and they are listed in ascending sequence according to 
their empirical formulas. Cross references are given between 
Divisions and subsections. 

The scope of this book is very greatly extended beyond the 
previous volume (Compounds of Order 1) since complete data are 
given not only on physical constants, identification, tests, and 
derivatives, but also in the important methods of preparation, 
properties, and chemical behavior of each compound. As one 
illustration of this extensive treatment, it may be mentioned that 
the physical and chemical information on benzy] chloride occupies 
21 pages with 629 references. The treatment of each compound 
is carefully organized under headings and subheadings (indicated 
by different styles of type) which make it easy for the user to find 
desired information. The literature citations (including patents) 
are very complete and constitute a valuable time saver. The 
text contains references through 1945 and selected important ref- 
erences for 1946 and 1947 are given separately (pages xvii—xxv). 
Thus, this volume contains many chloro-compounds not in Beil- 
stein and also gives the data on compounds of recent industrial 
importance such as DDT, 2,4-D, hexachlorocyclohexanes, and 
chlorinated hydrocarbon solvents. 

Each compound is given a serial number and five different types 
of indexes enable the user to locate compounds according to the 
data at hand. One index lists compounds according to empirical 
formulas vs. serial numbers; a second lists percentage of chlorine 
vs. empirical formulas; the third molecular weights vs. empirical 
formulas; the fourth lists compounds under eight chemical types 
and the fifth is the customary alphabetical name index. 

According to a recent article! one of the duties of a reviewer is 
to tell a prospective purchaser whether the book is worth what it 
costs. A production or research chemist who purchased and used 
this volume for 10 years would amortize his investment at $2.75 
per year. This is much less than the annual cost of searching the 
literature for these data. 

Professor Huntress is to be congratulated for an excellent job 
and the publishers for good printing and format. The book can 
be recommended as a valuable addition to the working library of 


any chemist. 
R. L. SHRINER 


Srate University or Iowa 
Iowa City, Iowa 


& ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY, 
VOLUME II: ANTHRONE TO CARBON-ARC 


Edited by Raymond E. Kirk and Donald F. Othmer, Professor 
and Heads, Departments of Chemistry and Chemical Engineering, 
respectively, at the Polytechnic Institute of Brooklyn. Assistant 
Editors, Janet D. Scott and Anthony Standen. The Inter- 
science Encyclopedia, Inc., New York, 1948. xvi + 915 pp. 
19 X 27cm. $20. 


TuHosE who expected a long wait between the appearance 
of Volumes I and II will be gratified to see that the volumes of 
this set are coming at relatively short intervals so that the entire 
ten volumes will be available in less than five years. 

Lest the biochemist fear that technology only is covered, the 
initial topics of antianemia preparations and antibiotics are 
followed by others such as antiseptics, ascorbic acid, barbiturates, 
bile constituents, blood fractionation, and carbohydrates.. The 
inorganic chemist will be particularly interested in the sections 





1 McCue.ianp, E. H., J. Cuem. Epuc., 25, 380 (1948). 
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JAN 
on antimony, arsenic, atoms and atomic structure, barium, bery]. 
lium, bismuth, boron, bromine, cadmium, calcium, carbides, and Mar 
carbon. The organic chemist will note sections on azo dyes § @" 
benzene and many derivatives, butadiene, butyl compounds — 
caffeine, camphor, and carbohydrates. The physical chemist whic 
and chemical engineer are limited in this volume to sections on of tt 
calorimetry and calculations. Industrial topics of particular facte 
interest are antifreeze, asphalt, bakery processes and products, vst 

p 


batteries, beer and brewing, bituminous materials, and building : 
materials. Thus all groupsin chemistry and chemical technology —_ 
find they must refer to this set for up-to-date discussions of sub- Ad 


jects in their field. Com 
The industrial research laboratory has recognized that this ton 
ion 


set isa must for them. Small colleges should be convinced of the 
broad coverage these volumes give and consider them a refer. § "°° 
ence set that must be available for their students. Th 
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KENNETH A. KOBE in bo’ 

UNIversitTy or Texas of pl: 
Austin, Texas ment: 

of co! 

veget: 

° SCIENTIFIC RUSSIAN READER o 
third 

Noah D. Gershevsky, Assistant Professor, Far Eastern Depart. § radia: 
ment, University of Washington. Pitman Publishing Corporation, Mf that 2 
New York 1948. xxii+ 253pp. 14 X 2lcm. $3. cal ad 

IN A perceptive discussion of the study of scientific Russian, < 
published by Tuts Journat, J. W. Perry points out the ad- a 
visability of early practice reading, selecting material in which — 
the thought content is already familiar to the student. Practice oad 
reading is facilitated by a knowledge of the subject matter, anda P * 
useful scientific vocabulary can be built up from the very start of To fir 
such reaging. . 

However, until the appearance of this book, there has been, aoe 
available no adequate collection of practice material. Ger- we th 
shevsky’s ‘Scientific Russian Reader” provides a carefully i re 
graded selection of modern readings in chemistry and physics, =, 
Subject matter has been confined to these sciences because ction 
“they constitute a basic introduction to the study of any scien- omit 
tific terminology.”” Roughly a quarter of the book is devoted to li th 
chemistry, subject matter ranging from ‘“The Scope of Chemis- The 
try” to “Geochemical Survey of Salt Deposits in the Upper ie 
Kama River.”’ Selections are from representative Russian pub- in is 
lications and have not been emasculated by overzealous editing. realy 
Difficult passages are translated and their complexities explained sie " 
in footnotes. A partial vocabulary is given after each selection, indinati 
and a more extensive vocabulary is found at the end of the book. ue 
There is included a useful table of the chemical elements in Eng- able a 
lish and Russian. 

The author states that these readings are for students who have 
received twenty to thirty hours of Russian-language instruction. B 
As a prelude to actual reading in Russian journals, this useful Paovit 
and interesting collection of reading material is highly recom- 
mended. 

WARREN 8. WOOSTER @ 

Scripps INstiruTION oF OCEANOGRAPHY W. A 

La Jouua, CALIFORNIA Press, C 

20 table 

we THE STUDY OF PLANT COMMUNITIES Bn fi 
wa 


who hav 
not been 
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and no ce 

The be 
prominer 
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explain t 
ceeding t 
evidence 


Henry J. Oosting, Associate Professor of Botany, Duke Univer- 
sity. W.H. Freeman & Company, San Francisco, 1948. 389 pp. 
190 figs. lltables. 14.5 x 22cm. $4.50. 


SINCE in vitro experiments have not yet demonstrated how 
man can dispense with green plants as the synthesizers of cat- 
bohydrates and lignins, purely utilitarian considerations of human 
progress alone necessitate an intelligent interest in the natural 
economy of the vegetation about us. A knowledge of the scien- 
tific principles involved in understanding the environment of 
organisms and their relations to it is the aim of ecological studies. 
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Man must apply these principles to his problems of land manage- 
ment if “he is to continue to enjoy the full benefits of his environ- 
ment upon which he is dependent, in which he is a factor, and over 
which he is dominant.” Hence, at a time when the conservation 
of the food and timber resources of the world is a paramount 
factor in postwar recovery, the understanding of the relationships 
between climate, soil, and vegetation in the continental mosaic of 
plant communities is vital for all students in applied natural 
science. 

Admirably serving the needs of this field, ‘“The Study of Plant 
Communities” is a thoroughly up-to-date, comprehensive, yet 
concise and readable textbook. The arrangement and integra- 
tion of topics reflects the broad knowledge and practical experi- 
ence of the author in this all-inclusive phase of botanical study. 

The book is divided conveniently into five parts. Part 1 
stresses the importance of a reasonable background of knowledge 
in both physical and biological science in considering the aspects 
of plant development under both stable and changing environ- 
mental! conditions. 
of competitive as well as mutually interacting forces at various 
vegetational levels and outlines the established techniques for its 
qualitative and quantitative analysis. Part 3 occupies about one- 
third of the text in dealing with the important factors of the air, 
radiant energy, and the physical and chemical changes in the soil 
that are involved in conditioning the anatomical and physiologi- 
cal adjustments of plants. Part 4 presents the established con- 
cept of succession or the evolution of vegetational areas and 
outlines the specific features of the North American climax com- 
munities. Here one finds no boresome listing of characteristic 
genera and species but rather a critical appraisal of the part 
played by the dominant and associated species in reflecting the 
vegetational patterns of each physiographic and climatic area. 
The final chapter of this part gives a clear presentation of modern 
techniques employed in paleoecological research and the signifi- 
cance of these studies in interpreting the parallel shifts in climatic 
and vegetational provinces. Part 5 deals very appropriately with 
the fundamentally ecological problems in forestry, range manage- 
ment, and agriculture. In the wide scope of the field of conser- 
vation the cross-purpose activities of various federal and com- 
munity agencies is presented by way of an impetus to more intel- 
ligent planning of the utilization of land resources. 

The treatment of the subject is scholarly, as is indicated by 
frequent numbered references to a well-selected bibliography, yet 
there is no confusion resulting from a discussion of uncertain 
factors or conflicting points of view. The illustrations are num- 
erous and particularly well chosen. The absence of a glossary is 
indicative of the fact that the text is not replete with technical 
terms, and therefore, is quite lucid to the student with a reason- 
able knowledge of the basic sciences. 


GEORGE L. CHURCH 
Brown UNIVERSITY 
ProvipeNce, Ruops Isuanp 


A) THE CHEMISTRY OF FREE RADICALS 


W. A. Waters, Fellow of Balliol College, Oxford. Clarendon 
Press, Oxford, 1948. Second edition. viii + 295 pp. 24 figs. 
Wtables. 15.5 X 24cm. $6.50. 


Tue first edition of this book was published in 1946 but appar- 
eatly was not generally available in the United States. For those 
who have the first edition, it should be stated that the revision has 
not been extensive. The reviewer noted about 25 new references 
to the literature of 1946 and 1947, but only six changes in the text 
and no change in pagination. 

The book is a timely summary of a field that has gained renewed 
Prominence during the past ten years. Following the discovery 
of stable free radicals by Gomberg in 1900, it became popular to 
explain the mechanisms of organic reactions in solution as pro- 
ceeding through free radical intermediates without experimental 
tvidence for this assumption. As a result, the idea that short- 


Part 2 defines the plant community in terms’ 
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lived free radicals could be formed and exist in solution fell into 
disrepute. Instead it became generally believed that free radicals 
were intermediates in gas phase thermal and photochemical reac- 
tions, but that ionic mechanisms prevailed in solution. During 
the past ten or twelve years, however, the intensive investigation 
of peroxide-catalyzed reactions has led to general agreement that 
reactions in solution may take place by free radical mechanisms as 
well as by ionic mechanisms. The work of Drs. Waters and Hey 
in England and Dr. M. Kharasch in the United States has played 
an important part in convincing chemists that many reactions 
take place in solution by way of short-lived free radicals. 

Approximately a fourth of the book is devoted to the long-lived 
free radicals of the triphenylmethy] type and about a fourth to the 
production by thermal and photochemical decomposition, and to 
the reactions of short-lived free radicals in the gas phase. These 
older fields have been surveyed more completely by others in 
earlier monographs, but the author’s treatment lends perspective 
to the last half of the book which deals primarily with the pro- 
duction and reactions of short-lived atoms and free radicals in 
solution. As examples of the latter may be mentioned the de- 
composition of azo and diazo compounds, of organic peroxides, 
and of organometallic compounds; the electrolysis of organic 
compounds; halogen substitution and addition; peroxide cata- 
lyzed addition of hydrogen bromide, chlorination and sulfonation 
with sulfuryl chloride, carboxylation with oxalyl chloride, and 
polymerization of olefins; reactions involving metals such as the 
Wurtz and Ullmann reactions and catalysis by metals; and oxida- 
tions with oxygen, lead tetraacetate, and hydrogen peroxide and 
its derivatives. The final chapter deals with speculations con- 
cerning the possible role of free radical mechanisms in biochemical 
processes. 

This reviewer found little to criticize adversely. Typographi- 
cal errors are few, but it is surprising that those noted occur in 
both editions. The printing and appearance meet the usual high 
standard of the Oxford University Press, although the binding, 
like that of many current books, seems weak. 

Among the few things to which this reviewer objected may be 
mentioned the explanation given on page 179 for geometrical 
isomerization and trans addition to olefins. It seems worth dis- 
cussing this point since another author of a book on the mecha- 
nisms of organic reactions has made a similar statement. The 
argument given is that geometrical isomerization and trans 
addition to the double bond is the result of the possibility of free 
rotation about the single bond of the free radical intermediate. 
Actually the possibility of free rotation has nothing to do with 
these phenomena, which is quite obvious if one considers models 
instead of plane projections. They depend on whether none, or 
one, or two Walden inversions take place during the first and 
second stages of the reaction. If neither or both of the doubly 
bound carbon atoms are inverted, so-called cis addition results, 
while if only one of the steps takes place with inversion, trans 
addition results. 

The reviewer would like also to take this opportunity to point 
out the disadvantages of the terms, electronegative, electrophilic, 
and nucleophilic, and to recommend that their use be discontinued 
and replaced by electron-attracting, electron-deficient, and electron- 
donating. He realizes that the former terms are used so univer- 
sally now that he is advocating a lost cause. Nevertheless, a very 
strong argument against their use would seem to be that even 
authorities on mechanism appear to get confused by them. On 
pages 198 and 199 the author uses the term electronegative when he 
apparently means an electron-rich or electron-donating center, 
since the free radical and the boron trifluoride molecule reacting 
with this center are electron-deficient groups. Incidentally a 
typographical error must exist in the formula for the boron tri- 
fluoride intermediate since the boron trifloride would be expected 
to be attached to the strongly electron-donating oxygen atom. 
Again on page 204 the author speaks of an electron “entering at 
the more electrophilic atom, the oxygen’ when he apparently 
means that the electron from the sodium atom is pairing with an 
electron from an electron-donating source. As a matter of fact, 
it seems to the reviewer that if this type of picture is to be used, it. 
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is more likely that the electron would enter ai the more electron- 
deficient carbon atom. An explanation that currently might be 
viewed with more favor is that the electron is transferred to the 
ketone molecule because the resulting anion is stabilized by 
resonance, in which case the electron could enter at any point of 
the molecule. 


CARL R. NOLLER 
STANFORD UNIVERSITY 
STANFORD, CALIFORNIA 


& ADVANCES IN BIOLOGICAL AND MEDICAL 
PHYSICS, VOLUME I 


Edited by John H. Lawrence and Joseph G. Hamilton, Uni- 
versity of California, Berkeley. Academic Press, Inc., New York, 
1948. xi+484pp. 15 X 23cm. 60tables. 67 figs. 15 X 
23.5cm. $8.60. 


Tue usefulness of this book makes the reader hope that it is 
volume I of a long series. It deals almost exclusively with the use 
of radioactive isotopes for medical and physiological research. 
The 13 authors of the book are named below with the titles of the 
papers they contribute. 

E. C. Dougherty and J. H. Lawrence of the University of 
California discuss ‘‘Heavy and radioactive isotopes in clinical and 
experimental medicine.’ An especially useful feature of this fine 
paper is a table giving data about 56 elements, isotopes of which 
‘have been used in basic medical and related investigations.” 
The accompanying full bibliography affords an excellent intro- 
ductory guide to this entire field of study. 

B. Vennesland of the University of Chicago, in his paper (72 
pp.) “‘Nitrogen and carbon isotopes: Their application in vivo to 
the study of the animal organism,” shows the wealth of informa- 
tion about intermediary metabolism revealed by use of the pow- 
erful research tools afforded by isotopes of N and C. So much of 
the recent work on intermediary metabolism has been done with 
tagged molecules that a nearly complete treatise on the metabo- 
lism of proteins, fats, and carbohydrates in animals is included in- 
cidental to a description of the isotope experiments. 

W. E. Cohn of the Monsanto Chemical Co., Knoxville, in his 
treatment of ‘The nature and production of artificial radioactiv- 
ity,” (33 pp.) is more technical than is suitable for reading by 
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those not already introduced to atomic physics. His tabulated 
data on “‘Producible radioisotopes’’ will be found useful. 

“Fundamentals of radioactivity and its instrumentation,” by 
R. D. Evans, Massachusetts Institute of Technology, is a valiant 
undertaking to present the essentials of an involved and difficult 
subject in 67 pages of text with 3 pages of references. While 
in no sense a primer, it is extraordinarily helpful to one Seeking 
orientation in this field. 

H. M. Parker of the Tumor Institute of the Swedish Hospital 
Seattle, contributes a paper (63 pp.) on ‘‘Health-physics, instru. 
mentation, and radiation protection.” It deals largely with the 
calculations necessary to ensure adequate protection of those 
working with radiations. Descriptions of protective devices and 
results of their use are given. This paper will be in demand in 
laboratories in which research work with radioactive materials is 
beginning or about to begin. 

“The use of radioactive isotopes in the study of iron and hemo- 
globin metabolism and the physiology of the erythrocyte” (33 
pp.), by P. F. Hahn of Vanderbilt University, has a major part of 
its space given over to clinical aspects of the subject. 

I. L. Chaikoff and D. B. Zilversmit of the University of Califor- 
nia, Berkeley, write (33 pp.) on “Radioactive phosphorus: Its ap- 
plication to the study of phospholipid metabolism.”’ This paper 
is particularly helpful in showing the relative participation of the 
chief tissues of the body in the synthesis and utilization of phos- 
pholipids. 

C. P. Leblond of McGill University contributes a paper (34 pp.) 
on “Iodine metabolism.” It presents both physiological and 
pathological aspects of the subject. The in vivo synthesis of thy- 
roxine is especially well discussed. 

J. W. Howland and S. L. Warren of the University of Rochester 
contribute a paper (22 pp.) on “The effects of the atomic bomb 
irradiation on the Japanese.”’ The subject is so presented as to 
be of considerable interest to the pathologist. 

The last part of the book, “Nucleic acid metabolism”’ (46 pp.) 
by G. Hevesy of Stockholm, Sweden, is primarily a report of prog- 
ress in the use of P*? as an aid to the study of nucleic acid metabo- 
lism, but it also includes a good summary and review of all the 
newer work on nucleic acids. 


PHILIP H. MITCHELL 


Brown UNIVERSITY 
Provipence, Raope Isuanp 





INDUSTRIAL REQUIREMENTS OF COURSES IN COLLOID CHEMISTRY 
(Continued from page 31) 


CONCLUSION 


The summary of the whole matter then appears to be 
about as follows: 


1. It is now generally recognized that colloidal 
phenomena are basic to many industrial processes and 
to whole industries. This will lead to continuing exten- 
sion of the instruction in colloid chemistry in teaching 
institutions. 

2. The necessary prerequisite for a useful colloid 
course is an effective teacher, convinced of the wide 
applicability and uniqueness of colloid principles and 


phenomena and prepared to demonstrate their signifi 
cance in numerous fields of research and production. 

3. The course itself will lay emphasis on genera 
principles and basic concepts, choosing relevant ex 
amples from historical records, modern research, and 
industrial processes, with constant reference to the 
literature. | 

4. Both the class work and the laboratory may well 
be conducted as a seminar or series of research projects 
in which acquaintances with materials, instruments, and 
records are integrated into a continuing pushing back of 
the borders of knowledge. 
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Build Your Own Atoms 





and Molecules 





with the WELCH MODEL KIT 





No. 600 
WELCH ATOMIC MODEL KIT 


Price $35.00 


This collection consists of conventionalized electrons, 
protons and neutrons together with first, second and 
third-orbit models with which to construct the atoms 
of the first eighteen elements. A color scheme is used 
for easy identification of electrons, protons and neutrons. 
In addition to atoms, simple molecules such as water 
may be easily and quickly constructed. Radicals 
such as OH, NH,, and SO,, are compiled from H, O, 
N and S atoms. In fact the chemical structure of any 
simple compound can be illustrated and analyzed, 
atomic and molecular weights checked, valence de- 


Designed by 
Clarence R. Wentland 





WITH THIS COLLECTION YOU CAN— 


Assemble any atoms from numbers 1 to 18 
Construct Molecules; Radicals, Isotopes 
Study process of lonization 


termined and chemical properties found by means 
of interrelation of the component parts of the atoms 
involved. The kit is neatly packed in a sturdy case 
with hinged covers, 18x13 inches overall, pro- 
viding compact storage when not in use. A _ photo- 
graphic reproduction of our No. 4854 Chart of the 
Atoms is pasted inside the cover of the case so that 
the required characteristics of any desired elements 
may be quickly determined. The kit consists of 50 
electrons, 50 protons, 70 neutrons, 10 first-orbit spacers, 
20 connectors, 6 second-orbit rings, 4 _ third-orbit 
rings, in sturdy case, with illustrated instruction sheet. 


W. M. WELCH SCIENTIFIC COMPANY 


Retehiiched 1880. 





1515 SEDGWICK STREET, DEPT. D. 


CHICAGO 10, ILLINOIS, U. S. A. 
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One of our exchanges (Edpress News Letter, Nov. 
25) recently came up with an example of perverted 
economic “reasoning” which, although not uncommon, 
has to be put in its proper place every so often. The 
surprising thing about this particular example of it was 
not that it cropped up but that it did so in the corre- 
spondence of a presumably intelligent public school 
teacher. But after all, teachers are human. 

The teacher complained about a preceding item in the 
periodical concerning ‘‘Printing Without Typesetters,”’ 
the new photo-printing process which substitutes a 
special typewriter for the actual setting of metallic 
type, and which is enabling one paper, at least, to get 
along with one typist for every six typesetters. She 
could see no advantage in this and maintained that an 
educational profession that was seeking governmental 
aid and better wages and working conditions for its 
own members should have nothing to do with a move- 
ment which would throw other workers out of their 
jobs and substitute cheap labor for highly-paid special- 
ists. To support this, she held, would alienate a large 
segment of the workers who have always been staunch 
advocates of public education. 

Perhaps it would, but how about the public interest, 
which the educational profession is presumably sworn 
to protect? Granted that the new printing process 
might force a lot of linotype operators to find something 
else to do, would it be a bad thing for us all, and espe- 
cially for the teachers—if books, periodicals, and news- 
papers could be printed more cheaply and in larger 
volume? Let us not forget that these typesetters 
climbed to their present jobs, so to speak, over a pro- 
testing throng of old-time printers who were experts at 
the slow and laborious job of setting type by hand in the 
composing stick. These fellows may indeed have died 
in poverty—but presumably didn’t. We are now so 
busy, anyway, reading the stuff that the linotypers 
turn out that we don’t think about them. The result 
is that many more printing presses are running, with 
many more jobs for the men who run them; many more 
newsboys peddle many more papers; many more 
lumberjacks cut down many more trees for many more 
chemists to make much more paper for the presses; 
many more writers and editors (like me) earn more 
salaries (?) turning out many more miles of copy for the 
greater edification of many more readers. Rightly or 
wrongly, that is what we call the advance of civilization. 

What has happened to the drivers of the old horse- 
cars, the expert makers of horseshoes, the ‘‘Whitewings”’ 
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that used to sweep the streets so expertly? If they 
survive they probably have much more lucrative jobs 
in which they are much happier. Meantime, there are 
thousands—no, probably millions—of prosperous auto 
mechanics, service-station attendants, bus drivers, 
automotive engineers, plain auto salesmen, who never 
would have had their present comfortable status if we 
had consistently protected the horse-men in their jobs. 

Why do we have the highest wage scale of all time in 
our country? Because we have not merely accepted 
technological advances but have gone out after them 
with a determination never equalled anywhere, any- 
time. A man’s wages merely represent, in money 
terms, his “stake” in the total production of the coun- 
try. To be sure, there is difficulty in fixing the mecha- 
nism for calculating that stake, but nevertheless, if the 
country turns out fifty times as much stuff every wage- 
earner will get—well, a lot more than he did before. 
(We don’t need to enter into that argument here!) 

What we need is not protection of ever'y person in the 
security of his job but rather the assurance of his op- 
portunity. The former is stagnation, the latter is prog- 
ress. Put it in terms of the chemist. If a man does 
analytical control work in the American Titanium 
Works, which turns out TiO, as a pigment and filler, 
should we pass legislation to assure him that job for the 
rest of his life? No, we should rather encourage re- 
search which would discover better and cheaper pig- 
ments and fillers which would put that firm out of busi- 
ness and that man out of his job. But in so doing we 
can strengthen the whole of chemical industry and in- 
crease and differentiate its output sé that this man can 
be assured of a better and more highly paid job. That’s 
how this country has become strong and can become 
stronger. Where are the countries now which have per- 
mitted themselves to stand still industrially and have 
refused to abandon old jobs for new ones? 

We think our Federal Civil Service is well founded in 
principle and pretty efficient, on the whole. We 
usually think that a civil servant is secure in his job. 
And so he is, as long as the job exists. But it is quite 
possible in the federal service to abolish the job itself 
when the need for it no longer exists. But the federal 
service is extensive and flexible enough so that the man 
whose job has been abolished is almost always absorbed 
elsewhere and is soon just as well off as before, or better. 

There are many degrees of “featherbedding,” and the 
motives and reasoning involved are about as fuzzy as 
the feathers. All this is elementary economics. 
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& INDUSTRIAL EMPLOYMENT OPPORTUNITIES 


FOR CHEMISTS 


THE growth of the chemical industry during the 
past century has been extremely rapid. According to 
the first edition of “Chemical Facts and Figures,” 
published by the Manufacturing Chemists Association, 
the value of the chemical products produced in 1849 was 
approximately 5 million dollars. The second and most 
recent edition of this publication, published in 1946, 
places the value of the 1945 output of the chemical 
industry at 2505 million dollars. In the June, 1948, 
issue of Industrial and Engineering Chemistry, M. F. 
Crass, Jr., Assistant Secretary of the Manufacturing 
Chemists Association, presents some interesting facts 
concerning the growth of the chemical industry during 
the past twenty-five years. He states that 14.4 billion 
pounds of organic chemicals were produced in 1945, as 
compared with-445 million pounds in 1923—a thirty- 
fold increase. For example, the 1946 production of 
noncoal-tar synthetics amounted to 9.2 billion pounds 
compared with the 1923 production of 90.6 million 
pounds—an increase of over ten thousand per cent. Of 
course, hundreds of new organic chemicals of commer- 
cial importance have been introduced and marketed 
since 1923. 

Mr. Crass further points out that a rapid expansion has 
taken place in the inorganic field. From 1923 to 1947, 
the annual production of anhydrous ammonia increased 
by over one million tons. During the same period, the 
production of soda ash doubled, sulfuric acid doubled, 
nitric acid went from approximately 113,000 to 796,000 
tons, and phosphoric acid production skyrocketed. 

This production expansion has been accompanied by 
a similar trend in chemical research. In answering 
the National Association of Manufacturer’s question- 
naire, 74 chemical and allied. product manufacturers 
stated that their 1947 anticipated research expenditures 
showed an increase of 382 per cent over the amount 
spent for this purpose in 1939; and an increase of 11 
per cent over 1946. Fifty-eight of the companies stated 
that expansion in research facilities was planned, many 
contemplating a substantial increase in buildings and 
laboratories and staff if technical personnel areavailable. 

These trends have of course resulted in increased 
employment opportunities and it appears that the 


1 Presented before the Division of Chemical Education at the 
114th meeting of the American Chemical Society in Washington, 
D.C., August 30 to September 3, 1948. 
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chemical industry has every reason to look to the future 
with optimism.* I would like to discuss employment 
opportunities for inexperienced chemists from the stand- 
point of the four principal functions of industrial manu- 


facturing companies—research, development, produc- 


tion, and sales. Although my comments will apply 
primarily to chemists, the importance of engineering 
training for certain positions will also be considered. 
The A. C. 8. membership represents a large number of 
manufacturing fields, and prominent among them is 
chemical manufacturing. My remarks will obviously 
be most representative of the employment opportuni- 
ties in the chemical industries and naturally will be 
highly flavored by the existing situation in the company 
I represent. 


RESEARCH 


Industrial chemical research can be classified in many 
ways, but for discussion purposes here I prefer to divide 
it into two categories: (1) fundamental research, and 
(2) applied research. Fundamental research has the 
objective of establishing or discovering new scientific 
facts without regard to immediate commercial use. 
These facts supply the foundation of knowledge upon 
which new industrial developments may ultimately be 
based. The progressive chemical companies of today 
are showing an increased interest in conducting funda- 
mental research. Many industrial chemical labora- 
tories now provide good laboratory facilities and well- 
equipped libraries and the research chemist conducting 
fundamental investigations is encouraged to use an 
original approach to his problems. 

The stories of such developments as synthetic rub- 
bers, vinyl plastics, and nylon demonstrate clearly the 
extensive industrial opportunities available for chem- 
ists in basic research. Ordinarily men with advanced 
degrees will have greater flexibility in fundamental 
research. The research experience usually encountered 
in fulfilling the requirements for the M.S. and Ph.D. 
degrees is valuable preparation for attacking industrial 
research problems. In addition to a thorough back- 
ground in chemistry and a workable knowledge of such 
allied fields as physics, mathematics, etc., a good 
research chemist must be well-endowed with imagina- 
tion, have the power of keen observation, and be ex- 
tremely patient. He must have an active mind, be 
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meticulous in his work, and since industrial research is 
largely a@ group activity he must have an agreeable 
manner. 

Applied research, as distinguished from fundamental 
research, uses previously established scientific facts in 
the solution of practical problems. For example, more 
direct methods of synthesis are continually being in- 
vestigated. Existing processes must be closely ex- 
amined and indicated modifications made. Competi- 
tive products must be characterized, the properties of 
new products must be evaluated, and product quality 
must be improved with a decrease in the manufacturing 
cost. These and similar problems provide employment 
opportunities for chemists at all levels of training 
although advanced study is beneficial. 

Opportunities in industrial chemical research exist 
today for men trained in all branches of chemistry, 
including food chemistry, biochemistry, agricultural 
chemistry, ete. Without minimizing the need for good 
organic research men and the importance of their con- 
tributions, the’ current need for research personnel 
trained in physical, inorganic, and analytical chemistry 
should be emphasized. At the present time there is a 
noticeable shortage of men seeking advanced degrees in 
these areas. The mechanism and kinetics of organic 
reactions, problems of surface chemistry as applied to 
catalysts, fibers and pigments, structural studies of 
polymers, resins, etc., and thermodynamic and thermo- 
chemical considerations all require basic training in 
theoretical chemistry. Inorganic chemistry, given a 
partial rebirth during the recent war, is receiving in- 
creased attention by industrial laboratories. Applica- 
tions of tracer techniques, investigation of the funda- 
mental chemistry of such elements as silicon, titanium, 
nitrogen, and molybdenum, exploration of the inorganic 
polymer field, and many other topics require a sound 
inorganic approach. 

Analytical chemistry, which is fundamental to all 
other branches of chemistry, offers ample opportunity 
for advanced study. Analytical methods for new 
organic compounds must be developed, adaptations of 
infrared, ultraviotet, X-ray, and other types of spec- 
troscopy must be investigated, and the application of 
instrumental techniques such as polarography to 
analytical problems provides a stimulating type of 
research. 

Regardless of whether one begins in fundamental or 
applied research, he can properly expect advancement 
as he acquires experience and demonstrates aptitude 
for the work. The employee may advance into posi- 
' tions of leadership in his own or other research groups. 
Quite often his interests and ability will be such that he 
may later transfer to a position outside the research 
field to deal with other aspects of industry. 


DEVELOPMENT 


The conception of an idea in the research laboratory 
is merely the starting point in industry. Development 
makes useful the ideas of research. The practicality of 
laboratory findings must be demonstrated through 
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careful study, including a small-scale operation of the 
new process. Essential design data must be obtained, 
as well as information about materials of construction 
and manufacturing costs. This field, frequently termed 
“process development’’ offers employment opportuni- 
ties to chemists, as well as to mechanical, electrical, and 
chemical engineers. It is, of course, frequently of 
interest to the chemist to follow the laboratory process 
through the semiworks and pilot plant stages. 

Any development program of this type embodies at 
least four separate considerations: (1) Study of the 
chemistry of the operation, (2) study of the equipment 
problems, (3) safety practices, and (4) analytical 
development. These programs are all conducted with 
the basic idea of efficiency, although at this stage the 
economic factors are not all-absorbing. When the test- 
tube process is scaled up, new questions arise because 
certain chemical questions must be considered in view 
of the increased volume involved: whether a distilla- 
tion must be accomplished at atmospheric or reduced 
pressure; whether anything will be sacrificed by remov- 
ing and processing the first fraction rather than com- 
pleting the distillation; whether a higher strength acid 
can be used advantageously in certain reactions without 
any detrimental effects such as having it attack the 
reaction products; and whether any difference in 
reaction will be noted between pouring the contents of 
container “‘A’’ into ““B”’ or the reverse. 

Accompanying these chemical studies are equipment 
problems of various types. Items such as determining 
the optimum number of plates in the distilling columns, 
and the proper amount and type of agitation necessary 
for the reactions must be considered. Suitable tem- 
peratures for the different stages of the reactions must 
be determined, and proper controls set up. A rapid yet 
complete job of filtration may need to be accomplished. 
Engineering training is certainly a valuable asset for 
coping with these pilot plant equipment problems. 

All of these chemical and equipment problems must 
be considered in terms of safe working conditions. 
How many men will be required to safely carry out 
certain phases of the process? What precautions must 
be taken to protect the workers from chemical fumes of 
an insidious nature? What hazards are involved in 
operating the necessary machinery? What types of 
general precautions must be taken and what plant 
safety requirements are indicated? 

Finally, an analytical program must be developed as 
the new process reaches full plant proportions. It must 
be determined how fast the analytical results are 
needed. Different methods can be used and more 
accuracy can be expected if the results are needed only 
every two days rather than every thirty minutes. It 
must be learned at what stages in the process the vari- 
ous determinations are necessary. . 

With the exception of the equipment studies, all of 
these problems provide employment for chemists at the 
various levels of training. Men with Ph.D. training 
more often move from the research laboratories into 
development activities rather than starting directly in 
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development work. Chemists will find that some 
knowledge of engineering contributes to success in de- 
velopment work, and engineers employed in this field 
will find that training in basic chemistry is of value. 
Since several distinct fields of training are involved in 
process development studies, ability to work smoothly 
in a group is an important qualification. An attitude 
of friendly cooperation and a free exchange of ideas are 
essential. This type of work requires that the chemist 
relate his findings to the broad aspects of the problem. 
He must interpret his results in terms of practical appli- 
cations. 

Development work does not end where the full-scale 
plant goes into operation. On the contrary, it must be 
continued in new plants to “smooth out” operation and 
in old plants to modernize equipment and improve 
operating efficiency and production quality. 


PRODUCTION 


Each year a large number of college graduates take 
advantage of the opportunities which production work 
provides. Technical men are employed not only for 
production supervisory work, but in many other phases 
of plant operation such as plant process improvement, 
maintenance, project engineering, power, etc. 

Production men are primarily concerned with the 
day-to-day operation of the plant, and the problem of 
turning out at a minimum cost the maximum quantity 
of material that can be produced in keeping with quality 
specifications, safety precautions, and employees’ wel- 
fare. A chemical plant requires the services of both 
chemists and engineers. Engineers are required to see 
to it that electric and steam power are available when 
and where needed. Machinery, equipment, and con- 
trol instruments must be overhauled, repaired, and 
maintained. New equipment must be installed and 
studies of machine speeds, efficiency, standard perform- 
ance, and plant layout must be conducted. These and 
other services provide employment for men trained in 
chemical, mechanical, electrical and other fields of 
engineering. 

Modern chemical industry has become so involved 
that all phases of science and engineering are necessary 
for successful production, and the foregoing is not 
meant to minimize the importance of the chemists in 
production activities. Chemists are frequently the 
technical experts or the supervisors of a given process. 
It is their responsibility to maintain production capac- 
ity, to assure maximum yields, and to assist in meeting 
quality standards. When difficulties arise the chemist 
must define the problem and assign it to the proper 
group for study. Some problems can be solved on the 
spot while others may require careful investigation by 
the research staff. |Typical of such a problem is defin- 
ing the reason for a low yield from a particular process. 
Is the product being lost as a by-product; is it going 
down the drain, or out into the air? If a preliminary 
study indicates that the latter is likely, then one must 
decide whether the exhaust tower is overloaded or its 
operation faulty. 
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In production, chemists may also be assigned to the 
plant assistance or plant technical groups. Here, 
specific problems of a technical or economic nature are 
studied. Production quality may receive attention, 
process equipment is investigated, methods for increas- 
ing capacity are considered, and the economic position 
of the product is determined. The plant assistance 
group obviously works closely with the production staff, 
and its members may eventually enter into production 
activity. Also, chemists are occasionally assigned to 
plant laboratory control work preliminary to their 
operations experience. Raw materials, intermediates, 
and the finished products must be analyzed on a con- 
tinuous basis. Although some of this work is, of course, 
routine in nature much of it requires the research 
approach. New methods must be devised and tried, 
instruments such as the polarograph and spectrograph 
must be used and adapted for particular jobs, and 
ordinary analytical methods must be altered to fit new 
needs. Sometimes results must be obtained faster than 
the customary procedure permits and’ refinements are 
often necessary to assure the needed accuracy and pre- 
cision. Many totally new methods involving compli- 
cated electrical instruments must be reduced to a single 
procedure capable of being accomplished rapidly, 
accurately, safely, and routinely by individuals with 
very little scientific training. 

In the du Pont Company, young chemists and engi- 
neers who are thought to have aptitude in production 
work frequently start as Supervisory Trainees with a 
definite job assignment in one of the more fundamental 
plant operations. Here the new employee learns to do 
the various jobs over which he will eventually have super- 
vision. This may mean the assembling and checking 
of raw materials, the charging of presses and mixers, the 
operation of filtering equipment and stills, the checking 
and regulation of control instruments for temperature 
pressure or volume, or work on any of the machines and 
apparatus that are found in a modern chemical plant. 
Emphasis is not placed on his becoming proficient in 
each operation, but rather on his learning the attitude 
of the worker, and understanding his problems, and on 
learning just what type of supervision he himself appre- 
ciates. This trial operation period, which may last 
several months, is part of the Supervisory Trainee’s 
training program which includes an orientation period, 
job knowledge training, leadership and policy training, 
methods analysis, and finally practice as an instructor 
and acting foreman. It is felt that the time spent in 
taking the “mystery” out of a plant and in helping each 
man to develop a sound attitude toward himself, the 
Company, his fellow employees and his job, is likely to 
to repaid. 

Following this training period, Supervisory Trainees 
are normally capable of discharging the duties of a fore- 
man, and the broad training received in the above 
program supplies the background necessary for posi- 
tions of still greater responsibility. 

Production work requires a fundamental interest in 
people perhaps even to a larger degree than research and 
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development. To be successful, one must not only use 
his technical training adroitly but also be able to direct 
those who may be older and more experienced yet have 
less formal schooling than he has. He must be diplo- 
matic with both subordinates and superiors, be able to 
issue directions with tact yet firmness, have a genuine 
interest in handling various types of human relations 
problems, recognize that the other fellow’s ideas may be 
more important than his, and work cooperatively for the 
good of the group and the company. 


SALES 


Young chemists and engineers with inclinations 
toward sales may find industrial employment in the 
various sales fields. Some previous plant or laboratory 
experience is almost a prerequisite for sales work, since 
a thorough knowledge of the manufacturing of the 
products being handled and the company’s background 
and policies are essential. It is difficult to make a 
clear-cut distinction between the various functions of 
the sales field, but the principal points can be covered 
under sales development, technical sales, and direct 
sales. Sales development may be considered as the 
development of new outlets for existing products or 
development of markets for new products. The latter 
is sometimes referred to as “product development.” 

Market fluctuations make it important to examine 
new outlets for existing products and for intermediates 
being produced. Let us assume that a certain hydroxy 
acid is being made as an intermediate compound and 
that additional capacity is feasible. The acid is then 
thoroughly characterized in the laboratory and its 
derivatives are characterized. Outlets are then envi- 
sioned by comparing the properties of the acid with 
related acids. If the acid looks promising for the food 
and textile industries, for example, a thorough labora- 
tory testing and evaluation program must be conducted 
in cooperation with these industries. The economic 
aspects must be considered, specifications must be set 
up, shipping problems studied, and container problems 
worked out. This application research provides a basis 
for establishing a suitable price level and for assuring a 
continuing market. 

Likewise, if the product has not been previously 
produced in large volume, it must be carefully studied 
from both economic and technical aspects. A research 
man may report a promising extrudable fiber, for 
example. An economic analysis must then be con- 
ducted to see if the present method of preparation, or 
an alternate one is economically feasible for large-scale 
production. Also, will there be a market for the prod- 
uct at the estimated price level? If these aspects are 

satisfactory the fiber must then be characterized for its 
laundry and dry cleaning ability, weaving ability, acid 
resistance, temperature resistance, abrasion resistance, 
dyeing characteristics, etc. Following this, considera- 
tion must be given to possible markets. The textile 
mills must be approached to arrange for making the 
necessary tests, and the test data must be analyzed. 
Later, actual salable items are likely to be produced and 
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sold with no previous advertising to see if the product 


has customer appeal. The results from these studies 
will provide information for a thoroughly accurate fore- 
cast as to the desirability of producing the fiber. 

Technical sales or technical service serves broadly as 
the liaison on technical matters between the company 
and its customers. Customer service must be rendered 
in process improvement and in seeing to it that the 
product is utilized to the best advantage. A new 
synthetic fiber may require a number of mechanical 
changes in the weaving machinery on which advice and 
assistance are required. Tests must be conducted at 
the mills to aid in the improvement of the process and the 
product. The dyeing of fibers creates many problems. 
It is evident then that the technical salesman’s work is 
largely a development program. In addition, customer 
complaints must be handled. A plastic may not mold 
in the expected manner or a new paint may not properly 
resist weather conditions. Many times these and simi- 
lar problems can be solved on the spot by the technical 
service man. He may be able to recommend a neces- 
sary change of conditions or a more proper method of 
handling, but in other cases it may be necessary to refer 
the problem to one of the company’s research or devel- 
opment laboratories. When this happens the technical 
salesman ordinarily acts as the intermediate between 
the customer and the company until complete satis- 
faction is obtained. 

A third function is direct selling. The salesman must 
obtain a thorough knowledge of the properties of the 
product by having plant or laboratory experience. 
Following this the new employee serves an appren- 
ticeship in a sales office where he becomes familiar with 
the handling of correspondence and customer require- 
ments and gains a knowledge of sales practices and 
policies. After a period of time, varying in duration 
with the type of product, the young man is introduced 
to the trade by an experienced salesman. When he has 
demonstrated that he is capable of representing the 
company he is assigned to a sales territory and, as 
aptitude is shown, he may advance to posts in district 
offices and management. 

Salesmen are constantly dealing with people and 
should have an interest in their reactions and problems. 
Each individual contact requires a different approach; 
every problem requires a unique solution. The ability 
to think quickly and talk convincingly are also impor- 
tant qualifications in the sales field. 


IMPORTANT QUALIFICATIONS 


Although I have been discussing employment oppor- 
tunities for chemists, it is certainly not outside the 
scope of this paper to consider broadly some of the 
desirable attributes in professionally trained people. 
In appraising the qualifications of employment candi- 
dates from the colleges and universities we, in du Pont, 
attempt to explore both technical competence and 
personal qualities. To be technically competent one is 
not required to be in the top quarter of his class, but 
there is no substitute for a sound workable knowledge of 
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a chosen field, plus sufficient training in allied fields to 
give adequate background for attacking the problems 
which will be encountered. However, a recent indus- 
trial survey indicated that less than 20 per cent of the 
technically trained men released from industry left due 
to the lack of technical competence, whereas 80 per cent 
left because of a deficiency or improper use of strictly 
personal qualifications. 

It may be fair to assume, therefore, that personal 
characteristics play the controlling part in personal 
advancement. Common to most men who succeed in 
industry are the traits of resourcefulness and patience. 
The plant manager faced by a power failure, the sales- 
man calling on an unresponsive purchasing agent, or a 
research chemist whose experiment has repeatedly 
failed, all need a large measure of these qualities to give 
them the drive to try a new approach. 

It should hardly be necessary to mention the need for 
intellectual honesty at all times. Consistency in 
statements gives the impression of reliability. If the 
facts are meager or the data are not conclusive do not 
draw unwarranted conclusions. 

At the risk of being trite, I cannot resist mentioning 
the advantage gained by being able to write and speak 
clearly, concisely, and convincingly. No matter how 
brilliant an idea it may never be recognized if it cannot 
be communicated to someone else. 

I would like to reémphasize that industry is a team of 
many diversified elements. Team spirit must be the 
key. Industry is a cooperative effort. The atmos- 
phere of mutual give and take exists and it should be 
readily admitted if the idea of a subordinate is better 
than yours. Diplomacy and courtesy are basic to 
harmonious relationships. 

These characteristics, plus other personal qualities 
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such as motivation or drive, keen observation and 
imagination, and interest and enthusiasm for your job, 
add up to a combination of traits which will certainly be 
valuable in any assignment undertaken. 


ADVANCEMENT 


Finally, I would like to discuss the advancement 
possibilities for chemists although there is no brief 
answer to this question. So much is dependent upon 
the individual’s ability, and since all men are not equally 
endowed, even generalizations are dangerous. While 
a large percentage of those with doctoral degrees remain 
in the chemical research field, as either laboratory 
scientists or research administrators, many advance 
into other activities such as production, technical sales, 
market research, patent service, etc. The technical 
man who continues to do research with his own hands 
can get ahead both professionally and financially. 
Technical men with a Bachelor’s and Master’s degree 
more commonly advance into other phases of the busi- 
ness, such as production, sales development, and direct 
sales. A company with a sound personnel policy will 
evaluate each employee’s talents and attempt to pro- 
vide the advancement opportunity which will be the 
most beneficial to the individual and the company. 


CONCLUSION 


It should be clear from the foregoing remarks that 
chemists at various levels of training will find oppor- 
tunities in the chemical industry all along the way, from 
the conception of an idea in the research laboratory to 
the final distribution of the product. Continued 
employment opportunities for well-trained chemists 
appear to be assured during the present expansion of the 
chemical industry. 


& RECRUITMENT OF PROFESSIONAL CHEMISTS 
FOR THE FEDERAL SERVICE 


IN 1883 Congress passed the Civil Service Act and 
thereby established a basis for the competitive system 
in the federal government and laid the foundation for 
the career service as we now know it. However, all 
positions were not immediately included within the 
competitive service and it was not until 1888 that pro- 
fessional and related positions became in part subjected 
to competitive recruitment. Since that time the ex- 
pansion of scientific investigations within the federal 
government and the utilization of scientists by govern- 
ment in many other fields of endeavor have advanced 
steadily. 


E. J. STOCKING 
wag States Civil Service Commission, Washington, 
D4. 


An executive order of May 6, 1896, so modified the 
then existing Civil Service Rules and Regulations as to 
permit large numbers of positions in the field service 
(that is, federal positions outside of Washington) to be 
included in the competitive classified service. A num- 
ber of chemist positions then established, and also a 
very large number of similar positions established at 
later dates, have been included in the classified service 
as a result of the executive order of May 6, 1896. Con- 
gress, by legislation, has also brought certain profess- 
ional chemist positions within the classified service in 
recent years. 
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In the period of more than half a century since the 
executive order of 1896, the nation has passed through 
a number of crises created by industrial depressions, 
financial panics, and wars. The activities of the 
federal government have contracted and expanded with 
these crises, but in general there has been a constant 
expansion of federal personnel throughout. the years. 
This could be expected as the nation grew during that 
period from approximately 70,884,554 persons to a 
population now numbering about 145,340,000. Every 
crisis and every war has found the Government calling 
upon its trained scientists to aid in arriving at quick, 
sound, and equitable solutions to the many problems 
with which the nation was faced. World War II 
demonstrated more forcefully than ever before the part 
that scientists do play in the development of offensive 
and defensive weapons, but of more importance is the 
recognition that is now being given to the need for 
calling upon the skills and abilities of those same scien- 
tists to keep the nation ever in the vanguard in devel- 
oping cultural and scientific pursuits. 

As the nation grew, demand developed for chemists 
to assist their government in finding ways and means 
for conserving and utilizing the natural resources of the 
nation. The government, in order to assist its citizens 
to take full advantage of the Nation’s resources and of 
its industrial and agricultural potentialities, has ex- 
panded its research facilities year after year and now 
has scattered throughout the 48 states a number of 
laboratories under the jurisdiction of the various federal 
departments. These laboratories employ professional 
chemists on basic and developmental research in many 
special fields. The recruitment of trained chemists to 
fill positions in these laboratories, and the promotion, 
retention and professional development of those chem- 
ists while in the service, have always been recognized by 
the Civil Service Commission as an important phase of 
its activities. In the early days of recruitment for 
scientific positions, under civil service procedures, most 
of the recruitment occurred at the lower salary levels 
and the higher salaried positions were filled largely by 
promotion from within. Such a policy is recognized as 
good and sound, but it is also desirable to bring into the 
federal service some trained scientists at all salary levels 
and during periods of rapid expansion it is obviously 
necessary to recruit from outside the federal service, 
some chemists who are capable of assuming the respon- 
sibilities of positions of the very highest grade. 

Throughout the years, as conditions changed and as 
the demand varied in the type, quantity, and quality of 
persons needed, the Commission has modified its re- 
cruiting pattern in an effort to best meet the needs of 
the service. Generally it has been seriously handi- 
capped by a lack of resources and seldom has it been 
possible to maintain a scientific staff adequate to do the 
recruiting job in as efficient a manner as is desirable. 
Speed is of the essence in scientific recruiting but speed 
in any undertaking costs money. ‘ 

As a result of the Commission’s experience gained 
during the recent war, and because of the greatly in- 
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creased and much more complex activities of the federal 
government, two concepts have been developed in 
connection with the recruitment of civil service per- 
sonnel which differ materially from the concepts existing 
prior to the war. 

One of these concepts is that the recruitment and 
examining activities of the Civil Service Commission 
must be decentralized to the greatest possible extent. 
This is believed necessary in the interest of speed and 
efficiency in the placement of personnel in the federal 
agencies. 

The second of these concepts is that the various fed- 
eral agencies must share responsibilities with the Com- 
mission in recruiting and examining personnel, particu- 
larly for professional, technical, and scientific positions. 

Application of these two concepts has given us our 
present practice of dividing the announcement of exami- 
nations between the Commission’s central office, in 
Washington, and the Commission’s 14 regional offices. 
The central office announces examinations for filling 
departmental and field positions in Washington and the 
immediate vicinity. The regional offices, and boards of 
examiners under their jurisdiction, announce examina- 
tions for filling positions in the field service. 

To assist the Commission in its recruitment and 
placement programs there have been established, under 
the jurisdiction of the Commission’s regional offices, 
numerous Boards of U. 8. Civil Service Examiners. 
These boards are established within the federal agencies 
operating outside of Washington, D. C., and they carry 
on their examining and recruitment activities under the 
general policies, practices, and procedures promulgated 
and published by the Commission. They hold exami- 
nations, maintain registers, and certify eligibles for 
many positions, particularly those peculiar to their 
agency. The boards are guided and supervised in their 
activities by the regional office under whose jurisdiction 
they operate. 

In Washington, D. C., various federal agencies have 
been authorized to establish somewhat comparable 
examining bodies known as Committees of Expert 
Examiners. These committees also operate under the 
practices, policies, and procedures established by the 
Commission. They prepare examination announce- 
ments, formulate examination questions, rate papers, 
establish registers, certify eligibles, and recruit for those 
positions which are peculiar to their respective agencies. 
In Washington the activities of such committees are 
guided and directed by the Examining and Placement 
Division of the central office of the Commission. 

During the last war, a serious scarcity of trained 
scientists developed. That scarcity still exists in many 
scientific areas. Because of that scarcity we find at the 
present time the various federal agencies, and bureaus 
within agencies, competing for the same scientific per- 
sonnel and in most cases having to recruit from the same 
sources that private industry and state and municipal 
civil service systems are using. The demand at the 
present time, within and without the federal service, for 
trained scientists capable of maintaining high standards 
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of performance, particularly in the fields of research and 
development, is, I believe, causing a greater movement 
of personnel from the federal service to industry and 
from industry to the federal service than would be con- 
sidered normal in the years before 1942. 

You will sometimes hear it stated that the federal 
government is unable to recruit leaders in scientific 
thought, and also that many of the better scientists are 
leaving the federal service to go into industry. Person- 
ally, I do not believe that the facts will justify such a 
statement or any such conclusions. 

Some scientists, including chemists, are leaving gov- 
ernment service and going into industry, but it is 
equally true that many now employed outside the fed- 
eral service are entering the service. The loss of a 
scientist by the federal service does not mean that his 
skills and abilities are being lost to the nation: it 
means only that he is exercising the rights and privi- 
leges guaranteed him under our American form of gov- 
ernment, and when he exercises those prerogatives we 
should not look upon it with great distress. After all, 
he is still a loyal citizen working for the welfare of this 
nation. My personal opinion is that any person, fed- 


eral representative or other, who makes statements 
loosely to the effect that the federal government cannot 
compete for the higher-grade scientists is doing a dis- 
service to his government, and in a sense maligning 
many fine federal employees. 

Admittedly, with present shortages it is difficult to 
recruit young scientists, and some recent graduates 


whom the agencies would like to have, and who un- 
doubtedly are qualified to do excellent work for those 
agencies, will choose not to work for the federal govern- 
ment. However, if you add up the total number of 
scientists recruited by all the federal agencies during 


recent months you will find that the government has . 


obtained a large number of exceptionally well-qualified 
young scientists. This recruitment has been accom- 
plished under a competitive system that is truly an 
American system, and it can be expected that in the 
years ahead significant contributions to their profession 
will be made by these neophytes. Personally I am 
optimistic enough to believe they will contribute a great 
deal that will be new, interesting, and extremely -worth 
while. 

True it is that not all of the great scientists can be 
brought into the federal service, but I think it is equally 
true that not all of them should come into the federal 
service, Again, many who do not come into the federal 
service upon graduation from school will in the years 
ahead find federal service acceptable and appealing to 
them. Therefore, the fact that some scientists cannot 
be recruited as soon as they leave school does not mean 
that the agencies will not have access to their talents in 
the years ahead; recruiting experience indicates that 
they will. I would be the last one to say that the 
practices and policies for the recruitment of scientists 
under civil service procedures should never be changed, 
and the Civil Service Commission will freely admit that 
real improvements in its recruiting techniques can be 
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made. That does not mean, however, that these 
improvements can always be made quickly. _ 

We may expect improvements in recruiting techniques 
to result from the experience which the Commission is 
gaining in working with committees of expert examiners 
and boards of U.S. civil service examiners, and from the 
help and advice it will get from the members of those 
committees and boards and from the Advisory Com- 
mittee on Scientific Personnel. 

There are many factors, however, besides civil service 
recruiting techniques which will encourage or discour- 
age scientists from entering the federal service. Such 
things as entrance salary, promotions within grade, 
promotions from grade to grade, leave and vacation 
periods, retirement privileges, etc., all play their part in 
encouraging scientists to enter the service and in main- 
taining a high morale among the scientists in the federal 
service. In recent years, Congress has approved a 
much more liberal retirement plan that existed in the 
past. There are some other factors affecting the em- 
ployment of scientists, however, that Congress must 
give further consideration to, and undoubtedly it will 
do so as soon as more urgent matters are disposed of. 
Such factors as revisions and modifications of the 
position-classification system, salary schedules, per- 
sonnel and promotion practices and policies, etc., are 
examples of matters affecting the recruitment of per- 
sonnel that Congress must review from time to time. 

The problem of recruiting and of maintaining an 
adequate staff of highly skilled scientists rests jointly 
with the Commission and the agencies. However, 
while this is a cooperative venture the agencies must do 
a great deal more advance planning on staffing than 
they have done in the past, if the planning is to be truly 
effective. 

Since the cessation of hostilities in 1945, the Commis- 
sion has established in a number of its regions Joint 
College-Federal Service Councils. These councils were 
organized for the purpose of getting college officials 
together with agency officials so that they might discuss 
problems of mutual interest. Obviously, the Civil 
Service Commission has a direct interest in such coun- 
cils and a responsibility to foster, encourage, and give 
guidance to their work. 

Through the efforts of such councils, employment 
opportunities in the federal service will come to the 
attention of college students at the appropriate time and 
in the appropriate manner. The Commission under- 
stands full well that practically the only recruitment 
source for young scientists is the colleges, and that it 
must seek professional chemists from among those who 
have been trained in the colleges. Issues and problems 
which need to be faced by the federal agencies if sound 
recruiting programs are to be developed, are being 
brought into sharp focus by these Joint College-Federal 
Service Councils. Cooperation among federal person- 
nel, operating officials, and college officials is going to be 
needed if recruiting problems are to be met and over- 
come. The initiative, must come from federal officials, 
for they have the biggest stake in the results. 
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The Commission believes that these steps—estab-" 


lishing committees and boards of examiners within the 
various agencies, getting their suggestions and advice, 
and obtaining the cooperation of the Joint College- 
Federal Service Councils—are giving us a foundation on 
which to build a better system for the recruitment of 
scientists, fully qualified to carry on in the fields of 
research, development, advisory service and regulatory 
activities. 

In closing, I wish to point out that chemists in the 
Federal service are much the same as those outside the 
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service. Many of them maintain affiliations with the 
various professional societies. Some are constantly 
contributing to the scientific literature of the day, and 
the leading chemists in the federal service can point to 
outstanding accomplishments in their respective fields. 
The government chemists appreciate the opportunity of 
meeting with their fellow chemists in order to discuss 
mutual problems and to formulate philosophies that 
will lead to future professional development, with par- 
ticular respect to the recruitment of scientists for the 
federal service. 


OPPORTUNITIES FOR EMPLOYMENT AT THE 
NATIONAL INSTITUTES OF HEALTH 


INTRODUCTION 


The National Institutes ‘of Health are the principal 
research facilities of the United States Public Health 
Service. They are located in Bethesda, Maryland, 
approximately six miles from downtown Washington, 


The Institutes had their origin in the Marine Hospi- 
tal on Staten Island, New York, in 1887, with the estab- 
lishment of a small bacteriological laboratory. Four 
years later better facilities were provided in Washington 
at the Marine Hospital Service Headquarters. Here 
an entire floor was given to the laboratory, which by 
this time had become known as the Hygienic Labora- 
tory. Within ten more years (1901) these quarters 
had been outgrown, and a large building was con- 
structed on a plot of ground overlooking the Potomac 
River near the Lincoln Memorial. This site was the 
home of the Hygienic Laboratory for forty years, dur- 
ing which time three additional buildings were erected. 
In 1930 the name was changed to the National Insti- 
tute of Health. The Institute was soon becoming 
cramped even in these quarters. In 1935 Mr. and Mrs. 
Luke I. Wilson donated a beautiful tract of ninety 
acres of land in Bethesda to the Institute for a new 
home.” Construction of six large buildings was soon 
under way, and the Institute was gradually able to 
move to its new home during 1939 and 1940 as the 
buildings were completed. With the onset of World 
War II, activities were expanded considerably, and an 
additional building was erected in 1943-44. Since the 
end of the war still another building has been erected. 
It houses the work on infectious diseases and is named 
the Memorial Laboratory in honor of those members 
who have lost their lives working on such dread diseases 
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as scrub typhus, Rocky Mountain spotted fever, ete. 

For a long long time, there has been a real need for : 
clinical facilities at the Institutes to provide more inte- 
gration between laboratory and clinical research. This 
need is now about to be fulfilled. Construction has 
just started on an immense 500-bed research hospital 
at the Institutes. This hospital will actually occupy 
the floor space of a normal 1500 bed hospital, since 
there will be extensive laboratory facilities in the build- 
ing. When this hospital is completed in 1951, the 
Institutes will occupy seven times the present floor 
space. By that time other facilities will no doubt have 
been authorized. 

In anticipation of this tremendous expansion skeleton 
staffs are already being assembled. The National 
Institute of Health has just this year been renamed the 
National Institutes of Health and is composed at the 
present time of the Experimental Biology and Medi- 
cine Institute, the National Cancer dnstitute, and the 
National Heart ‘Institute, plus several independent 
Divisions and Laboratories. A National Institute of 
Dental Research has been authorized by Congress. It 
is anticipated that a National Institute of Mental 
Health will soon be authorized. 

It should be obvious that upon the completion of the 
new hospital there will be many opportunities for em- 
ployment at the Institutes. An estimate has been 
made that the staff will be increased from the present 
1500 to about 2500. 

What types of positions are, and will be, available? 
What are the salary scales? What sort of housing is 
available in Bethesda and nearby? These and similar 
questions are ones in which you would naturally be 
interested in connection with employment at the In- 
stitutes’ and I shall now attempt to answer them. 
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CIVIL SERVICE 


For the most part, employees of the National Insti- 
tutes of Health are in one of the following categories: 
Civil Service, Commissioned Corps of the U. S. Public 
Health Service, and Fellows. As of June 30, 1948, 
there were at the Institutes 1374 Civil Service employ- 
ees, and 158 Commissioned Officers, for a total employ- 
ment of 1532. Approximately one-fourth of the Civil 
Service employees were in the professional grades. 

Let us first consider the Civil Service category. I 
shall point out only those aspects in which the Civil 
Service procedures at the Institutes differ from those 
elsewhere and indicate a few of the advantages which 
a civil servant enjoys at the Institutes. 

The U. 8. Civil Service Commission has granted to 
approximately one hundred governmental establish- 
ments the power to set up in their Field Stations indi- 
vidual “Boards of U. S. Civil Service Examiners.’ 
These boards have the power to give Civil Service 
examinations, grade the examinations, establish the 
eligible registers, and certify employees from the regis- 
ter. The National Institutes of Health is.one such 
agency enjoying this arrangement. The only other 
agency in the Washington area specializing in exami- 
nations for recruiting scientific personnel under this 
procedure is the Potomac River Naval Command of 
which the Naval Research Laboratory is a part. 

The first scientific examinations at the Institutes 
under this setup will be given at the Institutes in the 
near future. Eligible registers are to be established in 
the Professional Grades, P-1 through P-8, in eleven 
options covering the following biological sciences: 
General Biology, Physiology, Genetics, Cytology, 
Histology, Histochemistry, Zoology, Protozoology, 
Biochemsitry, Pharmacology, and Biophysics. No 
written examinations are to be given in connection with 
the establishment of these eligible registers. Appli- 
cants will be rated entirely on the basis of their educa- 
tion and experience. The ratings will be determined 
by a panel of experts in each particular option from the 
Staff of the Institutes. Residents from any section of 
the country may compete, and, since the Institutes are 
in the “field service,” apportionment according to 

states does not apply. ; 

An examination will be announced in the near future 
in the sub-professional categories, SP-2 through SP-8, 
of Laboratory Aides, and Biological and Scientific Aides. 
A four-hour written examination including an aptitude 
test will be given each applicant. These examinations 
will also be given at the Institutes of Health, and per- 
sons residing in the Fourth Civil Service District, which 
includes the States of Maryland, Virginia, West Vir- 
ginia, North Carolina, and the District of Columbia, 
may compete. 

The big advantage of the arrangement empowering 
the Institutes and other Governmental agencies to give 
their own examinations is that it materially speeds up 
the process of examination, certification from the eli- 
gible register, and appointments. When the Civil 
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Service Commission handles the examining procedure 
for agencies, it is not uncommon for six to twelve 
months to elapse between the time an examination is 
announced and the time the registers are established 
and eligibles certified for appointment. This is not 
a fault of the Civil Service Commission; it is simply a 
consequence of the immense amount of work involved 
in grading perhaps thousands of applications, address- 
ing envelopes for mailing out grades, etc. 

Under the Board arrangement, it is hoped that the 
eligible registers will have been established and in opera- 
tion within thirty days after the examinations have been 
given. This will most certainly be true in the Pro- 
fessional Series, where there will be no written exami- 
nations to grade, and it will probably be true with the 
Sub-Professional Series as well. - 

It should, of course, be emphasized that the optional 
fields to be covered in the Professional Series exami- 
nations are highly specialized—in some cases very much 
so—and many would not be qualified by training and 
experience for them. I wish, therefore, to call atten- 
tion to the fact that the regular Chemist and Physicist 
Examinations will not be given by the Institutes. The 
Civil Service Commission itself will continue giving 
these examinations as it has in the past. Applications 
are currently being accepted by the Civil Service 
Commission for chemists in positions paying from $3727 
to $6235 per year, and from $7432 to $10,305 per year. 
The closing date of the former is December 31 of this 
year. There is no closing date for the latter. Appli- 
cations are also being received for physicists, $7432 to 
$10,305 per year, with no closing date. Residents from 
any section of the country who meet the requirements 
of these announcements may apply. 

There is a plan proposed by the Civil Service Commis- 
sion whereby persons in professions considered to be 
“scarce categories’? would be offered direct appoint- 
ments to positions by recruiting representatives of the 
various agencies. Such a procedure would be resorted 
to only after a country-wide examination in the subject 
had been given and had failed to attract a sufficient 
number of qualified candidates. 

These are numerous special advantages which the 
National Institutes of Health are able to offer their 
Civil Service employees. Probably the most impor- 
tant.of these is medical care. Being a medical research 
center, and being a part of the federal agency charged 
with furthering public health and the economic stand- 
ards of workers, the Institutes are naturally very much 

interested in the health of their employees. Ordi- 
narily, governmental agencies provide medical care for 
employees only for injury or illness suffered as a direct 
result of the job being performed. The Institutes, on 
the other hand, are able to offer their Civil. Service em- 
ployees much more medical care. After six months’ 
employment free dental care is provided in emergencies 
and also for routine care, including x-rays, extractions, 
fillings, plates, etc., as time is available. Two full- 
time dentists and a dental technician provide this serv- 
ice at the Institutes. All illnesses and injuries suffered 
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on the job are, of course, taken care of in the Institutes’ 
Health Unit, and hospitalization is provided as needed 
at Providence Hospital in Washington or at the Marine 
Hospital in Baltimore. In addition, illnesses or in- 
juries having no connection with the job may, with 
administrative recommendation, be treated. Em- 
ployees suffering from cancer, tuberculosis, pneumonia, 
etc., are treated at the Marine Hospital in Baltimore 
entirely free of charge, regardless of the duration of the 
malady. Inoculations and vaccinations are provided 
free of charge upon request. Medicine is provided free 
of charge as needed, consistent with the stocks main- 
tained in.the pharmacy department. Rocky Mount- 
ain spotted fever shots are given to the employee and 
his entire family upon request. An additional in- 
tangible service is free medical advice from the many, 
many medical doctors carrying on research at the In- 
stitutes. 

Some of you might be concerned over the location of 
the Institutes so far from downtown Washington. It 
is true that the Institutes are located in a high-class 
residential area, at some distance from available apart- 
ments and low-cost housing. But transportation 
facilities to the District are very good. Also, some six 
miles north of the Institutes on U. S. Highway 240 is 
the town of Rockville, population about 4000. Many 
employees live in Rockville and nearby. It is esti- 
mated that at the present time 5000 homes are being 
erected between Rockville and the District of Columbia. 
Despite all of this construction, there is still much good 
farm land around and beyond Rockville a few miles, 
and I am sure that the idea of living on a small farm 
while working at the Institutes would appeal to a num- 
ber of you. 

Those already holding Civil Service positions may 
be interested in the regulations concerning transferring 
to Civil Service positions at the Institutes. To trans- 
fer, one must have permanent Civil Service Status, and 
a suitable vacancy must exist. Permanent status is 
acquired only through competitive examinations, ex- 
cept in the case of disabled veterans already serving in 
positions, who may acquire status through a noncom- 
petitive examination. Disabled veterans also obtain 
a 10-point additional credit in competitive examina- 
tions. If the transfer is ‘for the convenience of the 
government,”’ all expenses incidental to the moving are 
paid for by the Government. 

The National Institutes of Health have field stations 
in various localities throughout the country. The 
largest of these is the Rocky Mountain Laboratory at 
Hamilton, Montana, which has 130 employees at pres- 
ent. An expansion of research activities at Hamilton 
is contemplated soon. Another sizable project is at 
the Baltimore City Hospital. Research projects else- 


where are usually small and transitory. Clerical help 
for such projects is usually obtained locally. The pro- 
fessional personnel is usually detailed from the Insti- 
tutes for the duration of the project. 

In addition to the Institutes, other agencies of the 
U.S. Public Health Service have projects throughout 
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the country. These include the Communicable Dis- 
ease Center at Atlanta, Georgia; Water and Sanitary 
Investigation Station at Cincinnati, Ohio; the Lepro- 
sarium at Carville, Louisiana; etc. Employment of 
scientists at these installations is usually limited. 
Those interested should make local inquiry. 


COMMISSIONED OFFICERS 


The Commissioned Officers Corps of the U. 8. Public 
Health Service was created by Congress in 1798 pri- 
marily to provide medical care for the Merchant 
Marine and later for the Coast Guard. Initially, only 
Medical Doctors were granted commissions in the 
Corps. With the passage of time and the expansion of 
medical knowledge, many new functions were assigned 
by Congress extending the responsibilities of the Corps 
into the fields of public health, medical research, and 
allied fields. In recent years the scope of the Corps has 
expanded as the Public Health Service has assumed still 
additional responsibilities with regard to the Public 
Health. These responsibilities call for people with 
many types of training and experience other than medi- 
cal. As a result, the Commissioned Corps today in- 
cludes individuals with quite varied scientific back- 
grounds, such as physicians, dentists, nurses, sanitary 
engineers, scientists, etc. The Scientist Corps was 
established by Act of Congress several years ago to em- 
body the chemists, physicists, psychologists, bacteri- 
ologists, and other related scientific specialists. 

When the Scientist Corps was established, a Doctor’s 
Degree was not a requirement for admission, although 
a preponderance of those commissioned had such de- 
grees. With the passage of time, however, the ad- 
vantages of having such a requirement became more 
and more apparent. As a consequence,.an earned 
Doctor’s Degree in a natural or social science was estab- 
lished as a prerequisite. Coincidental with this ruling 
was the establishment of the Sanitarian Corps. Com- 
missions in this Corps are now being granted to 
persons possessing Master’s Degrees in the natural or 
social sciences. Commissions are granted in the Re- 
serve Corps in certain cases to persons possessing 
Bachelor’s Degrees only. 

Commissions in all branches of the U. S. Public 
Health Service Commissioned Corps are offered on a 
competitive basis to any qualified individual, male or 
female. 

The Commissioned Corps is quite similar in structure 
to that of the Commissioned Corps of the Army, Navy, 
etc. The base pay, allowances, privileges, etc., are 
the same as for the comparable ranks in the Army (see 
Table 1). 

Applicants for all grades in the Commissioned Corps 
must be citizens of the United States, at least 18 years 
of age. Applicants for the Assistant Grade (equivalent 
to the Army grade of First Lieutenant) in the Scientist 
Corps must be at least 21 years of age, possess earned 
Doctor’s Degrees in a natural or social science from a 
university of recognized standing, and must have had 
at least seven years of education and professional train- 
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TABLE 1 
Estimate of Earnings—Public Health Service Scientist and Sanitarian Officer with Two Dependents 
Retirement Total pay 
Allow- Total direct benefits Retirement Death Health Tax and 
Grade Base pay ance! payments for age? disability’ gratuity insurance’ differential’ benefits’ 

Assistant $2400 $1411.00 $3811.00 $1050 $45.90 $13.40 $102 $168.00 $5,190.30 
Senior Asst. 2898 1591.00 4489 .00 1050 59.05 16.97 102 229.20 5,946 . 22 
Full 3960 2026 . 50 5986.50 1050 100.24 27.58 102 283.20 7,549.52 
Senior 5005 2206.59 7211.50 1050 157.97 42.77 102 375.60 8,939.84 
Director 6380 1951.00 8331.00 1050 232.54 63.82 102 304.80 10,084.16 


1 Includes allowances for rent and subsistence. * Based on figures obtained from the Massachusetts Mutual and John Hancock 
Life Insurance companies. To purchase outright at age 64 a life annuity comparable to PHS retirement requires $60,000. Such an 
annuity purchased at age 30 requires $35,700 or 34 payments of $1050. This is the figure shown in the table above. The difference 
between $60,000 and $35,700 represents the amount of interest on the annual premiums and deductions made possible by the fact 





tra 





that a certain number of policy holders will die before the age of 64. A policy taken out at an age earlier than 30 would of course 


have a lower annual premium. 
figures from Acacia National Life Insurance Co. 


death gratuity. Based on figures from Acacia National Life Insurance 
(Group Health Association, Inc., figures as of December 1, 1946.) There 


benefits similar to those made available to a PHS officer. 


is no civilian policy which offers all the benefits available to a Public Health Service officer. 
between an officers salary and an equivalent civilian salary. Figures are based on deductions for subsistence and quarters. 


3 Cost of disability policy which pays benefit equal to PHS disability retirement benefit. 
4 Cost of insurance pare, which pays, at death, aniount equal to PHS 6 months 
0. 


Based on 
5 The cost of a civilian health insurance policy providing 


6 Represents the income tax differential 
7 This 


table is not altogether complete because commissary privileges, uniform and travel allowances, etc., are not included. 





ing, exclusive of high school. 

Applicants for the Senior Assistant Grade (equivalent 
to the Army grade of Captain) in the Scientist Corps 
must be at least 21 years of age, possess earned Doctor’s 
Degrees, and must have had at least ten years of edu- 
cational and/or professional training or experience, ex- 
clusive of high school. 

Entrance pay (exclusive of benefits) for the Assistant 
Grade with dependents is $3811 per year, and for the 
Senior Assistant Grade with dependents is $4351 per 
year. Promotions are at intervals up to and including 
the grade of Senior Scientist (equivalent to the Army 
grade of Lieutenant Colonel) at $7019 per year. Pro- 
motions to grades above Senior Scientist are by selec- 
tion. Thirty days of annual leave with pay are given 
all Commissioned Officers. 

The benefits which a Commissioned Officer receives 
which increase his salary relative to other salaries are 
quite extensive. For example, retirement is at the rate 
of $4950 per year for senior and director officers after 
thirty years of service, or at the age of sixty-four. It 
is estimated that such an annuity is worth $1050 per 
year, this being the annual payment, starting at age 
30, on an annuity of $4950 per year starting at age 
sixty-four. An officer pays income tax only on his 
base and longevity pay, which for the Assistant grade 
is $2400 or more per year, and for the Senior Assistant 
grade is $2760 .or more per year. This results in a 
saving of probably $150 to $300 per year, depending on 
rank. For those who, through disease, or injury, be- 
come unable to perform their duties, disability retire- 
ment at three-fourths of base pay is provided. An in- 
surance policy granting similar benefits would cost $46 
to $232 per year depending on rank. 

The medical benfits which an officer also receives 
indirectly add to his income. He receives free medical 
and dental care for his entire family. This service is 
provided at the various Marine Hospitals throughout 
the country and at the Public Health Service clinics. 
It is estimated that this service is worth more than 


$102 per year to an officer. No civilian health insur- 
ance policy offers all the benefits available to a Public 
Health Service Officer. 

In case of death of an officer, his survivors receive his 
pay for six months. 

When all of these benefits are evaluated and added to 
the actual salary received, it is estimated that an officer 
in the Assistant Grade receives the equal of $5190 per 
year, and in the Senior Assistant Grade $5946 per year. 

Qualified applicants for commissions in the Regular 
Scientist Corps are given a written examination in their 
specialty. A limited number of questions in closely 
related fields are included. Applicants also appear be- 
fore a board of officers for an oral examination as to 
professional knowledge and general fitness for the Corps. 

Applicants for commissions in the Reserve Scientist 
Corps must meet the same requirements as those for the 
Regular Corps. However, they are not required to take 
a written examination, nor must they appear for an oral 
examination. A member of the Reserve Corps may be 
ordered to active duty without consent only during 
time of National Emergency. Upon request, a reserve 
officer is ordered to active duty at any time, provided 
a vacancy in a position for which he is qualified exists. 
Reserve commissions continue in effect for five years 
from date of issuance unless cancelled upon request of 
the officer or by the Service. Applications may be 
submitted at any time by qualified persons. The 
application, physical examination, and other docu- 
ments are considered by a board of officers, and the 
candidate is notified within twenty days of the board’s 
decision. 

In any given fiscal year, ten per cent of those commis- 
sioned in the Officers Corps may be in grades above 
that of Senior Assistant. Such men are obviously ex- 
perts in their fields who are chosen for key positions. 

The Sanitarian Corps was established this past 
spring and is composed of scientific personnel who pos- 
sess Bachelor’s and Master’s Degrees in the natural or 
social sciences. Applicants for commissions in the 
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Regular Sanitarian Corps must meet the following 
requirements. For Junior Assistant Grade (equivalent 
to the Army rank of Second Lieutenant), they must 
(1) be at least 18 years old, (2) possess Master’s De- 
grees in & natural or social science from a university of 
recognized standing, and (3) must have had at least 
four years of educational and professional training ex- 
clusive of high school. For the Assistant Grade, they 
must meet requirement (1) above, and must have had 
at least seven years of educational and professional 
training, exclusive of high school. Applicants for the 
Senior Assistant Grade must meet requirement (1) 
above, and must have had at least ten years of edu- 
cational and professional shetidiied exclusive of high 
school. 

Qualified applicants for commissions in the Regular 
Sanitarian Corps will be given a written examination in 
their field of study. A limited number of questions will 
be given in closely related fields. 

Applications for commissions in the Reserve Sani- 
tarian Corps are currently being accepted. The re- 
quirements for the Reserve Sanitarian Corps are less 
rigid than for the Regular Corps. Only a Bachelor’s 
Degree is required for all grades; the other prerequisites 
are the same. Further, the candidates are not re- 
quired to take a written examination, nor do they have 
to appear before a board of officers. 

Candidates for all branches of the Public Health 
Service Commissioned Corps are given a physical ex- 
aminat'on by Medical Officers of the Corps These 
examinations are fairly rigid. Vision correctable by 
glasses is usually acceptable. 

An appointment in the Commissioned Corps provides 
an opportunity for a qualified individual to pursue his 
profession as a life career in association with others with 
similar training and interests. Wide latitude is usually 
given the candidate in the selection of the problem 
which he wishes to undertake. 


FELLOWSHIPS 


In addition to the regular employment possibilities 
at the National Institutes of Health there are pro- 
visions for temporary employment. Of particular 
interest to the chemist would be the fellowships. 

Since late in 1945 funds have been made available by 
Congress to provide fellowships to support promising 
students interested in becoming proficient in research 
in medical and related sciences. The intent is to en- 
courage more people to go into research so that an ade- 
quate number of properly trained persons shall be avail- 
able to staff the rapidly expanding medical research 
activities in this country. 

Fellowships are of three types: predoctorate, post- 
doctorate, and special. The stipend of the fellowships 
varies according to the educational level of the recipi- 
ent. For those with a Bachelor’s Degree, the stipend 
is $1200 per year; $1600 a year for those with depend- 
ents. For those with a Master’s Degree (or its equiwva- 
lent in graduate work) the stipend is $1600 per year; 
$2000 per year for those with dependents. Tuition fees 
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for courses taken in connection with these predoctorate 
fellowships are paid by the Public Health Service. 

Postdoctorate fellowships are awarded to qualified 
persons holding Doctor’s Degrees in medical or related 
fields, including the natural sciences. The stipend is 
$3000 per year; . $3600 per year for those with depend- 
ents. When renewed for an additional year, the post- 
doctorate fellowships are increased $300 over the pre- 
vious year. Tuition fees are not provided with these 
fellowships. 

Special fellowships are awarded to persons possessing 
Doctor’s Degrees who have demonstrated outstanding 
ability or who possess specialized training for a specific 
problem. The stipend for these fellowships is deter- 
mined in each individual case. 

Fellowships are awarded to chemists to conduct re- 
search in fields of interest to public health. An example 
would be the synthesis of compounds of possible chemo- 
therapeutic value. Interested persons should enter 
an application even though no chemotherapeutic 
properties have been demonstrated for compounds of 
the type they are synthesizing. 

All fellowships are awarded for a period of one year 
and are renewable in most instances. 

It should be made very clear that these fellowships 
are awarded for study at recognized institutions 
throughout the entire United States. Only about 10 
per cent of the recipients pursue their work at the 
National Institutes of Health. Fellowships are ocea- 
sionally awarded for study in foreign countries, princi- 
pally on postdoctorate and special fellowships. 

A majority of the fellowships are awarded to Ameri- 
can citizens, but citizens of foreign countries are occas- 
ionally awarded fellowships for study in this country. 

Public Health Service fellowships are not awarded 
or continued concurrently with the awards of other 
fellowships, except in most unusual circumstances. 
There are no restrictions on other gainful employment 
provided such employment does not interfere with the 
proper conduct of the fellowship work. Fellows are 
permitted to carry on not more than one hour of teach- 
ing or lecture per week during one semester. ‘‘G. I.” 
benefits may not be received concurrently with a 
Public Health Service Fellowship. 

Vacations are taken in. accordance with the rules of 
the Institution with which the Fellow is working but 
are not to exceed one month during the tenure of the 
fellowship. 

I should like to call your attention to the fact that 
fellowships and scholarships in general are wholly ex- 
empt from federal income tax. This, of course, in- 
creases the value of the stipend relative to other in- 
comes. 

There is no obligation on the part of either the Insti- 
tutes or the recipient of a fellowship concerning future 
employment at the Institutes. As was mentioned 

previously, the program is designed as a means of in- 
creasing the number of properly trained personnel for 
all medical research activities in this country. 

I am sure you would be interested in knowing about 
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how many of these fellowships are granted each year. 
The data for the three years during which the program 
has been in existence are as follows: in 1946, 27 fellow- 
ships awarded; in 1947, 121 fellowships awarded; and 
in 1948, 371 fellowships awarded. 
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Persons desiring to apply for a research fellowship 
should request application blanks and general informa- 
tion concerning fellowships from the Division of Re- 
search Grants and Fellowships, National Institutes of 
Health, Bethesda 14, Maryland. 


OPPORTUNITIES FOR CHEMISTS IN THE 
BUREAU OF AGRICULTURAL AND INDUSTRIAL 


CHEMISTRY 


OBJECTIVES AND ORGANIZATION OF BUREAU 
RESEARCH 


The United States Government has been engaged in 
chemical research on farm products for an even one 
hundred years. Congress made its first appropriation 
for this work in 1848, when it authorized the Patent 
Office to spend $1000 for “‘chemical analyses of vege- 
table substances.”” That was before the Department of 
Agriculture had been established. Fourteen years later, 
in 1862, when the Department was organized, the first 
professionally trained appointee on its pay roll was a 
chemist. Today, chemical research sponsored by the 
Government in the interest of agriculture is a nation- 
wide scientific enterprise, supported by millions of dol- 
lars each year and devoted to investigating chemical 
problems involved in all phases of the production and 
utilization of farm commodities. 

The federal agency which I represent—the Bureau of 
Agricultural and Industrial Chemistry—is one of more 
than half-a-dozen research organizations in the Depart- 
ment of Agriculture. It is concerned primarily with 
improving and expanding the utilization of farm prod- 
ucts. I should like to discuss with you the kind of 
work the Bureau does, and to tell you about some of the 
opportunities for employment which it offers to chem- 
ists. 

Although the historical origins of the Bureau go back 
at least a hundred years, its present organization and 
facilities are quite new. The four Regional Research 
Laboratories, where a major part of the Bureau’s re- 
search is carried on, were authorized by Congress just 
ten years ago, in 1938, and they were constructed, 
equipped, and staffed by 1941. The purpose of these 
laboratories is to develop new and wider uses for agri- 
cultural commodities through chemical research and 
engineering, in order to reduce surpluses and waste, and 
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to help increase the prosperity of farmers, industry, and 
the nation generally. 
In these large research centers, and in the 13 other 


laboratories and field stations maintained by the Bu-— 


reau, scientists are working to aid existing industries 
which make use of agricultural materials. Their re- 
search has provided solutions to a number of manu- 
facturing problems involving chemistry and chemical 
engineering. Some of those who have benefited are food 
processors, wet-millers of grains, producers and refiners 
of seed oils, manufacturers of paper pulps and fiber 
board, producers of alcohols.and organic acids by fer- 
mentation, and chemical finishers of cotton textiles. I 
might add that consumers of the goods produced by 
these industries have also benefited from the Bureau’s 
research. 

The Bureau has also contributed to the development 
of new industries by finding out more about the chemical 
constituents of plant and animal materials, how they 
can be recovered and purified, and how they can be 
changed into more useful substances through chemical 
reactions. New products such as allyl-starch varnish 
and the improved acrylic rubber, ‘“Lactoprene EV”; 
development of a method for producing the drug rutin 
from buckwheat plants; advances in the processing and 
use of gum naval stores and their derivatives—these are 
examples of Bureau contributions toward the establish- 
ment of new industries, or the expansion of existing 
industries, which employ agricultural raw materials. 

The Bureau’s four Regional Research Laboratories 
are located at Peoria, Illinois; New Orleans, Louisiana; 
Wyndmoor, Pennsylvania; and Albany, California. 
Each laboratory has seven research divisions devoted to 
various phases of the work of finding new and wider uses 
for the principal farm commodities grown in the region 
which the laboratory serves. The Northern Regional 
Laboratory at Peoria is studying the utilization of cereal 
grains, soybeans, and agricultural residues such as 
corncobs and wheat straw. At the Southern Regional 
Laboratory in New Orleans the chief commodities under 
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investigation are cotton, sweet potatoes, and peanuts. 
The Eastern Regional Laboratory, near Philadelphia, 
conducts research on tobacco, milk products, Eastern 
fruits and vegetables, animal fats and oils, tanning 
materials, and hides and skins. At the Western Re- 
gional Laboratory, in the San Francisco Bay area, com- 
modities of primary interest are Western-grown fruits 
and vegetables, wheat, alfalfa, and poultry products. 
Additional investigations are carried on by nine 


independent research divisions and by a number of* 


other specialized Bureau laboratories and field stations 
in various parts of the country. Only three of the re- 
search divisions, plus the Bureau’s administrative head- 
quarters, are located in the Washington area. 

Four of the nine independent divisions are concerned 
with applied research. Their efforts are directed toward 
solving the problems of processing and utilizing the 
products and by-products of pine gum, tung nuts, sugar 
plants, and citrus and other fruits; preservation of 
vegetables by brining or fermentation; extraction and 
processing of rubber from plants; and production of 
liquid motor fuels from crop wastes. 

The remaining five independent divisions conduct 
fundamental research bearing on the utilization of agri- 
cultural materials. Their investigations include work 
on allergenic substances, enzymes, and special bio- 
logically active compounds, and in the fields of pharma- 
cology and microbiology. 


NATURE OF THE WORK DONE BY THE BUREAU 


To give you a more concrete idea of the work our, 
chemists are doing, I shall describe very briefly ‘a few 
of the results our research on cotton and oilseeds and on 
the production of rutin from buckwheat and motor-fuel 


supplements from corncobs. These projects by no 
means indicate the full scope of the Bureau’s activities, 
but I hope that from our discussion of them you will 
obtain an understanding of the type of problems in- 
volved in our research. 

Several divisions of the Southern Laboratory are 
concerned with fundamental and applied research on 
cotton. In some cases, these divisions may all work 
together on different phases of one particular problemn— 
as, for instance, on improving cotton tire cord. Chemists 
in one division developed a differential dyeing test 
which distinguishes lots of mature cotton—the type 
best suited for tire cord and a number of other uses— 
from lots containing mostly immature fibers. Other 
divisions at the Laboratory devised a combination of 
chemical and mechanical processing methods to produce 
an improved cotton tire cord of the proper size and 
structure having maximum tensile strength and dur- 
ability. 

The Southern Laboratory also investigates methods 
for chemically treating cotton textiles to give them 
more desirable properties. Subjecting cotton to tem- 
porary contact with cellulose dispersing or hydrolyzing 
chemicals, for example, produces changes in the cotton’s 
cellulose molecules without destroying its fibrous form. 
One textile-finishing process of this type developed by 
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the Laboratory is partial acetylation. It is accomplished: 
by treating cotton yarn or fabric with acetic anhydride: 
and glacial acetic acid in the presence of a catalyst, 
perchloric acid. Some of the hydroxyl groups of the 
cellulose are replaced by acetyl (the acetic-acid radical). 

Partially . acetylated cotton absorbs atmospheric 
moisture less readily than untreated cotton, has higher 
resistance to damage by heat, and higher electrical 
resistance. Although it retains the same appearance 
and “feel” as ordinary cotton, it is a great deal more 
resistant to mildew and rotting. In fact, it is superior 
in this property to fabrics treated with copper naph- 
thenate or cuprammonium, the chemicals commonly 
used for mildewproofing. Bags made of partially 
acetylated cotton cloth were filled with rich soil and 
left out of doors on the ground for an extended period 
at the Southern Laboratory. After two years’ exposure 
in the humid New Orleans climate, they still remained 
intact. Even a relatively low degree of acetylation 
(15 to 20 per cent) was found to make cotton sufficiently 
resistant to rot and mildew for a number of special uses. 

One major advantage of this treatment is that it does 
not leave the fabric discolored, odorous, sticky, or 
poisonous. The Southern Laboratory has recently 
given technical assistance to a commercial firm which is 
using partial acetylation in the manufacture of cotton 
filter bags for water-softener systems. Makers of fish- 
ing nets and lines, shoe linings, and other cotton prod- 
ucts have also shown an interest in the process. 

Another example of Bureau research is the work on 
oils from cottonseed, peanuts, and soybeans. These 
vegetable oils have been modified by chemical proc- 
essing to give them special properties for various uses, ° 
or to make them useful substitutes for other oils not so 
readily available. 

A good substitute for the palm oil used in making tin 
and terne plate was prepared at the Southern Regional 
Laboratory by selective hydrogenation of cottonseed 
oil. Oil from cottonseed was also converted into a fat 
having the consistency and other properties of cocoa 
butter, which is extensively used in confectionery and 
pharmaceutical products. And peanut oil was modified 
to produce a replacement for olive oil which could be 
used as a worsted-spinning lubricant. * 

At the Northern Regional Laboratory, soybean oil 
was separated by selective-solvent extraction into a 
fraction of high iodine number, for use in paints and 
varnishes, and a fraction of low iodine number, suitable 
for use in food products. The high-iodine fraction con- 
sists largely of linoleic and linolenic acid glycerides, the 
compounds responsible for the outstanding drying 
qualities of linseed oil. These components of soybean oil 
were converted to their conjugated isomers, which have 
an even greater ability to dry, both by oxidation and by 
polymerization. 

The dimeric and polymeric fat acids of soybean oil 
and their methyl esters can be separated and converted 
to glycol polyesters. These can then be made into a 
viscous product by heating, or converted by further 
polyesterification into a millable plastic. Either prod- 
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uct is suitable for compounding with sulfur and other 
materials to produce a thermoplastic elastomer resem- 
bling vulcanized rubber. This substance is called ‘‘Nore- 
pol,” an abbreviation of “(Northern Regional Polymer.” 

If the polymeric fat acids or their methyl esters are 
reacted with ethylene diamine, a thermoplastic resin 
called ‘“Norelac” is produced. This polyamide resin 
from soybean oil is useful as a heat-sealing, laminating, 
and moisture-proofing agent for containers and wrap- 
pers for food and other products. It can also be used in 
cementing the cork lining of bottle caps and in the 
preparation of lacquers. ‘Norelac” is now being pro- 
duced commercially on a limited scale. 

The discovery of the beneficial medicinal properties 
of rutin, and development of a process for extracting 
this new drug on a commercial scale from green buck- 
wheat or dried buckwheat leaf meal, resulted from work 
at the Eastern Regional Laboratory on the minor con- 
stituents of tobacco plants. The Laboratory undertook 
an analysis of tobacco leaves to determine whether some 
of the substances they contain, besides nicotine, might 
be useful chemical products. One of these substances 
was rutin, a flavonol glucoside found as a pigment in 
various plants. 

Rutin was first discovered about a century ago, in the 
plant known as garden rue, but no use had ever been 
found for it. One of the chemists at the Eastern Re- 
gional Laboratory analyzed this compound and decided 
that it was closely related to or possibly identical with 
citrin, the so-called vitamin P or ‘“‘permeability vita- 
min,” found in the peel and juice of citrus fruits. 
Enough rutin was extracted form flue-cured tobacco for 
cooperative research on its biological éffects by the 
Bureau of Animal Industry of the Department of 
Agriculture, and on its therapeutic value by the Medi- 
cal School of the University of Pennsylvania. 

Clinical tests showed that this substance was defi- 
nitely useful in treating a pathological condition known 
as “increased capillary fragility,’ sometimes associated 
with high blood pressure, which causes the capillary 
blood vessels to rupture. When this occurs in the retina 
of the eye, it may produce blindness, and in the brain it 
causes apoplexy. 

But flue-cured tobacco was a very expensive source 
of rutin, and various other plants were analyzed to 
determine the amount of rutin which might be extrac- 
ted from them. Green buckwheat plants finally proved 
to be the most promising commercial source. Processes 
were developed on a pilot-plant scale at the Eastern 
Laboratory for extracting rutin from green buckwheat 
with alcohol and from the leaf meal of dried buckwheat 
plants with alcohol or hot water. A method was also 
devised for purifying the crude rutin for medicinal use. 

The new drug first appeared on the market in Sep- 
tember, 1946. Recently the Laboratory has developed 
more efficient extraction methods, using hot solvents 
which have been adopted by most rutin manufacturers. 
The production of rutin is now a well-established indus- 
try which is expected eventually to consume 'the yield 
of green plants from 50,000 acres of buckwheat every 
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year. The work of the Eastern Regional Laboratory in 
making this valuable drug available has been one of the 
outstanding accomplishments in chemistry and medi- 
cine of recent years. 

Chemists at the Northern Regional Laboratory, 
cooperating in the program sponsored by the Bureau of 
Mines for the development of nonpetroleum fuels, have 
been experimenting with agricultural residues as sources 
of liquid motor fuels. Their work has led to the de- 
velopment of a sactharification process for converting 
the cellulose of such materials as corncobs into a solu- 
tion of dextrose, and the hemicelluloses into a solution 
of xylose and furfural, leaving lignin as a residue. 

In the first stage of the process, the hemicelluloses are 
treated with dilute sulfuric acid and converted into 
xylose and a small quantity of furfural. The xylose 
solution is mixed with dextrose and fermented to pro- 
duce butanol, acetone, and ethyl alcohol, which can be 
used successfully as motor fuels. 

In the second stage of the process, the cellulose frac- 
tion of the residues is converted to dextrose by a novel 
and highly efficient procedure using concentrated sul- 
furic acid at low temperature. The resulting dextrose 
solution is fermented to ethyl alcohol 


This process can be applied successfully to five agri- 


cultural residues—corncobs, sugarcane bagasse, flax 
shives, oat hulls and cottonseed hulls. Development 
of the second step, saccharification of the cellulose frac- 
tion on a semiworks scale is still in progress. When 
this is accomplished, chemists at the synthetic liquid 
fuels plant will determine the economic practicability of 
the entire process. Engine tests made at the Labora- 
tory have already demonstrated that using derivatives 
of agricultural residues as motor-fuel supplements is 
technically feasible. 


OPPORTUNITIES FOR EMPLOYMENT IN THE 


BUREAU 


The brief description I have given of the Bureau’s 
organization and facilities, and the examples cited of 
the type of investigations which Bureau chemists are 
called upon to make, indicate the need which this 
agency has for men trained in special fields of chemistry 
and chemical engineering. At the present time, some 
1500 employees work in the Bureau’s various labora- 
tories, and about 700 of them fill professional positions. 
Employees holding professional grades established un- 
der the Civil Service classification system range from 
P-1’s, those in the lowest grade, to P-8, assigned to the 
Chief of the Bureau. 


In the junior professional grade (P-1) there were 139 per- 
sons at the end of the last fiscal year. 

In the assistant professional grade (P-2), 151. 

In the associate professional grade (P-3), 139. 

In the full professional grade (P-4), 108. 

In the senior grade (P-5), for section chiefs, etc., there were 
105 persons. 


These jobs carry salaries ranging from about $2900 
per year for those just beginning as P-1’s to about 
$7000, the top pay for P-5 section chiefs. In addition, 
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the Bureau has more than 50 positions in the higher 
grades—P-6, P-7, and P-8—including heads of divisions, 
directors of laboratories, assistant chiefs, and the Chief 
of the Bureau. As you may know, the Government’s 
highest salary for those who come under the Civil Serv- 
ice Classification Act is now about $10,330 per year. 

It is true that salaries in Government service may not 
be as high as some of those being paid by industry. I 
might say, however, that this is more often the case in 
the higher brackets than for those just beginning their 
scientific careers. Government service does have many 
advantages which industry frequently does not offer, 
and I shall say a word about them in a moment. But I 
wish to mention here that some firms engaged in chemi- 
cal processing of agricultural materials have come to 
look upon the Bureau of Agricultural and Industrial 
Chemistry as a training ground for their prospective 
scientific employees. In this connection, you may be 
interested to hear what the vice-president in charge of 
the research department of a large industrial concern 
recently wrote me. He said: 


Although your four regional laboratories have been in operation 
only seven years, I now look first to your Bureau for outstanding 
personnel to fill the key positions in this expanding department. 
Thus it was that we asked for the release of ..... (one of the 
Bureau’s P-6 employees) .... in order that he become an Asso- 
ciate Director of this Department. 

Not only the facilities of your four regional laboratories, but 
also the very purposes, the attitude, and the splendid direction 
which is given to those parts of your Bureau, prepare its men 
for leading positions in the agricultural processing industries. In 
fact, I have recently recommended to several students of chem- 
istry that they should specifically look forward to the possibility 
of some three to six years of work with your Bureau following the 
termination of their academic training, whether at the B.S. or 
Ph.D. level, before they enter industry. Indeed, I am coming 
to look upon such experience as an essential post-university 
“internship” for leaders in this field. 


This statement is of course a compliment which the 
Bureau appreciates, but I wanted to read it to you as an 
expression of well-considered advice from a leading 
chemical industrialist to young men and women just 
beginning their scientific careers. Industry’s practice 
of taking some of our best trained professional em- 
ployees certainly does not make things any easier for the 
Bureau. But I believe we are, to a high degree, serving 
the purpose of our existence as a government agency 
when we not only develop in the laboratory and pilot 
plant methods for industrial utilization of agricultural 
materials, but also supply the country’s industries with 
chemists who are qualified to guide the industrial ap- 
plication of these methods for the ultimate benefit of all. 

I should like to emphasize, however, that professional 
employment in the Bureau of Agricultural and Indus- 
trial Chemistry has advantages other than serving as a 
valuable apprenticeship for industry. And it also has 
advantages in addition to those usually associated with 
positions under the federal government, such as security 
of employment, regular promotions within certain 
limits, generous annual and sick leave with pay, and 
systematic saving through the government retirement 
plan, with liberal annuities after retirement or refund of 
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deposits to resigning employees with compound interest. 
Some of the special advantages of professional employ- 
ment in the Bureau are the following: it provides 
satisfying association with other chemists and scientists 
in other fields, and opportunity to join scientific 
organizations and to participate in their activities. 
The work is interesting, diversified, progressive, and 
almost entirely free from routine. It sometimes in- 
cludes participation in the pilot-plant development of 
new processes. There is opportunity for the chemist to 
continually increase his knowledge through laboratory 
investigations and through searching the world’s chemi- 
cal literature for known facts relating to particular sub- 
jects and problems. Bureau chemists can pursue 
postgraduate courses in chemistry or other subjects in 
nearby educational institutions outside of official hours. 
They frequently become known in the profession 
through authorship of research papers or acknowledged 
contributions to them. They have opportunities to 
attend meetings of national scientific societies at govern- 
ment expense and to present papers on Bureau research 
at these meetings. And they receive credit for inven- 
tions made and patented at government expense and 
dedicated to the public or assigned to the Secretary of 
Agriculture to be licensed for nonmonopolistic use. 
Sometimes they may be granted commercial rights in 
patents not related to the inventor’s regular work. In 
these cases, the government reserves the right to use the 
invention if it desires to do so. 

Those are some of the opportunities. They can be 
realized, of course, only if the individual chemist is 
properly qualified for the work which he will be required 
to do in the Bureau. The qualifications expected of a 
young chemist seeking employment in the Bureau of 
Agricultural and Industrial Chemistry include, first of 
all, a good education in general descriptive and theo- 
retical chemistry, organic chemistry and analytical 
chemistry. And, needless to say, he should have an 
inquisitive mind and a determination to learn the an- 
swers to chemical questions. 

Willingness to work harmoniously with other scien- 
tists, and to do one’s utmost for the success of the re- 
search team of which he is a part, is a qualification more 
necessary now, perhaps, than ever before, because of the 
increasing necessity for teamwork in achieving scien- 
tific progress today. 

The Bureau chemist must also be honest in his atti- 
tude and actions with regard to the public’s interest in 
the work he does and ownership of the results he ac- 
complishes. After a chemist becomes a staff member of 
the Bureau, certain qualities will contribute to his ad- 
vancement within the organization. 

Particularly today, he needs postgraduate work in a 
special field, such as physical chemistry or biological 
chemistry, or in a related science. It is extremely im- 
portant that he be able to report his research results 
logically, concisely, in good English, as demonstrated 
by theses, published papers, or oral presentations before 
scientific gatherings. He shouldbe acquainted with 
the more important journals of the world’s chemical 
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literature, and he should have the ability to find in 
them all that has been published on a particular subject. 
He should endeavor to keep up to date his knowledge of 
current progress in some special field or branch of 
chemistry. Like all good chemists, he needs to have 
imagination, influenced by logic and common sense, 
that helps him to visualize the implications of new 
scientific discoveries and the possibility of applying them 
for practical purposes. And finally, he should have the 
habit of planning his work and of working according to 
plan. 

These qualifications are, of course, hardly different 
from those demanded by any good industrial research 
organization. 

I have tried to describe for you the purpose and 
organization of the Bureau of Agricultural and Indus- 
trial Chemistry, to indicate very briefly the kind of 
problems with which it is concerned, and to point out 
in a general way the opportunities and advantages of 
employment which it offers. Those of us who have been 
with the Bureau for a number of years are, I think, 
justly proud of some of its accomplishments and of the 
fact that the Bureau’s work is well regarded among 
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chemists and chemical engineers in the field of industrial 
utilization of farm products. 

I do not wish to leave the impression that the Bureau 
has, at any one time, a large number of vacancies in the 
beginning professional grade. But there are usually a 
limited number of positions open. Also, it should be 
pointed out that the selection of candidates to fill vacan- 
cies in the P-1 grade is made from registers of the Civil 
Service Commission resulting from annual examinations 
given throughout the country. These examinations are 
normally announced in the fall and are given in Febru- 
ary of the following year. Chemists with MS. or 
Ph.D. degrees, who can qualify for associate or higher 
professional grades, will find that registers for these 
positions are kept open continuously by the Civil Serv- 
ice Commission, and qualified candidates can obtain 
places on the registers by application to the Commission. 

Like all forward-looking organizations, the Bureau is 
anxious to attract capable, well-trained, energetic 
personnel. In its particular field, the utilization of 
farm products, it offers unique opportunities for service 
in advancing chemical science and industry in the Uni- 
ted States. The Bureau will welcome your interest. 


PROFESSIONAL DEVELOPMENT OF YOUNG 
SCIENTISTS IN NAVAL RESEARCH 


Tue Naval Research Laboratory is located on the 
Potomac River in the District of Columbia, about five 
miles from the Capitol and the Library of Congress. 
The Laboratory was founded in 1923 as a research arm 
of the fleet. It was a new concept for a Naval labora- 
tory to bea research laboratory. Although some fifteen 
per cent of the Naval Research Laboratory’s work con- 
sists of evaluative studies on new materials, at least 
eighty-five per cent of the work involves applied re- 
search of both basic and developmental nature. In 
fact, whereas most of the Naval laboratories are under 
Bureau control, the Naval Research Laboratory is 
under the jurisdiction of the Office of Naval Research 
and thereby has greater freedom of action and a wider 
variety of problems. 

The Laboratory consists of some ten divisions under 
civilian superintendents, totaling about 1500 profes- 
sional employees. There are three closely related divi- 
sions, one called Chemistry, one Metallurgy and one 
Nucleonics. The other divisions use chemists fre- 
quently as consultants and often on the staff when the 
problems require such training. The present staff of 
the Laboratory includes a small percentage of “‘career’’ 


P. BORGSTROM 
Naval Research Laboratory, Washington, D. C. 


employees but for the most part the men were recruited 
from universities and industrial laboratories. There is 
a small staff of Naval officers in charge of the admin- 
istration of the Laboratory and for contact work with 
the Naval Bureaus and the fleet. 

The type of problems at the Laboratory varies with 
the needs of the fleet. As has already been stated, the 
work has an applied tinge and covers a large variety of 
work. The Chemistry Division has problems of 
electrochemistry, organic, physical, inorganic, and bio- 
chemical nature. The number employed on any one 
problem varies with the needs and urgency. If a man 
is interested in instruments there are plenty of prob- 
lems of this nature, but please do not think we do 
“control” or “specification” testing for the Navy De- 
partment. That is done elsewhere and not at the 
Naval Research Laboratory. 

Now let us trace what happens to a prospective em- 
ployee in chemistry. If the employee has just com- 
pleted his formal education he is encouraged to express 
his desires as to the type of work he feels he can do best. 
He is then sent to the men who are interested in that 
kind of work and he talks with them and finally makes 
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his decision where he would like to be. We assume 
that the man is in a P-1 to P-3 rating, that is, a salary 
of three thousand to four thousand per annum. If 
at the end of a year or two, he finds that this work is 
not to his liking and that he would rather be in some 
other field such transfers can often be made. The em- 
ployee may find that he is deficient in certain types of 
training even though he ‘comes from an accredited 
institution and he may wish to pursue courses in mathe- 
matics, physics, or advanced chemistry. In the de- 
velopment of an employee it is difficult for him to do 
his daily work and this outside study, which he may 
desire, without guidance. At the close of the last war 
the administration of the Naval Research Laboratory 
decided that it would be wise to consider some method 
of training for these younger men so that they could 
advance their positions in the scientific field. To do 
this an educational program was inaugurated. This 
educational program, after discussion with employees, 
offered various types of courses that seemed interest- 
ing to the personnel on the reservation. A booklet 
called “The Scientific Training Program” has been 
issued and copies may be obtained by writing the Naval 
Research Laboratory. To teach these courses, arrange- 
ments were made with the local universities so that the 
courses would be taught on a level that would satisfy 
the requirements for credits at these institutions. Part 
of the instructing staff consists of employees of the 
Naval Research Laboratory who have had academic 
experience and are of the level in training and experi- 
ence that would fit them for university professorships. 
Sometimes the instructors come from one of the nearby 
universities. ‘The courses offered give the employee 
the background education required for degrees at uni- 
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versities either in this neighborhood or elsewhere. 
These courses are taken partly on the employees’ time 
and partly on the Laboratory’s time, usually 3:30 to 
5:30 p.m. At times it is advisable for the employee to © 
save his annual leave and with additional leave granted 
without pay he can spend one year at his chosen uni- 
versity to fulfill the residence requirements. When 
these requirements have been completed, it is frequently 
arranged between the universities and the administra- 
tion at this Laboratory that the research being done 
here can be used for higher degrees at the chosen uni- 
versity. In the last two years, seminars have been 
given in alternate weeks. The scope of one has to do 
with chemical subjects and the other with problems in 
physics. Both were well attended. The equipment 
at this Laboratory is excellent and there is very little 
difficulty in satisfying the universities on this score. 

The Laboratory has an excellent library of 22,000 
volumes, as well as thousands of documents from re- 
stricted and nonrestricted sources, and has an informa- 
tion service that aids greatly in any type of work that 
is desired. The Laboratory also has close relations 
with the Library of Congress and with other govern- 
mental libraries, so there is plenty of technical litera- 
ture available for any type of research desired. 

The patent policy of the Laboratory is liberal. The 
publication of completed work, especially when it is no 
longer of a restricted nature, is encouraged by the 
Laboratory. 

In closing, you may be interested to know that.it 
actually works. Four employees of the Chemistry 
Division received their Ph. D.’s last year, two from the 
University of Maryland, one from Johns Hopkins Uni- 
versity, and one from the University of Oklahoma. 


THE CHEMIST-TEACHER 


Av rue end of a long career as a teacher, Professor 
Bliss Perry wrote an- autobiography which is in my 
opinion the best account of the life of a college teacher. 


He called it “And Gladly Teach.”” The book and its 
title are equally revealing and challenging. It is my 
privilege to speak here about the chemist who is a 
teacher. It is my hope that some of my readers will be 
among the chemist-teachers of tomorrow. 

I can perhaps venture to speak as one representing 
the “median” teacher: neither good nor bad, neither 
distinguished nor obscure. What are the demands 
made upon one such? What must he know? What 
must he do? How should he doit? What are his privi- 
leges and what are his rewards? 


RAYMOND E. KIRK 
Polytechnic Institute of Brooklyn, Brooklyn, New York 


One who teaches chemistry must first of all be a 
chemist! No teaching techniques will ever replace this 
first requirement. And with equal certainty he must 
also be well-trained in physics and mathematics! Some 


“training (as much as possible) in the natural sciences 


and the earth sciences is also indicated. Chemical 
technology and chemical engineering must be known 
and appreciated if one is to be a well-rounded chemist. 
Experience in the chemical plant and in commercial 
laboratories will provide the indispensable background 
of practice needed by our profession. 

It will by now have been realized that I am not pro- 
posing any special training in chemistry for the likely 
chemist-teacher. This is equally true in my suggestions 
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for the graduate school training of prospective teachers 
of our science. They need the same training as do other 
chemists, since they are to join the same profession. 
The young man who plans to teach might well plan as 
broad a program of majors and minors as is permissible 
in his graduate school. He might well supplement his 
undergraduate training in the other sciences. Above 
all, he might well cultivate friendships with graduate 
students in biology, in medicine, in agriculture, and in 
engineering. It has always been true that graduate 
students learn more from one another than they do from 
their professors. A certain graduate fraternity (which 
shall be nameless here) has long operated to prove this 
point. 

In all that has been said previously about training in 
science there has been assumed parallel training in 
speaking and writing, especially at the upper class and 
graduate level. Some of this might well be formal; 
much of it must be informal. A vigorous critic who will 
point out errors of diction and accent is a “must” for 
each chapter of “‘student affiliates!’ 

History, language, and literature still hold their place 
in the training of well-rounded scientists. Economics 
and political history, especially when factual rather 
than doctrinaire, deserve their place in the training of 
the chemist. Here, too, a place on the debating team 
may well give much more training than long exposure to 
boring lectures. 

When the young Ph.D. contemplates becoming a 
teacher he needs both positive and negative advice. 
He might well think in terms of his first college teacher 
of chemistry rather than of his major professor in the 
graduate school. It is my firm conviction that the 
young man who thinks only of how to enhance his own 
prestige as an investigator should not enter teaching. 
The Research Institute and the Research Labora- 
tory have open doors for him! If there are any “Ivory 
Towers’’ of science left, one finds them elsewhere than 
in colleges and universities. 

His research program (and he should have one) must 
be chosen and directed primarily in order to train young 
chemists, and only secondarily to enhance his own pres- 
tige. He may not fully sense this at first, but a few 
conversations with experienced teachers will soon set 
him straight. 

Above all, the prospective chemist-teacher should 
never forget that he must expect to teach at all academic 
levels. It is still true in most universities that one earns 
his salary by teaching at the undergraduate level, while 


graduate teaching and research is an “extra time” , 


endeavor presumed to be its own reward. The young 
man who holds back his best when teaching freshmen 
will never know the real joys of teaching. When he can 
take over a class of ‘‘ags’”’ or “premeds,” who look on 
the subject as a necessary evil, and make them like it, 
and him, he will really be a teacher! He may even get 
one convert for chemistry! He will surely start a num- 
ber of the ablest men toward careers in one of the agri- 
cultural sciences or in experimental medicine. These 


are the men who count. They will always remember 
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your teaching! More real scientists in these fields can 
only come from your teaching. 

Our young fledgling Ph.D. should also be warned 
about faculty committees and faculty meetings! These 
must be endured, in silence, if humanly possible. 
Eventually there will come a day when the young pro- 
fessor can present his own pet ideas. They may be 
good or bad, they may be néw or old, but never should 
they be, “the way it is done at old Siwash.” Here, too, 
will come the day-when he can influence the training of 
young men. About one hundred hours of outside read- 
ing a year on the problems of college education will 
make the young professor a power in faculty committees 
within five years. (More than this is dangerous, and 
might well deflect him to a deanship; a fate worse than 
death!) 

The young teacher-to-be should realize that he must 
have and maintain a lively interest in young per- 
sons and their problems. Growing up is a painful 
process. It usually happens to young folks while they 
are in college! The young teacher (and sometimes the 
older one, too) soon becomes an adviser and counselor. 
Here he needs twice the amount of tact and discretion 
that anyone could possibly possess. He must deal 
gently and carefully with all the urges of youth. 
Fortunately, most modern universities maintain func- 
tional counseling services to which the more difficult 
problems can and should be referred. The young 
faculty man will reap a rich harvest of friendship in his 
student relationships. 

The nineteen-year-old sophomore halfback who has 
been featured in the preseason publicity should scarcely 
be expected to realize the importance of that mid-term 
examination. He may even send a local alumnus 
around to explain to you how important it is to have 
this halfback eligible for the game with “State.” Is 
this science? Would you have this problem at the 
“Whosis Institute of Pure Research?’ Perhaps the 
local alumnus is past your help. But you may still be 
able to aid the star halfback in his growing up. How 
should you act? What should you do? That is your 
problem, sir, not mine! But you can help to produce 
men, even from star halfbacks. 

The young teacher may discover a student genius 
starving in a garret, one whose high scholarship is 
threatened by the time spent in self-support. Surely a 
student grant can be had. But the needy students are 
many; the aid funds meager. Now the teacher must 
learn to wheedle. He must listen in silence while the 
“rah-rah” boy of the student aid committee (the com- 
mittee always has at least one!) sounds off about “giving 
aid to well-rounded young men who take part in campus 
activities.” The young teacher must also sit mute while 
the other pest of the committee (usually a scientist, I 
regret to say) gets off the line that goes, “of course I 
have no prejudices, but why don’t more of these appli- 
cants have old American names.” However, the short- 
age of boys with Sioux or Pawnee or Crow names per- 
sists! The professors on the committee who have been 
through this before shrug; and, eventually, the cases 
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are decided on their merits. And ‘eventually you see 
the young scholar go on to fame. Is this science? No, 
but it is a part of teaching. 

The prospective teacher must beware of the easy 
assumption of “three months’ vacation.’ In his first 
years he will teach summer sessions, in all his years the 
backlog of his scholarly work will eat up his summers. 
He may eventually be able to transfer his work to spots 
more or less remote from the campus, but it will never 
cease to make demands on his time. He can never 
explain this to his industrial colleagues, and he will soon 
cease to try. All his life the teacher may expect to be 
envied for the long vacations that actually never ma- 
terialize. The book, the paper, the consulting job (so 
that Junior can go away to college), will take time. 
One of the neatest survey articles that I know was 
written when its author was in bed with a broken leg! 

Teachers are not born, they are made. They are 
largely self-made. Formal courses in teaching methods, 
when taught by competent and devoted teachers, are 
of great value. They should be more widely utilized by 
young teachers. Beware the ones taught by experts 
who have themselves never taught subject matter. 
The best teaching in America is to be found in the ele- 
mentary grades of our fine public schools. Visit a 
first-grade room where reading is being taught by mod- 
ern methods. Try the third grade for arithmetic. 
Here are the teachers who get down to fundamentals. 
The best lectures in teaching methods that I have ever 
heard were given, along with class demonstrations, by a 
first-grade teacher in a State Normal School. 

It is still true, however, that most chemist-teachers 
must perforce make themselves good teachers. In my 
observation, the teacher who has learned to appraise 
his own teaching will eventually make himself a good 
teacher. He will check his results thoughtfully. He 
will relate his techniques to his results. To calculate the 
median grade for each written examination is an almost 
certain cure for cockiness. The teacher who knows his 
class will soon know his own failures. He will soon 
learn to analyze his raw material as well as to test his 
finished product. Like any other technologist he will 
soon learn that specifications for raw materials and 
procedures to be used in the processes are interrelated. 
The teacher who has an open mind, a willing spirit, and 
a love of humans can make himself a good teacher. He 
will learn the arts of outline and organization; he will 
master exposition and demonstration. He will use all 
the talents of his mind and personality to teach. To 
really teach is to study with the class and to plan in 
advance the direction that the study is to take. 

The teacher in any scholarly field needs to attain a 
state characterized by both self-abnegation and self- 
esteem. My late good friend and valued colleague, 
Professor John C. Olsen, always remarked, “everything 
in moderation.” No teacher ever needs to be a Uriah 
Heep! Neither should he be a “stuffed shirt.” 
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The young teacher who fails to study his own role and 
that of his science in the school where he is employed 
will never achieve teaching success. Never should he 
place himself above and beyond his class. One can 
seldom fool college students. An honest confession of 
lack of certain knowledge will stimulate honest thought. 
One who holds the Ph.D. may well admit how little 
chemistry he knows. The best way to know a subject 
is to teach it. There will always be a great thrill in 
studying a changing subject with each new crop of 
brilliant young minds. Beware the continued use of the 
same text or of the same old set of lecture notes. 

Self-esteem is especially necessary when the young 
teacher goes to meetings of the A.C. S. Here he may 
well discover how well industry rewards chemical knowl- 
edge and ability. Self-esteem, in moderate amounts, 
will aid him in making the decision to remain in the 
tiresome academic post. Indeed, the teacher of chemis- 
try is extremely fortunate in this regard. He knows 
that he is teaching because he wants to teach. Any 
time until his fifties he can shift to industry and obtain 
a much larger salary. His colleagues in history, lan- 
guage, and sociology are often not so certain that they 
are teaching from choice. 

The personal qualities of the teacher need little em- 
phasis here. Good health, bodily vigor, good speech, 
and good manners are all so important that elaboration 
seems useless. Then, too, there are subtler things com- 
pounded of all these things and more. My first teacher 
of chemistry, Professor H. O. Sutton, gave me his best 
advice about these. ‘Raymond, don’t take yourself 
too damn seriously!” 

The field for the chemist-teacher is wide open today: 
Each college and unviersity is understaffed. Most 
department heads have funds for additional well-quali- 
fied teachers that cannot be properly expended. The 
great shortage of competent chemists with doctoral 
training has denuded teaching staffs. The chemical 
industries have attracted many older teachers to their 
service. Many departments have professors approach- 
ing retirement. 

In the major fields of chemistry the greatest shortage 
seems to be in the field of “real” inorganic chemists. 
Next in scarcity come analytical chemists, followed by 
physical chemists. However, it can be safely predicted 
that 10 years will be required to staff adequately the 
departments of chemistry in the United States. 

All the predictions regarding future college enroll- 
ments bear out this prediction. Enrollments will not 
“level off”; they will only change with regard to rate of 
increase. The chemist-teacher is in great demand; 
this demand seems certain to continue. 

The boys who rode with General Nathan Bedford 
Forrest sang, “If you want to have a good time, join 
the cavalry!’ Concluding, I say, “If you want to 
have a good time, join those who are teaching chemis- 
try!” 





& CHEMICAL EDUCATION IN TASMANIA 


T ue prosiem of small universities is closely bound up 
with controversies between protagonists of large and 
small organizations of national and international scale. 
Small universities, as small nations, have disadvantages 
arising out of limitations of human and economic re- 
sources, but they have often the advantages of more 
intense human contacts, greater reality of democracy, 
and perhaps more enthusiasm than what is found within 
larger national and academic bodies. The problem of 
justification of the existence and scope of small univer- 
sities is closely bound up with problems of regional 
planning, an important feature of modern geopolitical 
ideas. For this reason alone a somewhat detailed sur- 
vey of one of the smallest universities in the English- 
speaking world may be justified. 

Tasmania is a little smaller than Maine, with a popu- 
lation of the same order as that of Delaware or Wyo- 
ming. Agricultural and industrial activities are well 


balanced. The main industries are mining, zinc refin- . 


ing, agficultural and paper manufactures. Cheap 
electric power continues to attract other industries. 
New industries and increased general immigration to 
Australia have resulted in a sharp upward trend of the 
population figures during the last few years. Tasmania 
became a British settlement in 1803. In 1856 respon- 
sible government was established and in 1901 Tasmania 
became one of the constituent states of the Australian 
Federation. Tasmania has always played a role far 
above its numerical importance in Australia and there 
were quite a few early suggestions and attempts to es- 
tablish an academy. These moves were initiated by a 
small, educated minority, but with the establishment of 
universities in the larger mainland states the idea of a 
Tasmanian university became popular all over the state. 
The University of Tasmania was established in 1889, 
but there were no academic activities until 1891. The 
first B. A. and B. S. degrees were conferred in 1894 and 
1897, respectively. From 1914 onward yearly gradu- 
ations permanently exceeded 10, to rise to about 70 in 
our days. Total enrollments rose from 50 to 300 be- 
tween 1900 and 1935. From then on enrollments grew 
rapidly to 750 due to a considerable éxpansion of 
science and engineering departments which began in 
1935. Since this trend is likely to continue, and present 
quarters are getting less and less adequate, it has been 
decided to erect a new university. The departments of 
- physics, botany, zoology, and geology have been estab- 
lished in temporary buildings on the new site. It is 


hoped that the new and permanent buildings for the 
chemistry and engineering departments, the latter 
offering temporary accommodation to mathematics, 


J. B. POLYA 
University of Tasmania, Hobart, Australia 


will be ready in 3 to 4 years. In the meantime much 
inconvenience is caused to students and staff by the 
dispersion of the University sites. The chemistry 
department, quite small by international standards, is 
housed in two buildings a few hundred yards away. 
The older laboratories and offices occupy a corner of the 
Hobart Technical College. This part of the depart- 
ment contains the administrative offices, library, main 
stores, lecture rooms, and second- and third-year labo- 
ratories. The building is antiquated and in bad repair. 
A smaller new building, opened in 1946, contains an up- 
to-date first-year laboratory, and a set of laboratories 
for staff and research students, including a small but 
very well-equipped spectrographic laboratory fitted for 
absorption, emission, photometric, and fluorimetric 
work. 

Affiliation with the universities of Oxford and Cam- 
bridge was necessary during the first period of the Uni- 
versity’s history. Letters Patent, granted in 1915, 
established the equivalence of Tasmanian degrees with 
other British degrees for professional purposes. The 
surprisingly large number of good and outstanding 
scientists and scholars turned out by the University of 
Tasmania completely justified formal recognition as a 
full university. Collaboration with Technical colleges 
was unavoidable from the beginning owing to the small- 
ness of the population and financial resources. After 
the first World War a body known as the Engineering 
Board of Management was set up to maintain staff and 
laboratories of the chemistry and engineering depart- 
ments. The staff of these departments serves both the 
University and the senior schools of the Hobart Tech- 
nical College. The latter institution was meant as a 
technical university for night students employed by 
industrial firms. Enrollments are small and some ad- 
vanced classes are given every 2 to 3 years only. Owing 
to staff difficulties some Technical College students are 
forced to attend daytime lectures at the University. 
Senior staff is either completely free from night instruc- 
tion or is committed to a few night time lectures only. 
These factors and an antiquated syllabus of the Techni- 
cal College are sources of inefficient teaching and hard- 
ship to students. A reformed syllabus according to the 
suggestions of the Australian Chemical Institute is 
likely to be put in effect in the near future, and a com- 
plete separation of Universit¥ and Technical College 
will become unavoidable when the science departments 
move to their new site. 

One of the main advantages of the Engineering Board 
of Management is the provision of additional funds. 
The university is very poorly endowed from private 
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sources and practically all expenditures must be met 
from public funds. The first budgets of the University 
were less than £5000. After the first World War Uni- 
versity expenditure rose to about £20,000. A change 
of government in 1934 has benefited all Tasmanian 
schools and the last audited report of 1947 shows an 
expenditure of over £90,000 including over £20,000 
through the Engineering Board of Management. Asa 
rough approximation multiplication of these figures by 
seven would give dollar values permitting comparison 
with the finances of American universities. 

Apart from the unusual system of dual control of some 
departments the University is organized on the usual 
British lines. The Chancellor is the nominal and the 
Vice-Chancellor the actual head of the University. 
Until now the Vice-Chancellor was one of the professors, 
but it has been decided to appoint a permanent Vice- 
Chancellor in the near future. The chief executive 
body is the Council which consists of ex-officio members 
and others elected by Parliament, staff, and Senate. 
The latter body consists of past graduates and has few 
functions beyond sending representatives to the Coun- 
cil. The Professorial Board consists of professors and 
acting-professors. The faculties of arts, science, en- 
gineering, law, and commerce consist of full-time and 
part-time teachers in addition to co-opted members to 
represent professions, employers, and nonacademic in- 
stitutions of education and research. There is no medi- 
cal faculty. Students of medicine, dental, and veteri- 
nary science may complete their first year in Tasmania 
with Physics, botany, zoology, chemistry, and medical 
organic chemistry. Pharmaceutical chemists have no 
academic status in Tasmania. Their education is made 
up of courses organized by the Pharmacy Board at the 
Technical College. They attend the organic chemistry 
lectures for medicals students. Tasmanian medical, 
dental, and veterinary students proceed to the univer- 
sities of Melbourne, Sydney, and Adelaide to complete 
their studies. Large enrollments and limited facilities 
at these universities have severely restricted the entry 
of Tasmanians during the postwar years. On the other 
hand, an investigating committee has reported that, in 
absence of private donations, it would be an unsound eco- 
nomic policy to establish a medical faculty before the 
state had reached a population mark of 500,000. 

The original staff consisted of four professors (mathe- 
matics, mining, English, and law) and four lecturers 
(chemistry, geology, and philological subjects). A 
chafr for biology was created in 1912 but it fell in abey- 
ance in 1931. Other scientific chairs were established 
in this order: physics 1927, 'chemistry 1941, zoology 
1943, geology 1947, and botany 1948. The teaching 
staff consists of 15 professors, 38 full-time lecturers, and 
44 others including part-time lecturers, demonstrators, 
and technical assistants other than research students. 
With the exception of professorial salaries, Tasmanian 
academic salaries now compare quite favorably with 
those at other universities. The following salaries are 
given not on the basis of exchange figures but living 
costs as computed from a recent detailed survey of 
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academic living costs in America and Australia.!_ Dem- 
onstrators, corresponding to instructors or tutors in the 
United States, are paid the equivalent of $2500-2900. 
Lecturers, second grade, (assistant professors) receive 
$3000-4000. Lecturers, first grade, have the scope of 
American associate professors and earn $4000-5000; 
they correspond to the lower paid senior lecturers at 
large Australian universities. Tasmanian senior lec- 
turers are equivalent to readers and associate professors 
at other Australian universities with salaries equivalent 
to $6000. Professorial salaries are of the order: of 
$7500, or about 20% lower than those at larger Aus- 
tralian universities. These salaries are due for an 
over-all increase. They contain a varying amount 
governed by the fluctuating living costs. 

Research qualifications were not of supreme im- 
portance in some earlier appointments. Nevertheless, 
30 per cent of the staff have distinguished research 
records. In some branches of mathematics, physics, 
chemistry, and biology Tasmanian scientists lead their 
colleagues in other parts of Australia. 

The normal science course leads to-.a B.S. degree in 
three years. Nine “units” of examination are required 
for this degree. Present regulations prescribe not less 
than four and not more than five first-yearand twothird- 
year subjects. Chemistry I and Physics I are compul- 
sory for all science students. One of the first-year 
subjects may be taken in languages, history, education 
or logic and psychology. Five “‘units’’ of chemistry are 
being taught but students are not permitted to take 
more than four. This is meant to prevent overspeciali- 
zation, although students of physicomathematical 
sciences are permitted to take eight and students of 
biology six units in their specialized field. This meas- 
ure is not in conformity with the wishes of students and 
industrialists and it may be remedied in the near future. 
Approved graduates may be permitted to proceed to 
Honors during a fourth year including advanced spe- 
cialized study and research work. First and second 
class Honors qualify for a Master’s course which is a 
pure research degree of two years’ duration. Further 
research work may lead to the degrees of Ph.D. and D.Sc. 
The practice of taking Honors and M.S. concurrently 
was abolished a few years ago. Theses for M.S., Ph.D., 
and D.Sc. degrees are submitted to distinguished exami- 
ners outside the university. There might be an ele- 
ment of unjustified inferiority complex in this arrange- 
ment but on the whole it safeguards the best interests of 
higher graduates. 

Courses in applied science are.of four years’ duration 
and carry Honors status. Unlike the courses for the 
B.S. degree the two applied courses (industrial chem- 
istry and applied electricity) do not contain optional 
units although some alternative units may be added 





1 On an exchange basis, the salaries in Australian universities 
are about one-half the corresponding salaries in American insti- 
tutions. However, the difference in living costs is such ‘that an 


Australian lecturer, on his annual salary of £750 (with an ex- 
change value of $2200), could not maintain his Australian stand- 
ard of living in America on less than $5000. Since this was 
written the price level has increased slightly. 
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with the growth of these recently established courses. 
The course in industrial chemistry for the degree of 
B.S. (Applied) is virtually a course in chemical en- 
gineering: mathematics, physics, mechanical and elec- 
trical engineering, workshop practice, and business 
practice for engineers make up more than half of the 
course. Twenty weeks of 40 hours must be spent in 
approved industrial work and a certificate of proficiency 
in first aid is also required. Candidates both for B.S., 
Honors, and B.S. (Applied) must have reading knowl- 
edge of two foreign languages. High-school certifi- 
cates are accepted for this purpose, but few students 
enter the University with some knowledge of any 
foreign language other than French. A course in 
scientific German is given at the University. There is 
staff available to give courses in Russian and Spanish, 
but there is no demand for such instruction at present. 

The lectures in chemistry are given by one professor, 
three first grade lecturers and one second grade lecturer. 
Senior demonstrators are in charge of tutorial sessions 
and practical work for undergraduates under the di- 
rection of senior.staff. Increase of staff was responsible 
for a number of changes in the chemistry syllabus. The 
present arrangement may be considered as permanent 
for some time to come. The first-year work in chem- 
istry includes one weekly lecture of a 3-term 27- or 28- 
week academic year in each of the following subjects: 
inorganic chemistry, theoretical chemistry, and organic 
chemistry. This last course is supplemented by extra 
lectures and demonstrations to medical and pharma- 
ceutical students. The practical work is done in two 
periods of two hours each per week. The work is 
mainly analytical. About six periods are devoted to 
elementary tests on organic compounds and basic or- 
ganic manipulations. The organic course stresses the 
main fundamental ideas of organic chemistry, such as 
history, methods of structural proof, isomerism, classi- 
fication, and nomenclature, with a brief survey of out- 
standing functional groups and applications. In the 
second year, three weekly lecture hours are shared 
equally between physical and organic chemistry. The 
first covers the scope of Findlay’s “Introduction to 
Physical Chemistry” and the latter the aliphatic and 
aromatic portions of Whitmore’s ‘Organic Chemistry.” 
Much of the theoretical work is covered in the form of 
fortnightly exercises followed by tutorial discussions. 
These exercises are designed to train the students in 
library work. - Notes are issued for physical chemistry. 
Notes on organic chemistry are limited to lists of names, 
terms, processes, etc., treated in the lectures, followed 
by a list of suggested reading. The second-year labora- 
tory course is a little over 160 hours in length. This 
time is shared equally between analytical and organic 
work. This system tends to overload students and is 
not sufficient to impart elementary technical skill. 
From 1950 onward students will be permitted to take 
two chemical subjects at the second-year level. One 
course will be General Chemistry II, including inorganic 
and physical chemistry, with 160 hours of analytical 
and physical laboratory work. The other course will be 
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Organic Chemistry II which will survey the whole field 
of elementary organic chemistry with a biochemical bias 
and which will inciude a series of 12 to 15 lectures on 
applied organic chemistry. The laboratory work of the 
new Organic Chemistry II course will cover the scope of 
Wertheim’s ‘Organic Chemistry Laboratory Guide.” 

Third-year work in chemistry is divided into optional 
units with one lecture hour and four practical hours to 
each unit. The options available at present are the 
following: inorganic chemistry, physical chemistry, in- 
dustrial chemistry, thermodynamics, and electrochem- 
istry, theoretical organic Chemistry, chemistry of 
naturally occurring compounds, and_ biochemistry. 
Three—in some cases four—of these units constitute a 
course in Chemistry III. Honors students may select 
third-year options and additional options like advanced 
inorganic chemistry, chemical physics, and a course 
consisting of advanced topics in organic and biochemis- 
try. Altogether six of these options must be taken by 
Honors students during their third- and fourth-year 
studies. The options must include inorganic chemistry, 
physical chemistry, and theoretical organic chemistry 
and the remaining options in the student’s specialized 


field. This means that an Honors course must be | 


planned at the beginning of the third year. Pract cal 
work during the Honors year consists of research alone. 
A short thesis must be submitted on the year’s work. 
Lack of staff and means prevented extensive research 
work before 1938. During the war research activities 
concentrated on applied problems, particularly wood 
hydrolysis. Increased staff and considerable public and 
private support made fundamental research possible 
after the war. The major fields investigated by staff 
and research students at the chemistry department of 
the University of Tasmania are the following: survey of 
trace elements in Tasmanian rocks; kinetics of the oxida- 
tion of sugars; organic chemistry of cobalt; organic, 
biochemical, and physical investigation of substituted 
amides; synthesis of triazoles; investigation of synthetic 
arsenicals and antimonials; and fractionation of euca- 
lyptus oils. Publication in these fields have just begun 
and are expected to rise steadily after an initial period 
of organizing and publishing delays. 
. Supplies of chemicals and equipment are good, al- 
though delays occur in the delivery of orders from over- 
seas. Dollar shortage is another source of inconveni- 
ence. The departmetal library is well stocked with 
modern textbooks and handbooks. All the major 
American and British journals are being received in 
addition to the Receuil and the Helvetica Chimica Acta. 
Russian journals are abstracted in Melbourne and orig- 
inal papers or translations are available. There is a 
grave shortage of journals from before 1920, but funds 
are available to buy sets of important journals. In the 
meantime the central library of the University has or- 
ganized a service of borrowing books and journals and 
obtaining microfilms and prints from other libraries. 
Even so, considerable delay in research work is caused 
by the lack of free access to important literature. An- 
other difficulty is the lack of microanalytical services. 
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FEBRUARY, 1949 


A complete set of microchemical equipment and chemi- 
cals cannot be used for lack of staff and lack of adequate 
quarters. Other Australian institutes have microanal- 
ytical services but Tasmanian requirements often re- 
ceive second and still lawer priority. 

Seminars were established by the chemistry depart- 
ment a few years ago. In addition to staff and ad- 
vanced students of the department, workers from other 
departments and school teachers also attend. Further 
valuable lectures are offered by: the Tasmanian branch 
of the Australian Chemical Institute in which members 
of the University staff have important functions. 

The greatest disadvantage of the University is a lack 
of adequate facilities for social intercourse. There is no 
Union building for students. The staff room is primi- 
tive and is not within the reach of most members of the 
science staff. There are no sports grounds, and aca- 
demic sports are possible only through the courtesy of 
other Tasmanian sporting bodies. The smallness of 
Hobart counteracts to a certain extent the lack of social 
contact within the University, but the increase of staff 
and departments makes better facilities and increas- 
ingly urgent matter which is delayed by building dif- 
ficulties for the time being. A certain lack of interest 
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among students in University matters is a natural con- 
sequence of these conditions. The extensive coopera- 
tion of teachers and their exceptionally pleasant social 
relations are due to the high standards governing human 
contacts in Tasmania and not to any organized effort. 

A comparison of educational standards and achieve- 
ments readily shows that under favorable conditions 
small universities like the University of Tasmania are 
able to do excellent work short of research work requir- 
ing large teams and many specialized services. With 
the growth of the state such facilities may yet be avail- 
able. In the meantime a healthy, active nucleus exists 
which can safely expand to almost any size without 
prejudicing worth-while traditions and the proper bal- 
ance of courses. The same thing cannot be said about 
some much larger universities. In this sense the Uni- 
versity of Tasmania offers a good argument in favor of 
smaller universities. Small classes (about 100 first- 
year, 30 second-year, 15 third-year, and 6 postgraduate 
students in the chemistry department) offer pedagogi- 
cal opportunities closely approximating the tutorial 
systems of Oxford and Cambridge while most difficulties 
of research work could be overcome by affiliation with 
almost any of the large Australian research institutes. 


a” BRITISH ANTI-LEWISITE 


Science sometimes counteracts its own potentially 
dangerous discoveries; the fact that we now have an 
antidote to the arsenical war gas, lewisite, called 
British anti-lewisite (BAL) means that it is no longer 
profitable to use arsenical vesicants of this type in war- 
fare. 

The work which led to the discovery of BAL had its 
origins firmly rooted in purely academic research. In 
fact, so unlikely did any connection between the bio- 
chemists’ work and therapy of a lewisite burn appear 
to be that, at an essential stage in the war research, an 
influential body decided officially to discontinue the 
investigation. Again, no one would have predicted 
that the financial support of war researches would re- 
sult in a drug of value in medical practice. 

To understand the way in which this antidote acts 
requires some preliminary knowledge of modern bio- 
chemistry. The transformation of chemical sub- 


stances, such as foodstuffs, in the course of their utiliza- 
tion in life, is brought about by special biochemical 
tools. These belong to the class of enzymes. Modern 
research has discovered many enzymes in the tissues of 
the body, most of them with very specialized chemical 
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functions. The power of movement is made possible 
by the transformation of the foodstuff, sugar, to the 
ultimate stages of the gas, carbon dioxide, and water; 
this liberation of energy takes place through a series of 
highly specialized and exact biochemical stages. Since 
this process is essential to life it follows that, if one of 
these stages fails through interference with its special 
enzyme, the course of sugar degradation is arrested; 
hence, there must also follow the arrest of the living 
process in the tissue with the gradual development of 
abnormal biochemical changes, known better as patho- 
logical processes. 

An example of this may be considered. It is known 
that convulsions occur in animals when they are fed 
upon diets deficient in the anti-beriberi vitamin, 
vitamin B, or aneurin. Biochemical research, much of 
it in Oxford, has shown that these convulsions are due 
to actual lack of vitamin B, in the brain tissue itself. 
This is because this vitamin is an essential component 
of the “pyruvate” enzyme; in its absence the enzyme 
does not function and consequently the degradation of 
sugar is stopped at the pyruvic acid stage. This arrest 
is fatal to the normal functioning of the brain tissue. 
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Proof of the arrest at this stage is readily found, because 
the unchanged pyruvic acid even accumulates in the 
blood stream. It is this same important enzyme which 
is attacked by lewisite, and it was used as a test enzyme. 


WARTIME RESEARCH 


Very early, indeed, in World War II, research was 
initiated by the Oxford University Biochemistry De- 
partment, supported by Britain’s Ministry of Supply. 
Its object was to find antidotes to the skin-blistering 
agents mustard gas and lewisite. The team which 
worked at this included mainly members of the staff of 
the department. The two guiding ideas were that these 
chemical warfare substances attacked the pyruvate 
enzyme and that the site of attack in the enzymes was a 
specialized sulfur grouping, known as the sulfydril 
group, SH. Both of these ideas had their origin in pre- 
vious work in this laboratory. The idea that the attack 
was upon a sulfur grouping dated back to about 1923, 
to work carried out independently in Oxford and in the 
United States on different kinds of arsenical substances. 
It received support from much evidence in the inter- 
vening years; that the pyruvate enzyme such as is 
found in brain might be susceptible and that this might 
be connected with vesication was suggested in 1936. 
In World War II it was soon confirmed that the 
pyruvate enzyme was extremely sensitive to attack by 
lewisite, and it was found to possess a sulfur grouping 
essential to its activity. It was further found that 
arsenical poisoning caused a rise in the pyruvic acid con- 
tent in blood, such as takes place in aneurin deficiency. 
From this it might be thought that some compound 
containing the SH group should act as an antidote by 
attracting away the arsenic from the tissue enzyme. 
Nevertheless, substances containing one SH group 
would not act as antidotes to lewisite. The arsenic 
was too tightly bound by the enzyme. 

Some ten months after the start of war, two of our 
colleagues (Stocken and Thompson) analyzed lewisite 
compounds of a product made from the protein in hair 
(or skin), known as keratin. Briefly they found that 
the arsenical compound did combine with the sulfydril 
groups in the hair keratin; further (and this was the 
crucial point), one arsenic atom combined with two 
sulfur groupings at once. This could only mean that 
it was forming a chemical ring. At once it could be 
seen why the arsenic was too tightly bound with the 
enzyme to be attracted away by the addition of other 
sulfydril compounds, because ring formation in chemi- 
cal compounds is known to lead to greater stability. 
The idea arose that if a compound containing two SH 
groups could be made capable of forming a more tightly 
fixed compound with the arsenic in the. lewisite than 
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that in the tissue, the poisoning arsenic could be re- 
moved. 


REVERSAL OF SYMPTOMS 


This led to a synthesis of the new compound BAL, 
whose chemical name is 2,3-dimercaptopropanol. It isa 
mobile oil, passing readily through skin, and it is simpler 
chemically than its name suggests, being just glycerol 
with two OH groupings replaced by SH. It forms an 
extremely firm compound with lewisite and was proved 
in the test tube to remove arsenic combined with the 
pyruvate enzyme, thus setting this free to resume its 
normal activities. In man, BAL will not only prevent 
vesication when applied before the lewisite, but in 
agreement with theory, even when applied two hours 
after contamination of the skin with lewisite, it will re- 
verse the commencing reddening and swelling. The 
BAL-arsenic compound is removed from the skin and 
excreted in the urine. It will also save animals from the 
toxic effects of lewisite, even when given after the onset 
of severe signs of diarrhea. 

This discovery has gréat possibilities in medicine 
which are being pursued by the British Medical Re- 
search Council. Occasionally as the result of treatment 
by arsenical drugs, sensitive patients get a horrible skin 
condition, called exfoliative arsenical dermatitis; such 
patients with the whole skin in eruption are very diffi- 
cult to cure owing to the avidity with which the arsenic 
clings to the skin. By the use of BAL, in the form of an 
oily injection designed in the United States, these 
patients can be restored to health in three weeks to a 
month. 


ACTION OF BAL 
First Step 


SH 
Tissue enzyme€ + Cl, As‘CH:CHCl = 
SH (Lewisite) 


Tissue enayme ASCH: CHC! + 2HCI 


Second Step 
CH:-SH 
Tieme enaymeC > As-CH:CHCI + CH-SH = 
CH,OH 


2,3-dimercaptopropanol 
(BAL) 


Tissue enzyme CH 
(free enzyme) ‘SH | 
CH,0H 
BAL-lewisite 
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2 LIGNIN RESINS 


Since lignin represents a cheap source of organic 
material (1), many processes have been developed for 
its utilization as a resin or plastic. Very few lignin 
plastics are produced commercially at the present time, 
but many articles have been published and patents se- 
cured in this field. Lignin in its natural state is not in a 
suitable condition for the manufacture of plastics and so 
after isolation it may be made more reactive through 
chemical treatment. 


RESINS FROM HYDROLYZED WOOD AND AGRICUL- 
TURAL WASTES 


Some natural plastic properties are found in lignocel- 
lulosic material which is taken from wood, straw, or 
other agricultural wastes. If these natural properties 
could be developed, commercial products could be 
created from a vast amount of material which now has 
low economic value. Wood and agricultural wastes are 
usually treated so that the lignin content is increased 
and altered chemically and physically in order to de- 
velop fusible and resinous properties. In most of the 
processes developed so far, this is accomplished by 
hydrolytic treatment—thermal or acid hydrolysis. 

Thermal Hydrolysis: According to Boehm (2), when 
lignocellulosic material is charged into guns which have 
a capacity of about 12 cu. ft. and treated with steam at 
pressures up to 1200 p.s.i. for a matter of seconds, the 
hemicellulose is largely hydrolyzed and removed. The 
cellulose is partially hydrated but otherwise substan- 
tially unchanged. The material is exploded by a sudden 
release of the high internal pressure and results in a 
mass of fibers and fiber bundles still containing their 
natural coating of lignin. When subjected to tempera- 
ture and pressure treatment, this fibrous mass can be 
molded into a variety of boards. 

The Masonite Corporation uses a process patented by 
Mason, Boehm, and Koonée (3), which results in the 
production of the well-known Masonite board. In this 
procedure wood chips are subjected for several seconds 
to steam pressures up to 84 kg. per sq. cm. The pres- 
sure is then released suddenly and causes the wood 
chips to disintegrate into a fibrous mass which can be 
dried, ground, or molded directly to form a dark, hard, 
water-resistant product. This product can be machined 
and has very good mechanical strength and dielectric 
properties. 

Some Russian investigators (4, 5) have described a 
molding material obtained by thermal hydrolysis in 
which sawdust is heated under a pressure of 8 atm. at 
170°C. for several hours. After the material is cooled to 
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80°-90°C., it is dried under reduced pressure and con- 
verted to a powder. By heating the powder, known as 
Barkalite powder, from 200° to 250°C. under 400 to 
1000 kg. per sq. cm. of pressure for 5 or 6 minutes, the 
product lends itself to molding and is said to have good 
mechanical properties. Bagdanov (6) ran a series of 
experiments to study the reactions of plasticizers and 
softeners such as phenol, furfural, a mixture of phenol 
and glucose, hexamethylenetetramine, sulfuric acid, 
and phosphoric acid on the Barkalite powder. 

By varying conditions and materials used, numerous 
other commercial molding products have been pro- 
duced by thermal hydrolysis. 

Acid Hydrolysis: In several processes, direct acid 
hydrolysis is used as a pretreatment. When wood or 
agricultural products are hydrolyzed by mineral acids, 
the ligneous residue has plastic properties after being 
subjected to heat and pressure. A process patented by 
Sherrard (7, 8) involves the digestion of sawdust with 
dilute sulfuric acid. The resinous residue is then 
washed with water until neutral to litmus and dried, 
and a yield of approximately 62 per cent by weight of 
the original wood is obtained. Higher yields are ob- 
tained if lower concentrations of acid are used. The 
strength of the product is decreased, but its water re- 
sistance is increased. After being ground to particle 
size, this material may be molded at 190°C. using no 
plasticizer except water. However, best results are 
obtained by the addition of aniline and furfural which 
lower the required molding temperature to 150°C. and 
causes marked modifications and improvements in the 
properties of the product. The resulting product is 
hard and dense and shows many of the useful properties 
common to the more expensive pressed materials. 

Olson and Plow (9) produced a thermosetting mold- 
ing compound which is similar to the products formed 
in the above process patented by Sherrard. 

Bergius, Koch, and Faerber (10) patented a process 
whereby the pure lignin residue of hydrolyzed vege- 
table material is pressed into a mold with a high con- 
centration of hydrochloric acid. When taken from the 
mold, the mass will retain the molded shape without 
the aid of any added binding agent. 

The British Mead Corporation (11) patented a proc- 
ess in which lignin material is produced by the acid 
process. The lignin is dissolved in phenol and the prod- 
uct is then reacted with formaldehyde. After being 
dried, ground, and mixed with a filler, the product be- 
comes a molding powder. 

A Russian patent (12) claims that a molded product 
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can be obtained by incomplete hydrolysis of ligno- 
cellulose with acid. This material is mixed with 6 to 
10 per cent of a plasticizer such as latex or benzyl 
cellulose. 

The above represents probably the most interesting 
of the many examples of resins produced by the acid 
process. 


WOOD SACCHARIFICATION 


There have been many attempts to utilize the lignin 
remaining as a by-product from wood saccharification 
in the production of alcohol. The production of a 
plastic has been the primary object of the investiga- 
tions. Burmeister (13) has patented a method for 
making a plastic composition which involves mixing 
together by weight 100 parts of pulverized lignin from 
wood saccharification, 11 parts of phenol solution, and 
132 parts of benzol. The mass is kneaded for 4 hours 
at 75°C., after which the solvent and unreacted phenol 
are removed. 

A German patent (14) claims to make a product that 
is useful as wall or floor covering materials from this 
much studied by-product. The ligneous residue from 
the saccharification of wood is deacidified and bri- 
quetted without the aid of a binder. Fillers can be 
added if desired. 

Grasser (16) converted this lignin into an alkali 
soluble product by treating it with an oxidizing agent. 
He then converted this into a water soluble resin by 
treating it with a sulfite or bisulphite. Karsch (16) 
has also produced a similar material. 

Farbenind (17) makes a plastic product by taking the 
lignin residue from the wood saccharification process 
and treating it with phenol, formaldehyde, and a 
catalyst. The mixture is heated at a temperature above 
the boiling point of phenol, and the water which is 
formed is removed continuously. The temperature is 
raised to 230°C. and condensation with formaldehyde 
is carried out. 

An investigation was made by Englert and Friedman 
(18) who found that a more desirable plastic product 
was made by using 41.5 per cent of Schollers’ lignin, 
50 per cent of wood flour, and 8.5 per cent of phthalic 
anhydride. It has been found that Scholler’s lignin 
does not lend itself for use as a molding powder unless 
chemically modified. 

Seiberlich has made thermosetting plastics (19) by 
treating Scholler lignin with zine sulfate or zinc oxide 
and then reducing this mixture with hydrogen sulfide. 
He obtained a material suitable for molding at 2000 
p.s.i. at 150°C. for 3 minutes. The resulting product 
shows possibilities for use as a material for wallboards 
and other structural purposes. 


CHEMICAL CONDENSATION AND POLYMERIZATION 


Sawdust, agricultural wastes, and free lignin will 
react and condense with a number of chemicals to give 
moldable products. In the reaction of aniline (20) with 
either sawdust, or agricultural waste the mixture is 
digested for 3 hours at 11.25 kg. persq.cm. The result 
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is an aniline lignin complex. In addition there is some 
hydrolysis of the polysaccharides. The yield is about 
95 per cent by weight of the original wood waste. The 
molded product obtained is hard and dense and has 
somewhat higher strength and water resistance than 
plastics prepared by the acid hydrolysis method. 

It has been known for many years that phenols will 
dissolve lignin at about 200°C. (21). The condensation 
of phenols with lignin causes this “solvent action” 
which is accelerated with the addition of small amounts 
of mineral acids. 

Champer and Christensen (22) have developed a 
method for preparing an infusible and insoluble resin 
by mixing 250 parts by weight of lignin which is sub- 
stantially free of cellulosic coristituents, 600 parts by 
weight of phenol, and 7.5 parts of sulfuric acid. The 
mixture is heated to a temperature of 150° to 160°C. 
and forms a fusible, soluble resin. The excess phenol 
and the water which is formed during condensation are 
removed. By adding an inert filler to this reaction 
product and subjecting the mixture to polymerization 
under pressure of 1000 p.s.i. at a temperature of 160° 
to 180°C., an insoluble, infusible resin is formed. 


Peanut hulls, cottonseed hulls, and other cellulosic 


materials can be utilized according to a process de- 
veloped by Jones (23). One part of any of these sub- 
stances is heated with less than one part of a phenol 
together with an inorganic acid such as hydrochloric 
acid. This mixture is heated until a sticky, gummy, 
fusible, partially disintegrated mass is formed. 

Ushakov (24) claims that the most favorable plastic 
masses can be obtained from lignin containing 10 per 
cent moisture, 4 per cent pentosans, and not more than 
7.5 per cent resins, fats, and waxes. When lignin 
having this composition is mixed with phenol, the opti- 
mum condensation temperature is 115°-120°C. with 
a catalyst or 2 to 5 per cent sulfuric acid. The sulfuric 
acid is neutralized with calcium oxide after the con- 
densation is complete. 


PHENOL-FORMALDEHYDE LIGNIN RESINS 


D’Alelio (25) obtained a patent in which lignin is 
first dissolved in phenol and the solution treated with 
0.5 to 0.95 mol formaldehyde per mol of phenol in the 
presence of an acid catalyst. It is then refluxed for a 
period of time sufficient to react with most of the form- 
aldehyde and then made alkaline. After adding form- 
aldehyde so that it is in excess of one mol per mol 
phenol, the mixture is again refluxed. The introduction 
of a dispersion agent adjusts the hydrogen ion concen- 
tration to approximately 7.0. The addition of am- 
imonia to react with the excess aldehyde contained in 
the neutral solution causes the mixture to form a dis- 
persion of the resinous product. 

According to a British patent (26), phenol and lignin 
in a formaldehyde mixture with an alkali base reacted 
at a temperature not exceeding 100°C. for 30 minutes. 
At this temperature and length of time, the mass will 
not separate into distinct layers. The most favorable 
resins are obtained by heating 130 parts of lignin, 100 
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parts of phenol, and 115 parts of formaldehyde for 
5 to 20 minutes at 110°C. 

Another British patent (27) involves mixing phenol 
and lignin 5 to 1, respectively, by weight, This solution 
is treated with aldehyde in the presence of acid. 

Matveev, Iv, and Agashenko (28) claim in a Russian 
patent that hydrolyzed lignin is condensed with phenol 
in the presence of an acid catalyst. The acid is neutral- 
ized and the product is condensed with formaldehyde 
in the presence of 0.2 to 2.0 per cent of an organic 
base. 


RESINS FROM ALKALI LIGNIN 


Various methods of converting alkali lignin into 
resins have been attempted with different degrees of 
success. Plunguian (29) claims to have made a com- 
mercial product from alkali pulp liquor which is suitable 
for plastics. By precipitating lignin from soda-pulp 
liquor with the use of carbon dioxide, followed by 
washing and drying, pure alkali lignin is obtained. 
This product, having the trade name “Meadol,”’ can be 
used as a thermoplastic binder, phenolic extender, 
modifying agent for thermosetting resins, and as a base 
for other chemicals. The powder obtained has a good 
cure and flow, and the plastic which is produced from 
it has only slightly less strength and water absorption 
than the straight phenol-formaldehyde powder. 

Crepaz and Bertolini (30) describe a process whereby 
acidifying alkali cook liquor with hydrochloric acid to a 
pH of 6.5 to 6.7 and then washing until it is free of 
chlorine ions, a reactive lignin can be obtained which 
remains “reactive.’”’ When heated to 200°C., this 
lignin forms a glossy, brittle solid with poor mechanical 
properties. If mixed with phenol it forms a black resin 
which can be combined with a filler and hexamethyl- 
enetetramine and molded in the same manner as a 
phenol formaldehyde resin. Lignin-aniline and lignin- 
aniline-formaldehyde combinations are also mentioned 
by Crepaz and Bertolini. 

Phillips and Weihe (31) were the first to condense 
alkali lignin with furfural and aromatic amines, ob- 
taining in each case a brown or black, hard and brittle 
resin. These reactions were effected by heating one 
part of lignin with one part of amine at 150°C. for 1 
hour. All of the resins were fusible and readily soluble 
in mixtures of organic solvents. The amines which were 
used included aniline, ortho- and para-toluidine, cymi- 
dine (1-methyl-2-amino-4-isopropyl benzene), ortho- 
and para-nitraniline, and dimethylaniline. Dimethyl- 
aniline-lignin resins are claimed to be useful in paper 
laminates. According to Morrell (32), the use of lignin 
furfural resins should be of interest as a source of pre- 
fabricated building materials. 

Scott (33) patented a process in which (meadol) 
alkali lignin is dissolved with ammonia in water and 
then reacts with formaldehyde to form a resin with a 
molding composition. 

The above examples represent only a few of the many 
investigations which have been made on the utilization 
of alkali lignin. 


RESINS FROM SULFITE WASTE LIQUOR LIGNIN 


The disposal of waste sulfite liquors to avoid stream 
polution has been a problem for many years. This 
material is being utilized for the production of plastics 
by such companies as Marathon Corporation, Burgess 
Cellulose Company, Hammermill Paper Mills, and the 
Robeson Process Company (34), but the quantities 
used represent only minute fractions of the lignin which 
is available. 

The colloidal and adhesive properties of sulfite waste 


. liquor lignin have been known for a long time, and it has 


frequently been recommended and used as a glue, ad- 
hesive, or cement. 

Since 1936 the Marathon Corporation’s Rothschild 
mill has applied the Howard (35, 36) process for the 
commercial utilization of sulfite waste liquor. The 
process involves fractional precipitation with lime. 
In the first step, bisulfite and loosely bound sulfur in 
the waste liquor are precipitated and recovered as cal- 
cium monosulfite. This recovered material is com- 
posed of 60 to 75 lb. of sulfur and 100 to 130 lb. of cal- 
cium oxide per ton of pulp. The calcium monosulfite 
is used in the preparation of sulfite cooking acid. In 
the second step, calcium lignosulfonate is recovered in 
amounts from 1000 to 1200 lb. per ton of pulp. The 
basic calcium lignosulfonate can be converted into free 
acid or into other salts. Heating the sodium salt with 
alkali results in the formation of vanillin. The resulting 
residue from this vanillin preparation is used for the 
production of plastics. 

The utilization of sulfite lignin for the production of 
laminated products or boards seems more desirable 
than using it for molding powders because of the 
greater quantities that may be utilized. Laminated 
sheets or boards are produced from lignin “plastic 
pulp” which have high strength, low water absorption, 
and good electrical properties. The products can be 
machined and are suitable for use in the electrical, 
mechanical, and decorative fields (37). 

Meiler (38) describes a “lignin-enriched filler” that 
can be obtained by cooking waste wood and waste 
lignin solution taken from sulfite waste liquor. This 
material contains a higher proportion of lignin than 
the wood flour filler which is normally used in phenol- 
formaldehyde resins. This “‘lignin-enriched filler” can 
be used as a'‘satisfactory extender for phenolics. 

_ Stresino (39) patented a process for making a molding 
composition which involves impregnating wood with 
sulfite liquor. The product is then heated with phenyl 
chloride to the optimum time and temperature to com- 
plete a chemical reaction. 

A process has been patented by Hockwalt and 
Plunguian (40) for preparing a water-resistant, resinous 
material suitable for molding. The method includes the 
reaction of sulfite digestion liquor with an alkaline 
material to remove the sulfonic acid compounds. This 
converts the lignin from the sulfite liquor to lignin 
having an alkaline reaction, which is condensed with a 
phenolic body and an aldehydic material in the presence 
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of a catalyst. A thermosetting resinous molding ma- 
terial is obtained. 

Despite the vast amount of study on sulfite waste 
liquor, its economic utilization is far from solved. 


RESINS FROM AGRICULTURAL PRODUCTS 


Much work has been done on wood plastics. How- 
ever, the production of lignin plastics from agricultural 
by-products and surpluses also has been extensively 
investigated. Agricultural wastes have less potential 
value than wood wastes, but there is no fundamental 
reason why agricultural wastes could not be utilized 
just as wood wastes for the production of plastics 
(41). 

Johnson (42) claims that a plastic molding powder 
can be made by heating together 30 parts of furfuralde- 
hyde, 24 parts of phenol, and 4 parts of ammonium 
hydroxide. The mixture is refluxed for 1 hour, and 
then 36 parts of soybean meal and 3 parts of lime are 
added. This is then heated with constant mixing for 
4.5 hours at 110°-120°C. The product is dried and 
ground to pass a 60 mesh screen. Forty parts of this 
powder, 60 parts of asbestos, and 6 parts of hexamethyl- 
enetetramine are molded at 200°C. under 1800 lb. of 
pressure per square inch. Plastics made by this process 
have strong mechanical strength and very low water 
absorption. Johnson also found that a plastic powder 
could be made by a similar process from corn cobs and 
corn stalks at a very low cost of $0.028 to $0.10 per 
pound. 

Harris (43) produced a plastic by heating to the boil- 
ing point in an autoclave 5 parts of zinc chloride, 5 
parts of water, and 100 parts of cresol or phenol. To 
this mixture 30 parts of ground corn cobs or oat hulls 
were added with stirring. The autoclave was closed 
and kept at 140°C. for 3 hours. The product obtained 
was vacuum distilled until the boiling point reached 
260°-300°C. The resin can be ground and mixed with 
wood flour to produce a plastic. 

Another resin that lends itself to molding has been 
developed by Sorgato (44). In the manufacture of 
cellulose from sorgo bagasse by the soda process, lignin 
is precipitated by acidifying the spent alkaline lye. 
The yield is 15 per cent of the dry substance and con- 
tains 12 per cent methoxyl groups. 

Although many other lignin resins have been inves- 
tigated, the above are representative and should indi- 
cate the possibilities in this field for the utilization of 


lignin. 5 
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ADOLF BUTENANDT 
RALPH E. OESPER 


University of Cincinnati, Cincinnati, Ohio 


Vitamins, hormones, and enzymes stand at the 
center of interest of modern biochemistry. The sig- 
nificance of these active materials was well characterized 
on one occasion by Adolf Butenandt when he declared 
that they form the basis of a “metabolism of a higher 
order.” The name of this biochemist is intimately 
connected with the isolation of the sex hormones and 
the elucidation of their constitutions. These accom- 
plishments are among the finest successes of hormone 
chemistry. From many thousand liters of human 
pregnancy urine he isolated, in 1929, the first crystals 
of the follicular hormone “oestrone.” Doisy, in the 
US.A., had equal success at about the same time. 
Only two years later, Butenandt obtained pure speci- 
mens of the male sex hormone “androsterone” from 
male urine. Structural studies of these substances 
gave the surprising revelation that the male and female 
sex hormones are very close chemical relatives. They 
belong to the class of steroids, from which vitamin D is 
also derived. ‘ 

It was extremely fortunate that Butenandt had been 
trained under Windaus! and so was thoroughly famil- 
iar with the chemistry of the sterols. Consequently 
the structural formulas of oestrone and androsterone 
were unraveled rapidly. In 1934 a further sex hor- 
mone, the pregnancy “progesterone,” was isolated and 
its constitution determined. After Ruzicka obtained 
androsterone from cholesterol by degradation, Buten- 
andt and his associates were quickly able to prepare 
progesterone artificially. Thése studies were rounded 
off by the synthesis of testosterone, a particularly ac- 
ive male sex hormone. 

The therapeutic application of these important hor- 
mones has, in large measure, been made possible by 
these researches. In recognition of their successful 
studies in the field of sex hormones, the Nobel Prize in 
Chemistry was conferred jointly in 1939 on Ruzicka 
and Butenandt. However, the latter was required by 
Nazi decree to decline the award. 

Adolf Butenandt was born at Wesermiinde on March 


1 See Onsper, R. E., Tots JouRNAL, 17, 499 (1940). 





24, 1903. Even while in school he divided his special 
interest between chemistry and biology, so that the 
choice of a field of study was difficult. Although he 
decided in favor of chemistry, he never lost the leaning 
toward biology. He was trained at Marburg and then 
at G6ttingen, where he took his doctorate under Wind- 
aus in 1927. The dissertation dealt with the constitu- 
tion of rotenone. He was assistant to Windaus from 
1927 to 1930, and during this period changed his field 
of research and study to biochemistry, which satisfied 
his leanings to both sciences. In 1931 he gained the 
docentship with his “Studies of the female sex hor- 
mone.” He was called in 1933 to head the organic 
chemical department of the Technische Hochschule at 
Danzig. Two years later, the Rockefeller Foundation 
invited him to come to the U.S.A. He made a 3-month 
tour of this country and gained acquaintance with its 
principal scientific laboratories. This same year he 
was offered the chair of biochemistry at Harvard, but 
refused the offer with full appreciation of the honor it 
carried. In 1936 he was appointed director of the 
Kaiser Wilhelm Institut fiir Biochemie at Berlin- 
Dahlem. During the war, he did alli in his power to 
retain his staff and to preserve his laboratory. How- 
ever, the situation in Berlin constantly worsened be- 
cause of the air attacks, and in 1943—44 the work and 
workers were moved to Tiibingen. Fortunately, the 
laboratory carried on in good shape through the dread- 
ful last year of the war and the final collapse of the 
German resistance. In 1945 Butenandt was named to 
succeed Knoop as head of the department of physio- 
logical chemistry at the University of Tiibingen, and 
at present he holds both this professorship and the di- 
rectorship of the K. W. I. f. Biochemie. 

After Butenandt closed his work on the endocrine 
hormones he turried his attention to other provinces of 
biochemistry—cancer, viruses, proteins, hormones of 
insects, and chemistry of gene factors. His work has 
been recognized as sound and outstanding, and he has 
received numerous prizes, medals, and honorary elec- 
tion to German and foreign scientific bodies. 





LABORATORY APPLICATIONS OF ION 
EXCHANGE TECHNIQUES 


EDWARD R. TOMPKINS 


Isotopes Division, 
United States Atomic Energy Commission, 
Oak Ridge, Tennessee 


(Continued From The January Issue) 


LABORATORY APPLICATIONS OF ION EXCHANGERS 


Apparatus, Techniques, Methods of Analysis, and of 
Continuous Survey of Column Solutions. The apparatus 
and techniques used in equilibrium type experiments are 
very similar to those used in determining the solubility 
of a solid substance in a liquid. A known weight of 
exchanger in a bottle or flask is equilibrated with a 
carefullly measured volume of solution containing a 
solute of known concentration. It is usually desirable 
to determine at least a minimum time necessary to 
attain equilibrium, although in most cases 24 hours is 
sufficient. The equilibrium distribution of the solute 
between the two phases may be determined by an- 
alyzing either or both. If the resin is to be analyzed, 


it should be washed with water to displace the adhering 
The simplest method is to withdraw an 


solution. 
aliquot of the supernatant solution and analyze it to 
determine the change in its ionic composition. In some 
cases, however, where the change in the concentration 
of the ions in the solution is very small, it is preferable 
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Figure 3a. Experimental Column Apparatus 


to analyze the resin phase. If radioactive isotopes are 
available, the analysis is facilitated. The concentra- 
tion of radioactive substance in the original solution 
may be compared to that of the solution in equilibrium 
with the exchanger to determine the fraction of solute 
combined with the resin. If the determination of this 
radioactive substance is made by counting it from 
solution of greater depth than the range of the radio- 
active particles, the concentration of the solute in the 
solution will be proportional to the radioactive count. 
This method of analysis has proved very useful in the 
author’s laboratory. 

When the alternate technique of using a column is 


- selected, the apparatus and methods are only slightly 


fractions from the bottom of the column. 
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more complicated. The column may be made from 
any piece of glass tubing having a porous support such 
as a sintered glass disc at the bottom to retain the 
resin bed and yet allow solution to pass through it. 
The resin should be introduced into the column by 
pouring a suspension or slurry of it into a funnel con- 
nected temporarily to the top of the water-filled column, 
and allowing the resin to settle slowly to form the bed. 
It is often desirable to take the precaution of keeping 
the outlet tube above the top of the column bed, or of 
venting it at this point, so that the syphoning action 
will not drain the solution from the column in case the 
supply of influent should become exhausted and thus 
allow air to enter the resin bed. Two typical columns 
are shown in Figures 3a and 3b. The rate of flow of 
solution through the column may be regulated either 
by a stopcock (or pinch clamp) (Figure 3a), or by chang- 
ing the head of the influent solution (Figure 30). 
To insure a constant flow rate, the solution storage 
bottle may be provided with a constant head device 
as shown in Figure 3b. 

In column experiments the solution is passed from 
the storage bottle through the column and collected in 
These frac- 
tions of effluent solution may then be analyzed to deter- 
mine the change in concentration of the ion or ions of 
interest in the investigation. A plot of the concentra- 
tion of any of these ions in the effluent versus the volume 
of solution which has flowed through the column is the 
usual elution (or break-through) curve. The larger 
the number of fractions which have been collected the 
more precisely can these curves be drawn. 

If an apparatus which will continuously record the 
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concentration of any ion in the solution is available, 
the elution curve may be determined directly. For 
this purpose, recording pH meters, spectrophotometers, 
count rate meters, etc., have proved very useful. If 
such an apparatus is available, the work of the investi- 
gator is much simpler than if the effluent must be col- 
lected in fractions and each analyzed individually. 
However, the absence of such an apparatus need not 
deter a prospective investigator from undertaking 
column studies. 

Equilibrium Studies. Ion exchangers are very useful 
for measuring chemical constants of ionic reactions in 
slutions, since they form compounds. of a definite 
chemical composition and are easily separated from the 
solution phase. Although the absolute AH or free 
energy. values of resin compounds may be of interest in 
some studies, for comparative work, only relative 
values are necessary. If the AH value for the com- 
bination of an ion with a resin is known, it may be 
employed to determine (by comparison) the values for 
other resin compounds. This is done by equilibrating a 
resin, already combined with one ion, with another ion 
in solution. Thus if portions of hydrogen-form resin 
are shaken with solutions of sodium chloride and potas- 
sium chloride in separate bottles, a comparison of the 
degree of affinity of potassium and sodium ion for the 
exchanger can be made by titrating the hydrogen ion 
released by each of the two exchange reactions. The 


use of the hydrogen resin in this case is similar to the 
use of a hydrogen electrode together with other half- 


cells for determining or comparing the reactivity of two 
other ions. 

It has been shown that the chief factors which deter- 
mine the strength of the bond between an exchange 
resin and any ion are the charge on the ion and its hy- 
drated radius (48). Thus, it is possible to compare the 
hydrated radii of ions by determining their relative 
equilibrium distribution coefficients. Likewise, it is 
possible to compare ions of different charge and so to 
establish a replacement series for all ions similar to the 
lyotrophic series (48, 49). 

The determination of the equilibrium constants and 
structures of complexes is an application of exchange 
resins which has proved very valuable (50, 51, 52). 
When a cation exchanger is allowed to compete with a 
complexing anion for a cation, it is possible to deter- 
, mine the dissociation constant, of the complex by a few 
simple equilibrium experiments. For this purpose, it is 
usually preferable if the cation being investigated is 
present in very low concentration. Carrier-free radio- 
isotopes or other radioisotopes present in concentra- 
tions below 10-* or 10-* M may be used conveniently 
for this purpose. By keeping the concentration low, a 
negligible amount of complexing agent and exchanger 
is combined with this substance, and thus may be 
neglected in making approximate calculations. Schu- 
bert and Richter (61) determined the dissociation con- 
stants for the citrate and tartrate complexes of stron- 
tium. This element was first shaken with the ex- 
changer in the ammonium form in a solution of several 


STORAGE BOTTLE ti 


(INFLUENT SOLUTION) 





LIQUID LEVEL 


-—— RESIN COLUMN 


PLASTIC 
TUBING 


SINTERED GLASS DISC 

















U 


EFFLUENT SOLUTIONS 


Figure 3b. Column Apparatus for Separating Similar Substances 


tenths molar ammonium chloride and a value for the 
exchange constant in the absence of citrate obtained. 
Next it was equilibrated with a solution of the same 
composition, with the exception that it contained 
citrate or tartrate of several tenths molar concentra- 
tion, at a neutral pH. The distribution of the stron- 
tium ions between the exchanger and the solution in the 
absence and presence of the complexing agent was de- 
termined by counting the radioisotope of this element. 
From these data, the dissociation constants of the 
complexes were calculated. The values obtained 
agreed closely with those previously reported in the 
literature. 

Tompkins and Mayer (62) have used this method 
to determine the dissociation constants and probable 
structure of rare earth citrate complexes in the pH 
range of 2.0 to 3.5. The method may be illustrated 
as follows: Let M*" be a cation which forms a complex 
MA, with anion A~” and combines with the cation 
exchanger anion R~ to give MR,. The equations for 
the competing reactions will be: 


M-* +. yA-™ = MA,# (2) 
M+* + nR- = MR, (3) 


and 


where x = n—ym. 





94 


In performing the experiment, the exchange constant 
for the second reaction (equation (3)) is determined by 
equilibrating a resin compound such as NHR with 
M~** in very low concentration (7. e., < 10-4 M) ina 
solution of NH,ClO,. _ If the value of n is not known, it 
may be obtained by measuring the dependence of the 
exchange constant on the activity of the ammonium ion. 

For the exchange reaction: 


M+* + nH.R = MR, + nNH,t (4) 
the exchange constant is: © 


_ (MR,)(NH*)* 


cali (M**)(NH4R)? 


and the dissociation constant for the complex is: 


(MAY) 
= O(a) (6) 


Solving equation (5) for M+" and substituting in (6) 
gives: 


K, 


_ _ (MAy,#)(MR,)(NHj*+)* 
Ki = (NER) (A-™) (7) 





in which the values in parentheses represent the activi- 
ties of the ions and complexes and the mole fractions 
of the solid constituents. For facilitating the ex- 
perimental determination of complexes, it is preferable 
that the ionic strength of the solutions with and without 
the complexing agent be equivalent. In equation 
(5), M+ is the fraction of total M which is in the 
liquid phase; MR, is the fraction in the solid phase; 
NH,R may be taken as the moles of resin added. In 
equation (6), (MA,’) is the total M in solution minus 
M* (M* is negligible for strong complexes) and 
(A~")” may be taken as the quantity of complexing 
agent added if M is present in very low concentration 
compared to that of the complexing agent. 

In making these calculations the activity coefficients 
of the various ions in the solution are needed. In the 
solid phase the mole fractions are employed (49). 
By the use of radioactive tracers, the activity co- 
efficients of ions at very low concentrations have been 
determined (53, 54). Exchange resins may likewise 
be used in other types of studies involving competing 
reactions in which it is necessary to separate the two 
phases before analysis. 

For use in determining physical constants (such as 
* the dissociation constants of complexes and activity 
coefficients), it is preferable that the resin have a single 
type of exchange group, and that its combining ca- 
pacity not be affected by pH. Some of the apparent 
hysteresis noted by Vanselow (16) for inorganic zeolites 
and by Boyd, Schubert, and Adamson (49) for Amber- 
lite IR-1, is probably due to the change in the com- 
bining capacity of these exchangers with pH, because 
no such hysteresis was obtained by Tompkins and 
Mayer (52) when Dowex 50, which is monofunctional, 
was used. 

Separations. The most valuable laboratory use for 
ion exchangers is for the purpose of separating ions. 
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The applications of exchangers include the preparation 
of very pure samples of substances from materials 
originally containing chemically similar substances and 
separations for analytical purposes. The latter use 
has not been well developed for the analysis of inorganic 
ions, but the availability of new ion exchangers should 
increase the applicability of this method. Since 
quantitative analysis depends upon the determination 
of the quantity of each substance, this method of separa- 
tion is very applicable to mixtures of very similar ions 
(55, 56, 57). In many cases the separations may prove 
to be more complete as well-as more rapid than the 
classical precipitation methods (as for instance in 
separating barium and radium (68)), while in other 
cases it has proved to be the only known method for 
making complete separations (as for instance .in the 
case of adjacent rare earths of the yttrium group (69)). 

For analytical purposes it is not necessary to recover 
all of the substance being determined if tracer is avail- 
able. For example if a known quantity of radioactive. 
isotope of an ion is added to a mixture and that ion is 
separated from other ions in the mixture in a yield of 
about 75 or 80 per cent the quantity of that ion origin- 
ally present in the mixture may be calculated. The — 
fraction of radioisotope recovered may be determined 
by comparing its final radioactivity to the initial tracer 
added. The total quantity of that ion recovered may 
be determined by any other method (e. g. colorimetric, 
titrimetric, or gravimetric). The quantity originally 
in the mixture may then be calculated by correcting 
this value to 100 per cent recovery. Furthermore, 
as will be shown below, under some conditions it is 
possible to get a good estimation of the quantity of an 
ion in solution by an analysis of its elution curve. 

The separation of ions may be made either by a batch 
process in which the resin in one form is shaken with a 
solution containing ions not already present in the 
resin, similar to the technique described in the equilib- 
rium experiment above, or it may be made by passing 
a solution through a column of the resin. The batch 
separation process can be used successfully for a good 
separation only when the substances being separated 
are very different in their affinity for the resin, or in 
cases where one may be strongly complexed, thus 
reducing the activity of the uncomplexed ion in solu- 
tion. For instance, because of the large difference 
in their charge and ionic radius, lanthanum and sodium , 
ion may be fairly completely separated by a batch 
process, while sodium and calcium would be poorly 
separated without the presence of a complexing agent. 
If, however, citrate at a neutral pH is added to the 
mixture of resin and solution, the sodium will be nearly 
all absorbed by the resin, while nearly all of.the calcium 
remains in the solution, since its citrate complex is 
only very slightly dissociated and is negatively charged. 


COLUMN SEPARATION 


Ion exchange columns are used chiefly for the ex- 
change of one ion in a solution for another (as in water 
softening and demineralization) and for separating 
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ions of similar characteristics. The first of these uses 
has been termed the “break-through” or displacement 
technique, and the second is similar to chromatographic 
processes in which the solutes to be separated are first 
adsorbed in a narrow band at the top of the column 
and then ‘‘developed” by passing a solvent through the 
column. Since the general types of reactions of cation 
and anion exchangers differ only in the charge on the 
ions, only the cation separations will be discussed. 

The Break-through Technique. This method is em- 
ployed when it is desired to remove one ion completely 
from a solution and substitute another for it, such as in 
the reaction: 


A*'+ BR = Bt + AR (8) 


It is used in (1) water softening (7. e., the replacement 
of Nat+ from NaR by Mgt+, Catt, ete.); (2) first 
step in deionization of water (7. e., the replacement of 
H+ from HR by all other cations in the water); (3) 
simultaneous recovery and concentration of trace 
substances: (e. g., the replacement of Nat from NaR 
with Pt*+4, Aut’, etc.). In the latter case the effluent 
solution is discarded and the adsorbed precious metals 
removed with a concentrated solution of H+ or Nat. 

Usually, in these processes a knowledge of the break- 
through of ion A+ (equation (8)), 7. e., its increase in 
concentration in the effluent, is desired. If one passes 
a solution of A+ through a column a plot of the ratio 
of effluent to influent concentration of this ion versus 
the volume of effluent gives the break-through curve of 
A+. If the conditions within the column were such 
that exchange occurred at each available bond, con- 
secutively from top to bottom of the column, the con- 
centration of A+ in the effluent would remain at zero 
until all bonds were saturated with ion At and then 
would rise immediately to that of the influent. A plot 
of this would give a curve similar to No. 3, Figure 5. 

In practice there is no such abrupt increase in the 
concentration of At in the effluent, but instead it rises 
in a manner similar to that shown by the sigmoid curves, 
Nos. 1 and 2, Figure 5. The slope of the curve and its 
degree of asymmetry depend upon a number of factors 
which will be discussed later. 


SEPARATING IONS BY ELUTION 


In the “chromatographic’’ separation the ions are 
first adsorbed in a narrow band at the top of the column 
and then a solution which will remove these .ions is 
passed through the column. Since the various sub- 
stances differ in their affinities for the resin, they will 
move down the column at different rates and thus tend 
to separate into distinct bands. If each ion of one of 
these solutes were to move down the column at the 
same rate, the band widths would remain constant, 
and each substance would be eluted in a volume equiva- 
lent to the volume of liquid phase in contact with the 
portion of exchanger on which this solute was originally 
adsorbed. A plot of solute concentration in the eluate 
versus the eluate volume for such a process would give 
an elution curve such as those shown in Nos. 1 and 4, 
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Figure 4, whose width would be determined solely by 
the original band width. 

Elution curves plotted from experimental data 
are usually similar to those shown in Nos. 2, 3, 5, and 
6, Figure 4, the degree of asymmetry depending upon 
the conditions during fhe elution. An integral curve 
(z. e., a plot of the per cent eluted versus eluate volume) 
has the form shown by the sigmoid curves Nos. 1 
and 2, Figure 5. These are similar to the break- 
through curves of a solute from this column under the 
same conditions. The difference between the break- 
through and integral elution curves may be seen by 
comparing the two theoretical curves, 3 and 4, of Figure 
5. The theoretical break-through curve is a vertical 
line, while the integral elution curve is a sloped line 
whose slope depends upon the quantity of solute being 
eluted. For small quantities of solute (as shown in 
curve 4, Figure 4) the slope of the integral elution curve 
approaches infinity, and thus the two become nearly 
identical. Experimentally the quantity of solute must 
be of macroscopic proportions before any difference 
between the integral elution and break-through curves 
can be noted. 

Analysis of the Column Reactions. For the purpose of 
discussing the column reactions, it will be assumed that 
the exchanger has 1.65 meq. or 107! exchange groups 
per cm. of column bed. If these groups are uniformly 
distributed, any cylindrical segment of the column 
1 cm.? X 1077 em. will contain 10‘ exchange groups 
(or 1.65 X 10-7 meq.). Suppose now that 1.65 X 107’ 
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meq. of monovalent cations A+ are adsorbed on a 
column of BR in such a manner that they are all con- 
tained in the uppermost segment (7. e., 1 em.2 X 1077 
em.) of the column, and then a solution containing B+ 
ions is passed through the column. How will the At 
ions move down the column, and what will be the shape 
of their elution curve? 

The first attempt to analyze the elution process of 
pigments of biological origin from zeolite columns was 
made by Wilson (60). In this theoretical analysis 
(which employed a continuous variable), he assumed 
that there is instantaneous equilibrium between the 
liquid and solid phases, that the effects of diffusion are 
negligible, and that there was an infinite number of 
exchange groups or points of attachment for ions in the 
column bed. His theory predicted that the bands of 
solutes maintain constant widths as they are eluted 
down the column and that the concentration of a solute 
is the same in all partsofaband. A plot of the theoreti- 
cal elution curve obtained by the application of this 
theory gives a curve similar to No. 1, Figure 4. 

None of the assumptions on which this theory is 
based is strictly correct, although they may all be 
approached under certain experimental conditions. 
Thus at very slow rates of flow, equilibrium in the 
column is approached. The widening of a solute band 
by diffusion may be small and the number of exchange 
positions in a column bed, while not infinite, may be 
very large, as shown above (7. e., 10?4/em.*). However, 
experimental elution curves are not of the type pre- 
dicted by this theory. 

DeVault (61) and Weiss (62) have extended this 
theory for the cases in which the adsorption isotherm is 
not linear (7. e., Henry’s Law is not followed). This 
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theory predicts very sharp leading boundaries and 
diffuse trailing boundaries for the usual type of iso- 
therm (2. e., when the adsoption increases less rapidly 
than the solute concentration), while in the cases where 
the ratio of the increase in the isotherm to increase in 
solute concentration is greater than unity, the theory 
predicts elution curves with diffuse leading boundaries 
and sharp trailing edges. For a linear isotherm the 
theory, like Wilson’s, predicts bands with sharp bound- 
aries on both leading and trailing edges. 

Gliickauf (63, 64) has shown that the isotherm may 
be determined by an analysis of the solute concentra- 
tion in the eluate solution from a chromatographic 
column. These theories were shown to give a rough 
approximation of the elution curves, the deviation 
being ascribed by the authors to diffusion and/or lack of 
equilibrium. 

In a different approach to this problem, Martin and 
Synge (65) compared the chromatographic column to a 
fractionating column and applied a plate theory similar 
to that used for distillation and solvent extraction 
columns. They showed that for columns operated in 
such a manner that the adsorption isotherm remained 
constant throughout the column, the elution curve 
conformed closely to the curve predicted by the plate 
theory when the number of plates was 100 or greater. 
They showed further that the shape of this curve 
approached the normal curve of error as the number 
of plates approached infinity. Thus the theoretical 
curve predicted by their theory has the form of curves 
2 and 5, Figure 4, instead of that of 1 and 4, as predicted 
by the theories of Wilson, DeVault, Weiss, and 
Gliickauf. 

The plate theory has been applied to ion exchange 
columns by Mayer and Tompkins (66) as a method for 
predicting the purity of rare earths separated by column 
elution. A careful study of elution of inorganic ions 
under a variety of conditions has demonstrated that the 


‘plate theory gives a very close approximation to the 


experimental curves, even for columns of as few as 
10 to 20 plates, when ihe solute concentration is such 
that Henry’s Law is obeyed (7. e., when there is no 
change in the distribution coefficient as the solute 
concentration varies). Application of this theory for 
predicting the degree of separation will be considered 
in detail in a later section. 

In none of the theories described above was an 
attempt made to evaluate quantitatively the effect 
of diffusion on the elution process. Beaton and Furnas 
(67) and Boyd, Adamson, and Myers (46) have applied 
the mathematics developed by Furnas (68) and Schu- 
mann (69) for heat transfer to predict the behavior of a 
solute on an ion exchange column. Solution of the 
equations gives a family of curves. By matching the 
experimental curve with these, it is possible to evaluate 
two dimensionless variables whose numerical values are 
dependent upon the dissociation constant and rate 
constants of the exchange reactions, the slope of the 
isotherm curve, the column length, fractional space 
occupied by the liquid phase, and the flow rate. By 
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use of this theory it was possible to evaluate the effect 
of a number of variables, and thus to predict column 
behavior over a wider range of conditions than was 
possible with the earlier theories. 

Because of the complexity of the ion exchange column 
process, it is still not easy to predict the behavior of a 
solute under a wide variety of conditions. For in- 
stance, the studies of Boyd, Adamson, and Myers 
(46) indicated that the form of the elution curve is 
nearly independent of flow rate at rates below 1 ml./- 
cm.?/min. for columns of resin with particle size of 
200 mesh. Experimentally, this was not found to be 
true in all cases by Mayer and Tompkins (66). 

Although the plate theory does not relate the rate- 
controlling mechanisms (e. g., diffusion through a liquid 
film, diffusion through the solid phase, rates of exchange 
reactions, etc.) to the shape of the elution curve, it has 
proved very useful for the interpretation of results 
under limited conditions. Its failure to predict closely 
the elution curve under a wide variety of conditions 
limits its general applicability. The range of its use- 
fulness has been extended by the discovery of better 
exchange resins and by the application of complexing 
agents as elutrients (66). This theory will not be dis- 
cussed in detail here, but its applications will be illus- 
trated. The maximum possible number of plates for a 
column of the resin described above would be 10’ per 
cm. length (7. e., the average number of exchange 
positions per linear cm. within the column). In prac- 
tice a plate is seldom shorter than 1 mm. in length. 

Example of a Typical Column Separation. In the 
previous section several theories of column separations 
were discussed briefly. An example of a typical separa- 
tion may serve to clarify the application of one of these 
—the plate theory. This example considers the separa- 
tion of two ions, A+” and B*, during their elution with 
a complexing agent from a column of exchange resin 
in the hydrogen form (HR). 

Equilibrium experiments are used to determine the 
ratios of the distribution coefficients of the two ions 
between the solid and liquid phases. This serves as an 
indication of the difficulty of the separation. The dis- 
tribution coefficient may be expressed as: 

concentration of solute in solid phase 


Ka= concentration of solute in liquid phase (9) 





K, may be determined by equilibrating a solute in solu- 
tion with a known mass of exchange resin. This can 
be facilitated by using radioisotopes of A and B as 
tracers. Each solute should be equilibrated with 
equivalent amourits of resin and solution in separate 
bottles. Then, by withdrawing a known aliquot of 
the solution at equilibrium and comparing the con- 
centration of solute in it with the concentration before 
exchange K, may be calculated by the formula, 


A — A; 
A 


‘ 
where A is the total solute; A,, that fraction in the 
liquid phase; v the volume of liquid phase; and m, 


Ki= x = (10) 
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the mass of resin. It has been shown by Tompkins 
and Mayer (52) that this relationship holds for any | 
ratio of solution volume to resin weight. Therefore, 
by the use of this expression it is possible to calculate 
the fractional distribution of a solute between the 
resin and solution phases within a column, if the ratio 
of v/m is known. 

Suppose that when 1 g. of resin is equilibrated with 
10 ml. of 0.25 M H,A (solutes A and B being added to 
separate bottles in concentrations of 10-* M), 59.24% 
of A and 32.26% of B remain in the solution phase. 
Then, 


1 ~ 0.5924 | 10 _ , 


Ka(A) = — 5994 1 


KB) = 1 — 0.3226 x 10 


0.3226 7 721 


K.(A)/Ka(B) = 5 


This indicates a relatively difficult separation which 
would require a “chromatographic” elution from a 
column. 

A preliminary column test run may be made to as- 
certain the conditions necessary for an acceptable de- 
gree of separation. As an example, suppose that a 
bed 1 sq. em. in area and 10 em. in length is employed 
in such a test run. Suppose that the resin selected for 
this run has a dry density of 1.515 g./cm.® (as deter- 
mined by the displacement method described above) 
and that 5 g. of resin (dried basis), when slurried into a 
column, has a bed volume of 10 ml. In such a case, 
the liquid phase will occupy 10 — (5/1.515), or 6.667 
ml. of bed volume. This has been designated (66) as 
the “free volume” V. 

It has been shown by Mayer and Tompkins (66) 
that the distribution of a solute between the solid and 
liquid phases in a column (7. e., C = Asotia/Atiquia) 
is numerically equal to the number of volumes, V, 
of solution which have passed through the column 
when the concentration of solute in the eluate is at a 
maximum. Therefore, from a knowledge of the value 
of C, the location of the peak of the elution curve may 
be estimated. ; 

From equation (10). 


ae 


6.607 = *25 


C(A) =7 X 


C(B) = 21 X gPae = 15.75 
When 5.25 V’s (or 35 ml.) of elutrient solution has 
passed through the column, solute A will have a maxi- 
mum concentration in the eluate; at 15.75V (or 105 ml.) 
the concentration of solute B will be at a maximum. 
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This information shows that fractions should be col- 
lected in such a way that the regions around the peaks 
‘ and at the minimum between them may be defined as 
closely as possible. This will allow a good determina- 
tion of the amount of overlap of the elution curves of 
the two solutes. 

Suppose that < 10-* moles of radioisotopes of A 
and B are adsorbed in a narrow band at the top of the 
10-ml. column by passing their solution of low ionic 
strength through the column, and elutrient is then 
allowed to pass through the column, the first V being 
discarded, since it contains only the inert solution from 
which the A+ and B+ have been removed during the 
adsorption step. As soon as the ‘elutrient solution 
appears at the bottom of the column, fractions should 
be collected. Fractions of 0.5V may be collected and 
each tested qualitatively for radioactivity until solute 
A first appears, after which three or four fractions of 
0.25V should be collected and then 0.5V fractions 
again taken until the peak of the curve is approached. 
In a similar manner fractions may be collected for the 
remainder of the elution of A and through the elution 
of B. (The fractions collected for B can be three times 
as large without sacrificing precision, since the elution 
curve will be wider in V units.) 

If the radioisotopes of A and B have sufficiently 
different radiation characteristics, analysis of the 
fractions by differential counting is possible (55, 56, 
66). As an alternative, each solute may be eluted 
separately from the same column and the elution curves 
plotted on the same graph to determine their degree 
of overlap (66). Suppose that Figure 6 represents the 
elution curves of these two solutes, which were origin- 
ally present in a molar ratio of one part of A to 1.7 
parts of B. The degree of overlap may be determined 
by direct analysis of each fraction, or, if the curves are 
symmetrical, may be calculated (66). 

The degree of separation will depend upon the widths 
of the two elution curves. This, in turn, is a function 
of the average number of exchanges or transfers made 
by a solute ion as it passes through the column. Cal- 
culation of this number of “theoretical plates’? may be 
made by the method shown by Mayer and Tompkins 
(66), or may be closely approximated by a simple 
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method suggested by L. A. Matheson (70), according to 
the formula, 


p=2 cu (Fae) (11) 


in which p is the number of theoretical plates, F,,,, 
is the number of V’s of elutrient which have passed 
through the column at the peak, and W is the half- 
width of the elution curve at an ordinate value of 1/e 
of the maximum (where e¢ is the log base). Since F,,,,. 
= C at the peak of the elution curve, 
2C(C + 1) 
pe ee 
When C is large, this is about equal to 2(C*)/(W?”), 
Application of equation (12) to the curves in Figure 6 
gives values for p of 24.1 and 25.0, as calculated from 
the curves for A and B, respectively. 

Having determined the number of plates in the 
column, it now becomes possible to calculate the 
degree of overlap of the elution curves of the two solutes 
and to predict the length of column necessary to obtain 
any degree of separation desired (66). For this purpose 
the elution curves may be assumed to have the form of 
the normal curve of error, a form which is closely ap- 
proached in many cases. The values for ¢ may be 
calculated according to the formula, 

t= PAF — C) 
[Cl + C)]'/2 


The values for the ordinates and the areas under the 
curve for various values of ¢ may be found in mathe- 
matical tables. From these data it is possible to 
construct the theoretical elution curve for any solute 
(t. e., a plot of F versus the ordinate values from the 
tables for the calculated values of ¢). 

For example, in Figure 6 the maximum cross con- 
tamination seems to occur at F = 8. This can be 
checked by determining the ordinate values for each 
curve in this region. Thus, at F = 8.0 


bo, = 25 (8 = 5.25) 
| SS ee 
°C N/5.25 X 6.25 


(12) 


(13) 


= 2.40 


_ 25 (8 — 15.75) _ 


—2.38 





te 2 oS 
15.75 X 16.75 

The ordinate values for these values-of ¢ are 0.0224 
and 0.0235, respectively, as compared to 0.3989 for 
t= 0. Thus the ordinates for these curves should be, 


0.0224 ap 
A= 0.3989 X 1.0 = 0.056 


0.0235 
B= 0.3989 X 0.6 = 0.0354 
Table 1 shows the ordinate values calculated in this 
manner for values of F from 6.0 to 10.0. Also shown 
are the ratios of A/B at each of these values of F. 
From these values it may be seen that the separation 
is far from complete when there are only 25 theoretical 
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plates in the column. _ Thus, only about 75% of A has 
been eluted before the level of contamination of B has 
risen to 1%. At an abscissa value of 8.15, where the 
ratio of A/B is 1.0, 99.45% of A has been eluted and 
0.96% of B. Calculations of these latter values are 
based on the relative areas under various portions of the 
elution curves obtained from the tables referred to 
above. It is obvious that the percentage of B obtained 
in high purity is greater than that for A. At F = 9.5 
the ratio of A/B is only about 0.01 (or B is being eluted 
in a purity of about 99%); but only 2.74% of B has 
been eluted. Thus the remainder (or >97%) of B 
may be eluted with a purity of > 99.99%. 





TABLE 1 
Calculated Ordinate Values for Curves of Figure 6 





Ordinates 
A B 


Ratio A/B 


117.00 
51.60 
19.25 

5.95 
1.58 
0.36 
0.065 
0.0105 
0.0024 


=> 
>] 


t(ay tB) 


0.655  —3.00 
. —2.84 
—2.69 

—2.54 

—2.38 

—2.24 

—2.08 

—1.92 

—1.77 





0.807 
0.552 
0.310 


0.0069 
0.0107 
0.0161 
0.0240 
0.0354 
0.049 
0.069 
0.095 
0.125 
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Since increasing the number of plates in a column 
will not change C, from equation (1/3), it may be seen 
that ¢ will be proportional to p'’?. Thus, it is possible 
to choose any degree of separation desired by arbi- 
trarily choosing a value of ¢ which for F = 8.15 will give 
a low ordinate value for both curves. Suppose that 
an ordinate value of 10% of that shown in Figure 6 
is chosen (7. e., 0.004). The number of plates necessary 
to give this separation may be calculated from values 
of ¢ taken from the table, as follows: 

(Cl + C)]2 


pit = 3.0385 X =e 


5.25 X 6.25 36 


a 5)2 Pek HE AR tc 
p = (8.085)* X G5 — 5.95) = 


Thus by using a column with 36 plates for the separa- 
tion, 99.96% of solute A will be eluted before 0.08% 
of B appears in the eluate; or 99.9% of A may be eluted 
with a purity in excess of 99.9%. 

As mentioned above, the quantity of a solute in a 
mixture may be estimated by collecting and deter- 
mining the amount of this solute eluted in high purity 
and determining the fraction of this solute in the an- 
alyzed sample. As an example, 74.4% of A has been 
eluted from a 25-plate column in a purity of 99.9% 
when 6 Vof elutrient has been collected. This sample 
may be analyzed quantitatively for A and the total 
amount of this solute in the original mixture calculated. 
When more than two solutes are being separated, it 
may be desirable to collect the 50-60% in the fragtions 
of highest concentration of each solute, discarding the 
fractions at each end of the elution curves. The use of 
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radioisotopes as tracers facilitates these analyses. 
Their use with an automatic recording device is of 
advantage in collecting fractions in such a way that 
samples of maximum purity may be obtained for the 
quantitative analysis of each solute. 

Factors Affecting the Number of Theoretical Plates 
in an Ion Exchange Column. As may be seen in the 
preceding section, the number of theoretical plates 
determines the degree of separation of two solutes 
eluted from a column. For this reason the factors 
affecting the number of plates are of considerable 
importance. A number of factors have been studied 
qualitatively, but little information of a quantitative 
nature is available. Some of these factors are: (1) 
column length, (2) particle size of exchanger, (3) 
flow rate of the elutrient, (4) diffusion rates of ions in 
the liquid and solid phases, (5) type of exchanger em- 
ployed, (6) nature and concentration of the solutes, 
(7) type of elutrient employed, (8) temperature, etc. 

As would be predicted, the number of plates in a 
column appears to be directly proportional to its length 
and largely independent of its diameter at low solute 
concentrations (7/, 72). When larger quantities of 
solutes are being separated, the column area is an im- 
portant factor in determining the degree of separation 
(72). For a column of any size, the number of plates 
will depend upon the operating conditions. It has 
been shown by Boyd, Adamson, and Myers (46) that 
the rate-controlling step may be the rate of diffusion of 
the solute ions through the solid phase or through the 
immobile liquid layer surrounding each particle. 

Since temperature increases both the rates of diffusion 
of ions and the rates of chemical reactions, increasing 
it should increase the number of plates in a column. 
Ketelle and Boyd (59) have demonstrated enhanced 
separation of rare earths by operating colurans at 100° 
C. The number of plates may be increased by several 
fold over the number exhibited at room temperature 
(73). This increases the separation of solutes at any 
flow rate or allows a separation equivalent to that at 
room temperature in a much shorter time. 

For operation at higher temperatures, it is important 
that the resin be stable to the chemical conditions within 
the column. It is also necessary to remove dissolved 
gases as completely as possible from the influent solu- 
tions, since otherwise they will condense out on the 
resin particles, forming gas bubbles which may cause 
the column to become blocked. 

Flow rate is a very important factor in determining 
the degree of separation of solutes (66, 71, 72). It is 
interrelated with resin particle size, temperature, the 
type of resin, and the nature and concentrations of the 
solutes. For this reason a study of the effect of flow 
rate under any arbitrarily chosen conditions is of limited 
value for application to other operating conditions. 
As the flow rate is reduced, the number of plates in a 
column increases. A study of this relationship with 
Amberlite IR-1 (71) showed that for resin with par- 
ticle size of 40 to 60 mesh, the number of plates was 
largely independent of the flow rate below 0.5 ml./- 
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cm.?/min. However, when Dowex 50 of 170 to 200 
mesh was employed, the separation of two solutes in- 
creased as the rate was dropped from 0.05 to 0.02 ml./- 
cm.?/min. (66). 

In general, the number of plates may be increased 
by: (1) using resin of small particle size, with a high 
combining capacity and through which ions may diffuse 
rapidly; (2) operating a column at as high a tempera- 
ture and as slow a flow rate as is practical; (3) keeping 
the solute concentration low enough so that Henry’s 
law will be followed; and (4) using as long a column as is 
practical. For very difficult separations it is important 
that the number of plates be as large as possible. 
For separating solutes less similar’ in properties, a 
small number of plates may suffice. 

If the separations are made under optimum condi- 
tions, the elution curves will be symmetrical. If the 
quantity of solute is too high, the flow rate too rapid, 
or other conditions are unfavorable, the elution curve 
will be asymmetrical with the maximum concentration 
appearing before 50 per cent of the solute has been 
eluted. The degree of asymmetry will depend upon 
the conditions. Typical curves of this type are Nos. 
3 and 6, in Figure 4, and No. 2, in Figure 5. This 
“tailing out” of a solute will decrease the separation, 
and, for the best results, should be avoided. 

Future of Ion Exchangers in the Laboratory. Only a 
few laboratory applications of ion exchangers have been 
investigated to date. With the production of ex- 


changers of a wider variety of properties, these sub- 


stances should find a continually increasing number of 
applications. Organic substances may be separated 
by utilizing a resin whose active group has a dissociation 
constant within the correct range for separating the 
solutes of interest. Series of exchangers with graded 
dissociation constants for both cations and anions will 
be available commercially within a short time. From 
these series it will be possible to choose that exchanger 
with the desired characteristics. Another series of 
resins with carefully controlled pore size is being 
developed. This may permit the separation of ions 
on the basis of their sizes. 

Precipitation reactions are employed for most of the 
currently used analytical methods. These are based 
on variations in the solubilities of different compounds. 
To devise a new method it is customary to refer to 
published tables of solubilities of chemical compounds. 
When the field of ion exchange separations has been 
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developed to the stage where such tables for various 
exchangers are available it should be possible to devise 
much more efficient methods for many separations than 
those dependent upon differences in solubilities. Until 
such information is available it will be necessary for 
each investigator to determine the applicability of 
whatever exchange resin and elutrient he may have 
selected for his purpose. 

It is important that the preliminary investigations 
concerning the effect of variables on the column ef- 
ficiency, made to date, be supplemented, in order that 
the interdependence of variables can be established 
and quantitative data concerning the effect of each can 
be obtained. This will aid in the interpretation and 
correlation of results of various investigators and give a 
basis for engineering developments for adapting these 
methods to a large number of commercial separations. 
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SUBCOMPOUNDS 


Specrroscoric analyses have indicated the existence 
of some extremely simple molecules with which chem- 
ists are unfamiliar. The majority of these molecules 
are diatomic and exhibit apparently anomalous va- 
lences. They have been grouped together under the 
term ‘“‘subcompounds.” There are a number of sub- 
compounds which are stable entities. Carbon mon- 
oxide is a typical example of these. Less familiar sub- 
compounds are CH and OH, both of which are known 
and accepted as intermediate products of short life in 
the mechanism of certain chemical reactions. 

As a group these compounds tend characteristically 
to appear under conditions which are not ordinary. 
The band spectra which have been used to identify 
them appear in electric discharges, flames, etc. The 
existence of the subcompound, OH, is postulated on the 
basis of the fact that if water vapor is present in dis- 
charges and flames bands often appear at 3060 Ang- 
strém units. Analysis shows these bands to belong to 
freeOH. The existence of CH, C2, CN, NH, and many 
other compounds has been similarly demonstrated. 

Generally speaking, the compounds known as sub- 
compounds differ from those referred to in the litera- 
ture as free radicals (1) and also from the well-known 
“halogenoids” and ‘‘pseudo-halogenoids.” Free radi- 
cals tend to possess additive properties, and ‘‘halo- 
genoids” form under more normal conditions and are 
more stable. Subcompounds have been defined as 
“molecules of extremely simple types with apparently 
anomalous valences associated with their constituent 
atoms” (2). More is known about them than one might 
_ ordinarily suspect. Not only have their existence and 

physical stabilities been proved but also their inter- 
nuclear distances, vibrational frequencies, heats of 
dissociation, and electronic structure have been deter- 
mined (3). Preliminary calculations have been made 
on the equilibria governing the coexistence of many 
compounds which are thought to be important con- 
stituents of stellar atmospheres and to coexist at the 
high temperatures found in stars (4). They appear to 
be diatomic molecules, and usually they contain atoms 
which exhibit abnormally low formal valences. 

Many possible subecompounds have eluded detection 
and characterization by chemical means. In some 
cases their inability to exist as such in the solid state is 
one of their characteristics. Frequently the equilib- 
rium involved in subcompound formation undergoes 
rapid reversal and this inhibits isolation. Two facgtors— 
their inability to exist in the solid state and the rapid 
reversals of the equilibrium involved in their forma- 
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tion—would indicate the possibility that these com- 
pounds play an important role in high-temperature 
processes. 

Silicon has long been known to form “lower oxides” 
and at one time a product, ‘“Monox,” was marketed as 
SiO. X-ray examination showed “Monox” to be an 
intimate admixture of silica and silicon (6). Only in 
1940 were the important characteristics of true SiO 
investigated (6). Zintl and his coworkers found that 
the following reactions were possible: 


° 





Si + SiO. + Al,O;-2Si02 > [Si + SiO.] + Al,O; 
evacuated tube 
1450° 
—— 
evacuated tube 
[Si + Si0,] + Al,O;- BeO 


Si + SiO: + 3BeO, Al,0;-6Si02 


° 


145) 
Si + SiO. + Zrsio, ———————> [Si + SiO.] + ZrO, 
evacuated tube 


The product Si + SiO2 volatilized completely from 
the reaction zone and appeared as a brown sublimate 
having the net composition of SiO. In each case the 
sublimed mixture had the same composition. It is be- 
lieved that SiO is formed in the vapor phase in the ini- 
tial reaction but disproportionates rapidly on condensa- 
tion according to the equation: 


2S8i0 — Si + SiOz 


Other methods of forming SiO are known (4). 
illustrate: 


To 


elevated temperatures 





Columbium oxide + silicon > 
SiO + columbium metal 


elevated temperatures 
Ll > 





Tantalum oxide + silicon 


SiO + tantalum metal 


The condensed “SiO,” actually Si ++ SiOs, is a good 
reducing agent, probably because of the finely divided 
silicon. It has been used successfully in the high-tem- 
perature reduction of dolomite to magnesium metal, the 
reduction of zinc ore to zinc metal, and, to a lesser ex- 
tent, in the production of phosphorus from phosphate 
rock. Although true SiO is not stable under ordinary 
conditions, there is some evidence from studies on 
silicon-oxygen equilibriums in molten steel that it ex- 
ists in dilute solution (7). A consistent constant for the 
equilibrium: 

SiO, + 2 Fe = 2FeO + Si 


has not been obtained but if the assumption is made 
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Diatomic Molecules for Which 


There Is Spectroscopic Evidence 





1 2 


HS 
Lik 
LiCs 
LiRb 


BeCl 
BeF 
BeH 


Nak 
NaRb 
NaCs 


MglI 
MgF 
MgCl 
MgH 


1A 2A 3A 44 6A 6A 7A 


3 6 


BBr 

BO NH 
BCl NO 
BH NS 
AIC] SiBr PH 
AIF is PN 
AlO iSe PO 
AlH i 


8 3B 





K, CaBr ScO  TiCl VO 
CaCl TiO 
CaH TiS 
Cal (17) 


SrBr (O. ZrO 
SrCl 


SrF 
SrH 
BaBr 
BaCl 
BaF 
BaH 


LaO 


Rare earths: PrO GdO LuO 


CrH MnH FeCl 


FeH 


CoBr NiH 
CoCl NiCl 
CoH 





that the reaction takes place in two steps the experi- 
mental data on equilibrium constants are very satis- 
factory. The reaction would then be written. 

SiO, + Fe ~ FeO + SiO 

SiO + Fe — FeO + Si 
Also, it has been found that at high oxygen content the 
silicon present in a molten steel bath is largely SiO. 
Obviously, similar considerations may apply to equilib- 
ria involving other alloy and impurity elements in steel 
and in metal systems generally. 

Boron monoxide, BO, appears to exist under condi- 
tions similar to those under which SiO is found (8). 
Boron trioxide is too volatile to allow study of its reac- 
tions with boron at high temperatures in simple appara- 
tus, and the reaction has been little studied. However, 
Zintl was working on AIO at the time of his death in 
1942 and had evidence for the reaction: 


vacuum 
1300° 


The reaction of zirconium dioxide with boron at 1800°C. 
in a vacuum is one in which the ZrO.-Boron mixture 
loses boron and oxygen in a 1:1 ratio, indicating the 
possible formation of BO. The unusual volatility of the 
lower oxides of titanium-oxygen (9) and vanadium- 
oxygen (1) systems would indicate the presence of sub- 
oxides in the vapor phase. Sulfur monoxide chemistry 
also fits well into subcompound chemistry (10). 

Klemm and Voss (11) published an interesting sub- 
compound study on aluminum subfluoride, AIF. It 
was previously known that aluminum metal reacts 
with metallic fluorides at 800°-1000° to give a product 
which is volatile at low pressures. In order to explain 
this volatility, Klemm and Voss postulated the exist- 


ence of a volatile subfluoride. They heated anhydrous 
aluminum fluoride, AlFs, with aluminum in an evacuated 
tube to 650°-670° and collected the sublimate which 
formed in a water-cooled silica thimble. This was a 
black material which became white when heated in an 
argon atmosphere at 600°C. The zone of the reaction 
vessel which reached the highest temperature, approxi- 
- mately 750°C., contained a white sublimate. X-ray 
studies on both sublimates indicated the black deposit 
to be AIF; and the white deposit to be a mixture of 
AIF; and AIF which corresponded to the formula AIF;.3s. 
Repeated sublimations of this AIF).3; mixture im- 
proved the product to AIF;.o5. Similar treatment of the 
black deposit had no effect. 
From these results Klemm and Voss felt justified in 
concluding the reaction to be one in which AIF forms 
and disproportionates according to the equations: 


AIF; (anhyd.) + 2Al — 3AIF 
3AIF — AIF; + 2Al 


However, they indicated further investigation should 
be carried out in order to account for the differences in 
the black and white sublimates, which differences may 
or may not be due to crystalline form. 

Other interesting subcompounds which have been 
described in the literature are: CaCl, which is a red- 
dish violet compound prepared by heating CaCl, with 
Ca at 800°C. (12); CaF, which is a reddish orange com- 
pound prepared by heating a mixture of CaF, and Ca 
at 1400°C. (13); Cdl, a greenish yellow powder, which 
is prepared by heating Cd and I, in a steel bomb at 
1000°C. for ten hours and then suddenly cooling the 
mixture by immersion in cold water (14). By means of 
a photolysis reaction the preparation of imine, NH. 
from N3H has been described (15). 





T; 
equ 
Stei 
cou. 
gen 
are 

equ 
bilit 
2K 
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The following listing of subcompounds according to 
the periodic classification of the elements may serve to 
show the variety and frequency of subcompound occur- 
rence. The original work on these compounds may be 
found in Herzberg’s “Molecular Spectra and Molecular 
Structure” with the exception of those otherwise in- 
dicated (3). 

As a result of the study of these compounds it be- 
comes apparent that many subcompounds have es- 
caped detection and that it is quite possible that earlier 
conclusions may need to be reviewed. From the studies 
mentioned it appears that some compounds which have 
been described as subcompounds have, in reality, been 
mixtures of elements with compounds which exhibit 
more normal valency. On the other hand, these mix- 
tures may be disproportionation products of true sub- 
compounds which are stable only at high temperatures. 
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THE REACTION BETWEEN POTASSIUM 
PERMANGANATE AND HYDROGEN PEROXIDE 


A Special Project in Quantitative Analysis 


Tue potassium permanganate-hydrogen peroxide 
equation is one of several that were described by 
Steinbach! as “nonstoichiometric equations” which 
could be balanced in several ways. The following 
general equation will confirm his statement that there 
are theoretically an infinite number of solutions to this 
equation, although it does not include all of the possi- 
bilities listed by Steinbach: 


2KMnQ, + nH202 + 4H2SO, > 2MnSQ, + 


(*F*) + +39H0 (1) 
in which n may be any odd integer. Even values of n 
may be used provided the invariant coefficients are 
doubled. 

The reaction in which n=5 is the generally accepted 
one. Huckaba and Keyes? have recently shown the 
accuracy of this method of determining H,O2 as com- 
pared with the gasometric method. It can also be 
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shown that, using procedures in standard textbooks of 
quantitative analysis, this method gives results equiva- 
lent to those given by the thiosulfate method of deter- 
mination of peroxides. 

Although the equation in which n=5 holds very well 
under the conditions used in analysis it is not valid for 
all possible conditions. Several investigators have 
shown that when H2O:2 is added to a large excess of 
KMnQ, the amount of oxygen evolved is greater than 
that predicted by the accepted equation. Some early 
experimenters thought that this was due to the presence 
of some higher oxide of hydrogen* but that view is not 
generally held at present. 

The increased amount of oxygen could be accounted 
for by allowing n in equation (1) to equal some number 
less than 5. If n=5, one mol of H2O, will yield one mol 
of Oc, if n=3, one mol of HzO, yields one and one-third 
mols of Oz, and if n=1 , one mol of the peroxide gives 
three mols of oxygen. 





1 SremnBacn, O. F., JouRNAL or Cem. Epvc. 21, 66 (1944). 
* Hucxasa, C. E., ano F. G. Knyss, J. Am. Chem. Soc., 70, 
1640 (1948). 


3 Mettor, J. W., “A Comprehensive Treatise on Inorganic 
and Theoretical Chemistry,” Longmans, Green and Company, 
New York, Vol. I., 1922, p. 245. 
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Ramsay‘ noted also that the quantity of HO. 
needed to react with a given amount of KMnQ, was 
less than the amount calculated from the accepted 
equation in the case in which the H2O2 was added to the 
acidified KMnQ,, but he did not investigate this prob- 
lem in detail. The titration aspect has been rather 
thoroughly explored by Ritis and Gomeza.’ However, 
their work suffers from the fact that they used an in- 
sufficient amount of acid in many of their titrations, 
allowing the precipitation of oxides of manganese. 
They recognized this fact, but stated that vigorous 
stirring caused these oxides to go into solution. Our 
experience has been that it is difficult if not impossible 
to get results which check under these conditions. The 
amount of acid needed to suppress the oxides of man- 
ganese is roughly ten times as great when the KMn0Q, is 
added to the flask first as when the H2Oz is added first. 
It is possible to explain this in terms of the mass action 
effect. Adding KMn0, first will mean that KMnQ, 
will be in excess at all times during the titration until 
the equivalent point is reached. If alternate reactions 
are possible, these would be favored which require rel- 
atively more KMnQ, for a given amount of H,QOs. 
Substitution in equation (1) of a number less than five 
will give us equations of this type. Another equation 
requiring a higher KMnO,/H:20; ratio is the following: 


2KMnOQ, + 3H20, =-—> 2Mn0O2 a. 2KOH -+ 302 + 2H.0 (2) 


We may assume that adding permanganate first would 
increase the tendency toward both reaction (2) and 
reaction (1) with n < 5. Therefore it should require a 
larger amount of acid to suppress reaction (2) when the 
titration is carried out with the KMnQ, added first. 

Suggestions for Student Work. The student should 
prepare approximately 1 N solutions of KMnQ, and 
H202. These may be diluted to obtain solutions of 
lower normality, such as 0.1 N and 0.025 N. 

A. The 0.1 N KMnQ, may be used to compare the 
permanganate method with the thiosulfate method for 
determining H,O2. The sodium thiosulfate solution is 
made up and standardized against the KMnO,. Both 
solutions are then used to determine the concentration 
of a sample of H2,Os, following procedures given in 
standard textbooks.® If the work is carefully done the 
results will agree within 1 or 2 parts per thousand. The 
fact that the thiosulfate is standardized against the 
permanganate makes it unnecessary to know the 
normality of the permanganate with a high degree of 
accur:.cy to demonstrate the close agreement of these 
two methods in the determination of hydrogen per- 
oxide. 

B. The minimum amounts of acid needed to prevent 
the precipitation of the oxides of manganese may be 
determined for various concentrations. A typical pro- 
cedure is to add 50 ml. of distilled water to an Erlen- 


4 Ramsay, W., J. Chem. Soc., 79, 13824 (1901). 

5 Rrés, A., AND J. M. Gomeza, Anales Fis. y quim., 37, 442-58 
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6 TREADWELL, F. P., anp W. T. Hatt, “Analytical Chemistry,” 
John Wiley & Sons, Inc., New York, 1924, 6th ed., pp. 533-576. 
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meyer flask, then add concentrated acid from a buret or 
Mohr pipet. After the acid solution has cooled to room 
temperature 20 ml. of one reagent is added and titrated 
with the other. For purposes of uniformity, we used a 
rapid rate of titration and only moderate shaking. Our 
results are shown in Table 1. 





TABLE 1 


Minimum Amounts of Acid to Supress Oxides of 
ganese 


—l1 N Solutions——0.1 N Solutions—~—0.025 VN 
olutions 
18 N 36 N " 





36 N 18 N 36 N 


HSO, HNO; H:SO,, HNO;, 
ml. ml. ml. ml. 





HO: first 1.7 4.5 0.6 1.2 
KMnO, first 14 - 7 14 


* With up to 60 ml. of concd. HNO, oxides of manganese were 
still formed. 





It may also be of interest to note that with 0.1 V 
solutions and below, the normal titration (z. e., with 
H.02 added first) may be carried out with the use of 
acetic acid as the acidifying medium. However, when 
the KMnQ, is added first it is impossible to add enough 
acetic acid to prevent the formation of the brown 
oxides. 

C. To show the variation in the stoichiometric 
amounts of reagents titrations are carried out as above 
except that the amount of acid used should be at least 
30 per cent in excess of the minimum amount as shown 
in Table 1. The volume ratios of H.O2 to KMnQ, are 
to be determined in both ways; that is, when the 
H.0; is added first and when the KMnQ, is added first. 
These ratios will be about 5 to 11 parts per thousand 
less in the latter instance, 7. e., with the KMn0O, first. 
The differential increases somewhat with increased 
concentration of solutions. Nitric acid may be used as 
well as sulfuric for the lower concentrations of solu- 
tions but it must first be freed from reducing agents by 
titration to a slight pink with KMnQ, before being 
used in the KMn0O,-H,0, titrations. The fact that 
nitric acid gives results similar to those given with sul- 
furie acid is evidence against Ramsay’s theory that the 
abnormalities in this titration might be due to the for- 
mation of persulfuric acid. 

After the main points had already been ascertained 
by the instructor, this project was assigned to two 
students in the elementary quantitative analysis course 
for confirmation. These students had previously not 
shown much interest in the course, but the project 
served to increase their interest greatly and one of them 
put in many hours outside the regular laboratory 
period. 
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AN IMPROVED DEMONSTRATION 
EXPERIMENT ON GAS ADSORPTION’ 


Lecrvure demonstration experiments on gas adsorp- 
tion are often not entirely satisfactory. For example, 
the demonstration which depends on the replacement 
of adsorbed gas by mercury? is tedious and difficult to 
observe in a large class. 

In another experiment, adsorption is illustrated by 
passing benzene-saturated natural gas over a bed of 
activated charcoal before burning the gas;* without 
adsorption, the flame is yellow, whereas when the 
benzene is adsorbed, the flame is colorless. This result 
is not particularly impressive nor clear-cut because the 
change from a yellow to a colorless flame can also be 
effected by merely changing the air adjustment on the 
burner. 

A marked improvement has been found to lie in the 
substitution of methyl borate for the benzene in this 
latter type of demonstration. The brilliant green 
flame resulting from the presence of the volatile borate 
. ester is quite spectacular and demonstrates the presence 
or absence of adsorption in a pronounced fashion. 

A convenient arrangement of the apparatus, em- 
ploying two burners for comparison of the flames, is 
presented in Fig. 1. Probably because of the more com- 
plicated procedures usually followed in preparing boric 
esters, it is not commonly recognized that merely 
moistening boric acid crystals with anhydrous methanol 
produces sufficient ester to give an intense green colora- 
tion to an otherwise colorless flame. 

The natural gas supply is passed through or over an 
alcoholic solution of boric acid and thence to a Y con- 
nection. One fork of the Y leads directly to a labora- 
tory burner while the other fork passes the gas through 
a small bed of adsorbent and thence to a burner. On 
lighting the two burners, which have been adjusted to 
give colorless flames, the green color where no adsorp- 
tion has taken place, offers a marked contrast to the 
colorless flame. If the flames are allowed to burn for 
several minutes, the adsorbent bed may become 
saturated, and the colorless flame turns green. 

When this occurs, substitution of pure methanol for 
the boric acid solution will reverse the colors of the 





1 Presented before the Southwest Regional Meeting of the 
American Chemical Society, Houston, Texas, December 12-13, 
* 1947, 

* Artuur, P., “Lecture Demonstrations in General Chem- 
istry,” McGraw-Hill Book Company, Inc., New York, 1939, p. 
291, ‘ 

’ Hauser, E. A., anp J. E. Lynn, ‘Experiments in Colloid 
Chemistry,” McGraw-Hill Book Company, Inc., New York, 
1940, p. 61. 
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flames as the alcohol vapor strips the ester from the 
adsorbent. Natural gas alone will strip the adsorbent 
much less efficiently. A white deposit, presumably 
boric oxide, can be obtained by holding a cool surface 
at the tip of the green flame. 

Regarding the reaction in the methyl borate flask, 
some observations made by Maurice Arquet in 1936 
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may be of interest‘. He found that 68% of a quantity 
of H;BO,; dissolved in 99.5% methyl alcohol was lost 
by spontaneous evaporation overnight. Using absolute 
ethyl alcohol, 30% of the boric acid volatilized. He 
concluded that the esterification took place at room 
temperature without the addition of mineral acids. 

Arquet further noted that the trimethyl ester of 
H;BO; boiled at 56°C. Moisture of the air decomposed 
the ester. On burning the vapors, ester from 99.5% 
methyl alcohol yielded an intensely green flame. In 
the case of absolute ethanol a green flame was ob- 
tained; 96% ethanol gave a slightly green flame; 
and 90% ethanol gave a very slight green flame. Iso- 
propyl, isobutyl, and butyl alcoholic gave colorless 
flames with boric acid. Using 1 part of methanol to 9 
parts acetone, a colorless flame was obtained, but with 
2 parts methanol to 8 parts acetone a slightly colored 
flame resulted. 

In general, the results of Arquet regarding color in- 
tensity of the flame have been confirmed in our labora- 
tory. However, in reporting the boiling point of the 
ester as 56°C., he has evidently confused a minimum 
boiling azeotrope (32% methanol) with pure trimethyl 
borate (b.p. 68.7°C.).5 

Moreover, 95% ethanol denatured with acetone, 
which does not give an intense green flame, can be made 





4 Arquet, M., Bull. Soc. Chim., 3, 1422-4 (1936), through 
Chem. Abstrs., 30 (1936), 80574. 
5 Horsuey, L. H., Ind. and Eng. Chem., Anal. Ed., 19, 508 


(1947). 
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to give an intense green by the addition of a small 
amount of concentrated sulfuric acid. 

Qualitative tests with anhydrous methanol were run 
with a view to learning whether kinetic measurements 
could be made on the esterification at room temperature 
in the absence of mineral acids. The pressure in a flask 
containing methanol and boric acid cyrstals rose rapidly 
as long as the boric acid dissolved, and thereafter in- 
creased by an insignificant amount, indicating that the 
rate of solution was the controlling factor. 

Also conductance measurements were tried in a 
saturated solution of boric acid in methanol. A flask 
which was kept stoppered showed no appreciable 
change in conductance with time. However, the con- 
ductance in an open flask gradually increased. This 
may have been due to an increase in the amount of 
water produced as esterification proceeded and the 
ester escaped in the air. 

This adsorption experiment has been tried with suc- 
cess using activated charcoal, activated alumina, and 
silica gel. The length of time for saturation varies with 
the rate of gas flow, the amount and nature of adsorbent 
used, and whether or not the gas is bubbled through the 
ester solution, or merely passed over it. For example, a 
trial with 28-200 mesh silica gel (Eimer and Amend) 
forming a 4-in. bed in a 6-in. drying tube required 45 
minutes for saturation. 

Attempts to detect a change in the ultraviolet 
fluorescence of the adsorbents on saturation gave uni- 
formly negative results. 


STUDENT RESULTS IN QUANTITATIVE 
ANALYSIS 


Donne recent years insistence on perfection of 
technique and high precision and accuracy in beginning 
courses in quantitative analysis for mixed groups of 
students has been decreasing. In order to’collect infor- 
mation about the laboratory results which can be 
readily obtained by average first semester sophomores, 
records? were collected over several years from classes 
including chemistry, chemical engineering, pharmacy, 
premedical, and applied biology students who were 
furnished with fairly good equipment but were inade- 





1 Present address: Madison College, Harrisonburg, Virginia. 

2 SreeiMan, J. R., “Manpower for Research,’”’ U. S. Govern- 
ment Printing Office, Washington, 1947, Vol. IV of ‘Science and 
Public Policy,” p. 154. . 
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quately housed—which seems to be the usual condi- 
tion. 

Each student was issued just enough sample to run a 
determination in duplicate. If repetition of the work 
was required enough of a different sample was issued for 
a new determination in duplicate. This prevented the 
procedure, sometimes resorted to, of running a number 
of determinations until two out of the total number 
check within some prescribed difference. It also pro- 
moted careful and neat working habits and kept the 
student from developing the opinion that an analysis 
must be accurate just because results obtained by the 
same procedure check closely. 

In order to have the figures in the table represent 








Table | 
Student Results in Quantitative Analysis 





Sample 
Potassium acid 
phthalate 


Soda ash 
Dried blood 


Soluble chloride 


Ferrous ammonium 
sulfate 
Iron ore 


Iron ore 
Iron ore 


Copper ore 

Nickel ore 

Soluble sulfate 

Cuprie sulfate solu- 
tion 

Magnesium sulfate 

Tartar emetic 

Stibnite 

Alum 

Pyrolusite 


Calcium carbonate 


Sodium hydroxide 
solution 

Potassium thiocya- 
ganate 

Potassium perman- 
ganate 

Ceric sulfate 

Sodium thiosulfate 

Iodine solution 


Number Number 


of of 
Method students samples 
234 20 
207 18 
191 20 
222 21 
KMnQ, (reduction 64 10 
with aluminum) 
KMn(Q, (reduction 133 21 
with aluminum) 
K:Cr.O7 (reduction 
with SnClz 
Ce(SO,)2 (reduction 
with SnCl, 
Park 
Dimethylglyoxime 
BaSQ, 
Electrolytic 


Mg:P:0; 
Todometric 
Iodometric 


Al.O; 
KMnQ, (after excess 
NazC20,) 
Precipitated oxalate, 
weighed carbonate 
Standardization with hydrochloric acid 


Alkalimetric 
Acidimetric 
Kjeldahl 
Mohr 


Standardization with silver nitrate 
Standardization with arsenious oxide 
Standardization with iron wire 


Standardization with electrolytic copper 
Standardization with arsenious oxide 


mean, in parts value, in parts 


Average 
difference 
of arithmetic between 
mean from duplicate 
manufacturers determinations, 
in parts per 
thousand 


Average 
deviation 
of a single 
result from 
arithmetic 
Average value 
of samples 


per thousand per thousand 


=) 


0.1923% H 
34.69% Na:COs 
7.93% N 


+10 
+= 6 
+28 


= 5 


+15 
+10 
+36 
+ 9 
+ 8 
2217 


nN 


PP NS Oe OF OSI OOP 


4.643% Fe 
32.59% Fe 
30.49% Fe 
32.19% Fe 


11.25 g./liter Cu 


18.97% MgO 
19.15% Sb 
23.25% Sb 
5.95% Al.O; 
70.34% Mn0Oz 


28.97% CaO 





averages for all students, both satisfactory and unsatis- 
factory reports have been included in the computations. 
However, in order to exclude “huge” errors which 
might lead to unwarranted conclusions, results with 
deviations from their respective arithmetic means 
greater than four times the average deviation of a single 
result® were not included. This seems to be the most 
frequently used criterion for rejection of widely diver- 
gent values and the number of determinations on each 
sample was small enough that use of the less familiar 
Pierce-Chauvenet criterion‘ did not seem justified. 
Except for the average difference between duplicate 
determinations, results for the Mohr, Fajans, and 
Volhard methods for chloride have been combined be- 
cause aliquot portions of the same sample were used for 
each. Different samples of iron ore were used in the 
permanganate, dichromate, and ceric sulfate methods. 


’ Goopwin, H. M., “Precision of Measurements and Graphical 
Methods,” McGraw-Hill Book Company, New York, 1920, 
p. 21; Crumpuer, T. B., anp J. H. Yor, ‘Chemical Computa- 
tions ‘and Errors,” ‘John Wiley and Sons, New York, 1940, p. 185. 

* CRUMPLER, T.B. , AND J. H. Yor, ibid., pp. 189-190. 





Records for magnesium sulfate and tartar emetic in- 
cluded only the final average reported by each student 
and data were not available for determining the differ- 
ences between duplicates. 

Procedures followed in most cases were those of 


Willard and Furman.® Procedures by Rieman, Neuss, 


and Naiman® were used for the nickel ore, stibnite, and 
alum. Copper was deposited electrolytically on a copper 
gauze cathode by a procedure developed locally by 
Prof. A. C. Shead. 

Most of the samples came from firms which prepare 
and distribute this type of material. A few were pre- 
pared locally. Reagent grade chemicals used by the 
students for volumetric primary standards were checked 
against standard samples issued*by the National 
Bureau of Standards. 





5 Witiarp, H. H., anp N. H. Furman, “Elementary Quanti- 
tative Analysis,’ 3rd ed., D. Van Nostrand Company, New York, 
1940. 

6 Rreman, W., J. D. Neuss, anp B. Naran, “Quantitative 
Analysis,’’ 2nd ed., McGraw-Hill Book Company, New York, 
1942. 





SUPPLEMENTING THE CHEMICAL 
CURRICULUM WITH SAFETY EDUCATION 


As rue chemical industry has grown larger and more 
intricate, an increasing responsibility for safety has 
fallen upon chemists and engineers. | In their key posi- 
tions as executives, supervisors, and research and de- 
velopment leaders, they exert great influence all out of 
proportion to their numbers, since nontechnical person- 
nel rely upon them for leadership and guidance. The 
safe and efficient operation of chemical enterprise is 
becoming more and more imperative, because it is an 
economic as well as a humanitarian problem. Unless 
technical students are given the proper introduction 
training and perspective in safe practices, supplement- 
ing academic training, the transition from the college 
to the commercial laboratory frequently is both diffi- 
cult and dangerous. 

Realizing this trend, and specifically motivated by 
the death of a fraternity brother in a laboratory accident 
which even an elementary knowledge and application 
of safe practices would have prevented, the Alpha Chi 
Sigma professional chemical fraternity in 1941 organized 
a national safety program. During the ensuing seven 
years, the fraternity has aggressively promoted ade- 
quate education in accident prevention, fire protection, 
first-aid, toxicity of chemicals, and industrial hygiene 
through the forty-five collegiate chapters located in 
leading chemical and chemical engineering schools. 

Basically, the effort is designed to promote safety 
consciousness, so young students will develop an ade- 
quate appreciation of the serious aspects of the chemical 
profession. Youth entering the chemical profession 
should have a feeling similar to the professional re- 
sponsibility long associated with students of medicine 
or public health. Accident prevention and health 
conservation should not be imposed on the student. 
Instead, they should be sold to him because of their 
desirability and their benefits to him. No interference 
with the formal course of study occurs. Instead, the 
faculty of most colleges are anxious to cooperate in in- 
tegrating safety as a part of the regular course. A few 
specific projects carried out by some of the chapters will 
illustrate what has been done: 

(1) Complete surveys of laboratories, with recom- 
mendatidhs for correction of unsafe conditions 
submitted in a formal report to those in 
authority and followed up until corrected. 
The check-list in (J. Comm. Epuc., 24, 296 
( 1947)) is suggested for this purpose. 

(2) Clean-up drives to discard contents of all in- 
adequately identified containers. 


H. H. ® © WCETT 
Generai Electric Co., Schenectady, New York 


Publicity of the often fatal consequences of ex- 
periments with explosive compounds by un- 
qualified persons and youngsters This has 
been illustrated by a previous article (J. Cuem. 
Epuc., 24, 457 (1947)). 

Demonstrations and practice in the use of fire- 
extinguishers, gas masks, emergency showers, 
fire blankets, and artificial respiration. These 
topics usually are overlooked in most courses. 
(5) “Safety Night,” in which an off-the-campus 

speaker discusses safe practices in chemical 
and engineering laboratories, frequently illus- 
trated with movies. 

Publication of accident abstracts in the frater- 
nity magazine with the lesson to be learned to 
prevent repetitions of similar accidents and 
to encourage safety consciousness. Incrimi- 
nating identifications such as names, places, 
or time are noi mentioned. 

Publication of appropriate articles in the fra- 
ternity magazine, and the newsletter of its 
safety committee, in the JouRNAL oF CHEMI- 
cAL Epucation, and the National Safety 
Council Chemical Section newsletter. 

Reéditing of textbooks and laboratory manuals 
to include information on the accident and 
health hazards from the use of chemicals or 
chemical apparatuses. An example is the 
widespread lack of proper respect for hy- 
drogen sulfide (J. CHem. Epvuc., 25, 511 
(1948)). 

Realizing the value of visual aids to a well-organized 
program and feeling that existing aids were inadequate, 
last spring a contest was conducted for ideas to be used 
in safety posters. Four of these posters have been 
printed, and others are in preparation. They are avail- 
able to all who care to use them for posting on bulletin 
boards and as lecture supplements. 

Another project undertaken as a professional service 
by one of our chapters in cooperation with the com- 
mittee is preparation of an 8-mm. motion picture on the 
hazards of laboratory glassware. It is available for 
loan to any qualified organization or group. 

The National Safety Committee of Alpha Chi Sigma 
extends to all chemists and engineers and interested 
organizations an invitation to help in developing and 
distributing material which will assist in the prevention 
of accidents and the conservation of health among 
chemists and engineers everywhere. Comments and 
suggestions will be welcomed. 


(3) 


(4) 
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GRADUATE APPOINTMENTS IN CHEMISTRY 
AND CHEMICAL ENGINEERING 





3 4 


University of Arkansas 700-900 9 
Fayetteville, Arkansas 300-1200 9-12 


Bryn Mawr College 650 
Bryn Mawr, Pennsyl- 700 
vania 1250 
2000 © 
, *Depending on qualifica- 
tions 








1250 





Carnegie Institute of 


Technology, Pitts- 
burgh, Pennsylvania *850 on reappointment, 
Ex GI’s 


*1100 on reappointment, 
Ex GI’s 


*380 on reappointment, 
Ex GI’s 

*760 on reappointment, 
Ex GI’s 

*1140 on reappointment, 
Ex GI’s 

After 1st yr. 


*Full time; salary vari- 
; able 
125-180 m 12 Half-time 


100-150 m 12 es Third-time 
125 in chem., 10 in. 


chem. eng. 
2 18 in chem., 7 in chem. 
eng. 





The Catholic University 
of America, 
Washington, D.C. 


University of Chicago, 
Chicago, Illinois 


—T Sept. HDC 
& 6“ “ 


So 





<P Suly—Oct, -HDE— Mar, 1 
oi R, org. chem. 
” R, nuclear chem. 
‘f Not for Ist yr. 
. PD, R, org. chem. 
Ls PD, R, nuclear chem. 


— 
NOnNWoS 





o ooo 


nan : c ‘ * Director, Applied Sci- 
Cincinnati, Ohio ence Res. Lab. 


University of Cincinnati, ?F 





KEY TO THE TABLE 


Unless otherwise stated the positions listed in the table are 5. Maximum hours per week of teaching or other service re- 
available only to those who can qualify for admission to the gradu- quired. Fractions indicate “proportion of time” ex- 
ate school of the particular institution. pected for such service. 

Omissions in the table occur when the information is lacking; . Status of tuition, etc. T and F indicate that tuition and 
question marks indicate ambiguity or uncertainty. fees are remitted. —T (or —F) indicates that tuition 

It should be realized that some institutions have not an- (or fees) must be paid out of the stipend. S indicates 
nounced all their fellowships, some of which may be available that additiorfal amounts are provided for supplies. 
only to their own students. . Date when appointment takes effect (generally with the 

The columns in the table are used as follows: beginning of the next academic year). 

1. Name and address of the institution. . Address for additional information or for making applica- 

2. Number and designation of positions. S = scholarship; tion. HDC = head of chemistry department; DGS = 

A = assistantship; F = fellowship; T = teaching; dean of graduate school. A date indicates the closing 
R = research; G = general, open to students in other of applications. 
fields than chemistry or chemical engineering. . Supplemental remarks. Special qualifications and limita- 

3. Stipend, in dollars per year, unless otherwise stated (m = tions are given here. R indicates that the field of the 

per month; s = per semester; h = per hour). appointment (or of the research to be carried out) is 

4. Length of appointment or service in months. If not restricted, and the limitation may be indicated. M = 

stated, the “academic year’ (9 months) is assumed. limited to men; W = limited to women, D = for 
8 = semester. Ph.D. candidates only; PD = ‘postdoctoral. 
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Haverford College 
Haverford, Pennsyl- 
vania 
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University of Illinois, 
Urbana, Illinois 


10GS 500 

40GF 750-900 
115A & TA 600 or 1200 

30F 1200-1500 





Illinois Institute of 
Technology, Chicago, 
Illinois 


Q4TA 1314* 


876* 
12RA si 
1RA ? 





University of Idaho, 
Moscow, Idaho 


6TA 900 





Iowa State College, 
Ames, Iowa 


University of Kansas, 
Lawrence, Kansas 


Louisiana State Univer- 
sity, Baton Rouge, 
La. 


Northeastern University 
Boston, Massachusetts 

Oberlin College, 

Oberlin, Ohio 


9TF 540-720 

12TA 900-1125 
5RA 1500-2400 
2F 3000-3600 





25A 90-100 m 
15A 75m 
°F 
?F 


aa 


111A 
9TA 
3TA 
6TA 


100 m 
133 m 
300 m 


“1300 








Sept. 





DGS—Feb. 15 


HDC—Mar. 1 
if3 it 


2nd and 3rd yr. 
Some R 





12 


1 
Full time 


HDC 


“ 
“cc 


* With possible increases 
** Some openings in Feb. 





g* 
“cc 


12 


“ 


9 
“ce 


9 
12 


ae 


““ 


10 


Full time 


HDC—June 





HDC 


* Additional stipends 
available as RF or RA 
for summer months 





* Depending on qualifi- 
cations for G. I.’s 














Oregon State College, 
Corvalis, Oregon 


Pennsylvania State Col- 
lege, State College, 
Pennsylvania 

Princeton University, 

Princeton, New Jersey 


Rutgers University, 
New Brunswick, New 
Jersey 





1F 
1F 1200-1800 





11 


yore 
coocoecoow 


HDC—Mar. 1 
i Apr. 1 


** Can be extended 


R, Analytical 
R, Analytical 








Smith College, 
Northampton, Massa- 
chusetts 


TF 800* 
F * 


9 


08 | onne& 


* 900 2nd yr. 
* Tuition, board and 
room 








Tulane University, 
New Orleans, 
Louisiana 

Virginia Polytechnic 

Institute, Blacksburg, 

Virginia 


2GS—=s-250 
17A 900-1000 
6RF 1200-1500 


9 
9 
12 





50GTF & 880 
GRF 


12 





FEB 


Wasi 


St. 


Weel 
Mi 
ne 


time 
the ; 
this 
is th: 
plica 
inex} 
come 
whie 
and ¢ 

Co 
The 
chall 
place 
The 
made 
of tk 
copp 
The 
a pie 
alum 
paint 
assen 
3/,-in 
the | 
throt 
of the 
wire } 

Te 
charg 
sealiz 
wool 
swing 
chars 


1 Py 
114th 
D.C., 


FEBRUARY, 1949 


1 2 3 
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Washington University 2s 
St. Louis 5, Missouri 20TA 
4 


F 
10GF 


0 
1250-1500 
1200-1800 
1100-1400 


HDC 
“cc 


“ce 


After Ist yr. 
“ 


“ “cc 








6TF 
6RF 


500 s 


Wesleyan University, 
1200 


Middletown, Con- 
necticut 


HDC 


R 





A GENERAL CHEMISTRY EXPERIMENT IN 


RADIOACTIVITY’ 


A consweration of radioactivity has been included 
in general chemistry courses for many years. The 
methods that have been used to detect and distinguish 
the kinds of radioactivity are usually described. Some- 
times some of these methods are demonstrated. But 
the student does not have first hand experience with 
-this subject which is so fascinating to him. The reason 
is that much of the apparatus for such work is too com- 
plicated and expensive to be placed in the hands of 
inexperienced students. This difficulty can be over- 
come by the experiments which are described below 
which can be performed with home-made apparatus 
and easily obtainable materials. 

Construction of Chalk Box Electroscope (see Figure 1). 
The case for the leaf electroscope is an ordinary wood 
chalk box placed on end. The sliding wood lid is re- 
placed by a piece of window glass which forms the door. 
The sample holder is a shallow tray with 2-mm. sides 
made from sheet aluminum. It is placed in the bottom 
of the electroscope. The conducting rod is a heavy 
copper wire which can be topped with a metal ball. 
The bottom of the copper wire is flattened, drilled, and 
a piece of sheet aluminum 1 cm. X 4.5 cm., a leaf of 
aluminum foil (which can be obtained from a sign 
painter) and a cardboard scale are bolted to it. This 
assembled unit is mounted in the case by drilling a 
*/-in. hole in the center of the top of the case, filling 
the hole with molten sulfur, and then drilling a hole 
through the solidified sulfur as near as possible the size 
of the copper wire. If the hole is too large for the copper 
wire it can be sealed with more molten sulfur. 

Tests for Alpha Particles. (1) The electroscope is 
charged by touching the metal ball with a stick of 
sealing wax which has been charged by rubbing on 
woolen cloth. If the weather is not too humid, the leaf 
swings up on the scale, gradually falling back as the 
charge leaks off. The time required for the electro- 





Presented before the Division of Chemical Education at the 
114th meeting of the American Chemical Society in Washington, 
D.C., August 31, 1948. 
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scope leaf to pass from one point to another on the 
scale is taken with a watch. In later determinations 
the same reference points are always taken. This 
natural rate of fall is subtracted from the observed rate 
in each subsequent determination. 

The radioactive substance to be tested (pitchblende, 
carnotite, radium barium chloride, uranium or thorium 
salts) is introduced on the sample holder and spread 
out flush with the sides of the-tray and the rate of fall 
of the leaf determined again. 


Figure 1. Electroscope 
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It can be shown that it is the surface area of the 
radioactive material rather than the mass that emits 
the greater amount of alpha particles. Sprinkle about 
0.5 g. of black uranium oxide on a 16-cm. square of 
cardboard and time the leaf fall. Then fill a paper box 
1 cm. square by 5 cm. deep with about 2 gr. of the same 
uranium oxide, and time the fall. The smaller mass 
but the larger area will discharge the electroscope 
faster than the larger mass, because alpha particles 
from near the bottom of the pile cannot penetrate the 
upper layers. , 

(2) A home-made radioscope may be used to test 
for alpha particles. To prepare the fluorescent screen a 
thin pool of a weak solution of gum arabic is poured on 
a glass plate. Stretch cheesecloth over the neck of a 
zinc sulfide bottle, gently tap the powder onto the gum 
arabic and let dry. 

Half fill a wide-mouthed 4-oz. bottle with water and 
add some radioactive substance. Shake thoroughly, 
then uncork it and lay the screen over the top of the 
bottle with the sulfide down. Flashes can be seen with 
a magnifying glass if the eyes have been adjusted by 
remaining in the dark for 10 to 15 minutes. 

(3) Taylor? describes the construction of a simple 
fog-track apparatus. His design can be simplified by 
putting a very small pinch of pitchblende on the bottom 
of the flask and covering it with a thin layer of house- 
hold waterproof cement (Figure 2). 

Tests for Beta Particles. (1) If a specimen is placed 
in the electroscope and covered with a thin sheet of 
aluminum foil the alpha particles will be stopped by the 
thin metal but most of the beta particles will pass 
through. Therefore it will take considerably longer for 
the electroscope leaf to pass between the two points 
than if alpha particles were not stopped, but the time 
will be shorter than if no specimen at all is present. 





* Taytor, A. E., J. Cuem. Epuc., 11, 576 (1934). ° 
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Figure 2. Homemade Fog-Track Apparatus 
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(2) Becquerel’s classic photographic test can easily 
be repeated. In a darkroom a piece of photographic 
paper is sealed in a light-proof envelope. On top of 
this is laid a flat piece of metal (key, coin, etc.) which ig 
covered with powdered carnotite, pitchblende or uran- 
ium nitrate crystals. When the paper is developed at 
the next period (at least 3 days later) there is a perfect 
shadow-graph of the piece of metal. 

It can be shown that beta particles, and to a lesser 
extent gamma rays, are the ones that darken the photo- 
graphic paper. Flow gum arabic over a glass ‘plate and 
sprinkle it with black uranium oxide. When it is dry 
cover half of it with a sheet of aluminum and place a 
piece of photographic paper in a light-proof envelope 
on top. At the next period develop the paper. The 
paper will be but slightly darker where the alpha par- 
ticles have bombarded the paper than where they have 
been cut off by the aluminum. 

The greater penetration of the beta particles and 
gamma, rays can be shown by placing a piece of photo- 
graphic paper in a light-proof envelope over two piles of 
carnotite, one about 3 mm. high and the other 2.5 cm. 
high. When the paper is developed at the next period 


the smaller pile will be shown to have made only a faint 


image while the larger pile has produced a dense black 
area. This is because the beta particles and gamma 
rays can penetrate the upper layers. 


Separation and Detection of Uranium and Thorium- 


234 (Uranium X,). Since uranium emits alpha par- 
ticles and thorium-234 emits beta particles, and the 
half-life period for uranium is 4.5 X 10° years and for 
thorium-234 is 24.5 days, the following interesting ex- 
periment can be performed with uranium nitrate. 

First test the uranium nitrate at the start in the 
electroscope for alpha particles and for beta particles, 
recording the time of fall of the leaf in each case. Also 
place some of the crystals on top of a piece of photo- 
graphic paper in a light-proof envelope for a day, de- 
velop the paper and put it aside. 

The thorium-234 in the nitrate can now be precipi- 
tated and filtered out attached to ferric hydroxide. 
Dissolve 20 grams of the uranium nitrate in 60 ml. of 
water, add one or two drops of a ferric salt solution, and 
slowly pour into this solution a 0.5 N solution of am- 
monium carbonate until a yellow precipitate of the 
uranium salt forms and just dissolves. There will be 
left some trace of an orange-brown precipitate which 
contains the thorium-234 which should be filtered off. 
The precipitate is heated gently until it no longer gives 
off a smell of ammonia and then dried. The uranium 
nitrate is obtained by evaporation of the filtrate. 

Test both samples in the electroscope without delay. 
The thorium-234 emits no alpha particles and the uran- 
ium little or no beta. Next try the two samples on the 
photographic paper, exposing it for a day. The pure 
uranium will darken it but slightly. 

Finally, 24 days later, test them again for a day on 
another piece of paper. Both samples now show beta 
particles because the uranium has disintegrated to form 
more thorium-234. 
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To the Editor: 

The group whose names appear below believe that a 
generally recognized term is needed, particularly in the 
teaching of general chemistry, for the quantity of 
matter which is one gram divided by Avogadro’s num- 
ber. Many names have been proposed for atomic 
mass units (atun, atwu, dalton, hep, microcrith, pel, 
pip, plunket, xyzt). Some of these are used at pres- 
ent in a limited manner, but none has become gener- 
ally popular. 

Since the quantity everyone has in mind is one gram 
divided by Avogadro’s number, the undersigned urge 
the adoption of the term AVOGRAM, because this 
hints at the relationship and is easily pronounced in 
classroom discussions. The student can also be given 
the derivation of the term from the words Avogadro, 
oxygen, and gram, and the reasons for the importance 


of these. 

The adoption of this term will in no way limit or hin- 
der those who like to use relative atomic weights in the 
teaching of general chemistry. However, many of us 
believe that the average chemistry student learns more 
clearly when he has a unit of atomic and molecular 
mass to use, particularly when he is attempting to think 
about the mass of single atoms or molecules. We be- 
lieve that a sodium atom with a mass of 23 avograms 
perhaps means more to these students than a sodium 
atom with a relative atomic weight of 23. For those 
who like to use a named atomic unit of mass in teach- 
ing atomic and molecular weights the undersigned urge 
the general adoption of the term AVOGRAM. 


. M. Bateman, Arizona State College 
. 8. Booth, Western Reserve University 
W. Boutwell, Beloit College 
. T. Briscoe, Indiana University 
- R. Damerell, Western Reserve University 
R. Dawson, University of Kentucky 
. L, Elder, Syracuse University 
. E. Everson, University of Cincinnati 
. L. Grove, St. Cloud Teacher’s College 
. 8. Hemenway, Simmons College 
. L. Hunter, Clemson College 
. E. Jackson, University of Alabama 
R. Keizer, Central College 

Ge Kessel, Indiana State Teacher’s College 
. Meinhold, Rhode Island College of Education 
. C. Oelke, Grinnel College 
. V. Quagliano, University of Notre Dame 
. L. Randall, Albion College 

; , University of Oklahoma 
I. Rush, Centre College 

. Schoch, University of Texas 
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J. A. Schufle, New Mexico School of Mines 

H. A. Smith, Milton (Mass.) High School 

M. C. Sneed, University of Minnesota 

B. D. Van Evera, George Washington University 
E. C. Weaver, Phillips Academy 


To the Editor: 

May we express our appreciation for your editorial 
in the October number of the JouRNAL OF CHEMICAL 
Epucation. We agree that the theory of acids and 
bases should not be extended to include oxidizing and 
reducing agents, and we should like to add the following 
comment to your editorial. 

The theory can be broadened to include electron- 
pair donors and acceptors without departing from the 
typical experimental behavior of acids and bases. But 
oxidizing and reducing agents cannot be included with- 
out abandoning the attempt to make the theory fit the 
facts. Lewis stated this and we have emphasized it in 
our book. 

Although it is true that certain substances which we 
think of as primarily acids can sometimes behave as 
oxidizing agents, and vice versa, yet the experimental 
criteria for recognizing the difference between the two 
kinds of reactions are entirely different. Furthermore 
the theoretical explanation is clear cut. Acid-base 
reactions involve the sharing of electron-pairs. Oxida- 
tion-reduction reactions involve the outright transfer 
of individual electrons. 

Relative to your question regarding the size of the 
‘‘nile,’’ we believe that the answer is determined by the 
criteria of chemical behavior. A thoughtful survey of 
chemical reactions indicates three large and distinct 
piles based on electronic interpretations of their reaction 
mechanisms. In addition to the two piles already men- 
tioned, acid-base and oxidation-reduction, there is the 
pile of odd-electron molecule (free radical) reactions 
where a covalent bond results from the interaction of 
two molecules each having an odd (unpaired) electron, 
or the reverse case where such molecules are produced 
through the splitting of a normal covalent bond. 


W. F. Luper 
SAVERIO ZUFFANTI 
’ 


NORTHEASTERN UNIVERSITY 
Boston, MAssacHUsETTs 


To the Editor: 

Writer Standen’s explanation of “Three Ways of 
Teaching Chemistry” seems to require a brief correction 
since, in quoting my 1945 paper, he completely over- 
looked or ignored the cardinal point in that paper and 
all of its sequels—concerning intellectual honesty about 
atomic theory. 

It does not seem to matter much whether a science 
course is taught “inside-to-outside,”’ ‘“outside-to-in- 
side,’ upside-down, or sideways: if we are not teaching 
the known truths, the whole effort—in plain American 
appraisal—is ‘‘cockeyed.” 

It is not the poor teaching psychology that I fear, 

(Continued on page 117) 
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SOME INTERESTING FACTS ABOUT PAPER: 


Jusr prior to the last war an article entitled ‘The 
Gray Terror’ appeared in a Canadian periodical (4) in 
which the author realistically pictures the effect of a 
gas which has the property of reducing cellulose to a 
gray powder. The reservoir containing this gas, 
which was destined in his story for use in warfare, had 
mysteriously exploded and, although its ill effects on 
human tissues had already been neutralized, it still 
possessed the property of converting cellulose to 
powder, similar to the action of strong acids. Imagine, 
if you will, the ramifications of such a disaster. Let 
me recount, briefly the observations of one man in 
“The Gray Terror.” 

First, the cigarette which our observer was smoking 
fell to the floor because the paper wrapper disinte- 
grated; next, the newspaper which he was reading 
slowly darkened and crumbled suddenly to a gray 
powder on his lap. He suddenly remembered the roll 
of paper money in his pocket and observed the edge of 
the outer bill was already gray. To protect the roll he 
quickly placed the bills between.the soles of his shoes 
and the rubbers he was wearing. Passing through a 
railroad station he noticed the jumbled piles of food, 
clothing, and other materials which had been wrapped 
in paper, now reduced to gray dust. He suddenly 
thought of his office records and the formulas used in his 
business. Frantically he sought to telephone his office 
but the gray terror had already taken care of the paper 
insulation and short-circuited the wires. The entire 
machinery of commerce—paper money,, paper secur- 
ities, documents, ledgers, the Post Office, the Stock 
Exchange—was in the process of being silently de- 
stroyed. In the local grocery store there was an ava- 
lanche of curious mixtures of foods, formerly housed in 
attractive paper containers. Without paper, trade had 
stopped; industry was rapidly coming to a standstill. 
The printed word was disappearing in homes, in schools, 
libraries, and in business. Civilization had received a 
setback of centuries. 





1Presented before the Tenth Summer Conference of the 
N.E.A.C.T., University of Maine, August 27, 1948. 


JOHN L. PARSONS 
Hollingsworth & Whitney Company, 
Waterville, Maine 


This imaginative picture is drawn to emphasize the 
importance of paper in our everyday life, in our homes, 
and in our business. Because of its abundance, paper 
is frequently given the same consideration as the air we 
breathe or the water we drink. .We seldom stop to 
think of the vital role it plays in our lives. It has been 
likened to the blood in our bodies, carrying life and 
energy to every member, making possible cooperation 
and coordination in this 20th Century world. In 
effect, ‘“Paper is the lifeblood of civilization” (6), 

According to Breasted (2) the greatest fact in all 
history is the fact that man possessed the capacity to 
rise from bestial savagery to civilization but this 
achieved supremacy has been a very gradual process 
now traceable by modern science for over a half a 
million years. The invention of writing and a system of 
records has had greater influence in uplifting the human 
race than any other intellectual achievement in man’s 
history. It is more important than all the battles ever 
fought and all the constitutions ever devised. Man’s 
progress may be divided into three stages, each of which 
extends over many years: speaking, drawing, and 
printing. The first stage was mastered by primitive 
man. For thousands of years means of communicating 
thoughts was by the human voice. In the second 


stage, a method of transferring ideas from individual to’ 


individual was by means of drawings, supplementing 
the human voice. By this development man’s .intel- 
lectual powers were elevated enormously. It was a 
stepping stone in the advance of civilization. 

The invention of paper in the second century A.D., 
followed by printing in the eighth century paved the 
way for the religious reformation and made possible the 
education of man. If you agree that man has now 
reached a high state of civilization, this evolution has 
been claimed to be more directly due to the inventions 
of paper and printing than to all other factors. 

Before we proceed further, let us agree on a definition 
of ‘“paper.’”’ Noah Webster defines it as “a substance 
made in the form of thin sheets or leaves from rags, 
straw, bark, wood, or other fibrous material, for various 
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uses.” ‘The Dictionary of Paper” (1) classifies paper 
as “a matted or felted sheet of vegetable fiber formed 
on a screen from a water suspension.” In the book on 
“Papermaking,” by Dard Hunter, an eminent authority 
on the history of papermaking, the following more com- 
plete statement is made, ‘To be classified as true paper 
the thin sheets must be made from fiber that has been 
macerated until each individual element is a separate 
unit, the fibers intermixed with water, and by the use 
of a sieve-like screen, the fibers lifted from the water 


in the form of a thin stratum, the water draining. 


through the small openings of the screen, leaving a 
sheet of matted fiber upon the screen’s surface. This 
thin layer of intertwined fiber is paper” (7). Although 
paper derives its name from “papyrus,’’ used by the 
Egyptians over four thousand years ago for records, 
this material is a laminated substance. made from 
. papyrus reed and is not true paper. Other materials 
employed by early peoples for records were bronze, 
bone, bamboo, silk, and parchment made from the 
skins of animals. 

The most important date in the early history of 
paper was 105 a.p. Tradition ascribes the invention 
of paper on that date to Ts’ai Lun, a Chinese court 
official who became privy counselor to the emperor 
Ho Ti. His paper was made from the macerated 
fibers of bark, cloth, and hemp. This method of 
papermaking is basically the same employed by the 
huge machines of today capable of producing over 1500 
feet of paper a minute. Thus the principle of forming 


paper has not greatly changed in nearly two thousand 
years. 

About one thousand years elapsed before the inven- 
tion of paper reached. Spain and the European con- 


tinent. Indeed, the westward journey began following 
the battle of Samarkand in 751. At this time Chinese 
prisoners of war revealed the secret of papermaking to 
their captors. Although Europe was slow in accepting 
paper as a substitute for their parchment, the invention 
and development of printing with movable type by 
Gutenberg around 1450 resulted in the use of paper on 
a comparatively large scale. Carter (3) has remarked 
that of all the world’s inventors these two, the inventor 
of paper and the originator of European typography, 
stand out preeminent among those who have advanced 
the cause of literature and education in the world. 

Papermaking came to America in 1690 at which time 
the Rittenhouse mill was built near Germantown, 
Pennsylvania. 


On the other half there was a clover 
leaf surmounted by a crown. Underneath the shield 
was the word “Pensilvania.”” This watermark was 
adapted from the arms of France, the crown and shield 
with three fleur-de-lis. Watermarks in paper made 
their appearance in the thirteenth century and serve 
to identify the time and place of the manufacture of the 
sheets so marked. They are marks impressed on the 
wet sheet by means of a design in relief on a form made 
of metal or other suitable material. Early water- 


sheet of paper. 


An early watermark employed by , 
Rittenhouse was the monogram WR on one half of the’ 
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marks were emblematic of guilds and brotherhoods; 
they sometimes indicated the brand of paper, the 
location of the mill, the size of the sheet, and the quality 
of the paper. Now watermarks serve as trademarks of 
the various paper mills. 

True paper, as we know it, is composed for the most 
part of vegetable fibers which, chemically speaking, are 
chiefly cellulose and other polymerized carbohydrates. 
Early paper was made almost entirely from rags, and 
the shortage of fibrous materials became increasingly 
acute with the rise in demand for paper. Early in the 
eighteenth century the Frenchman Réaumur observed * 
that American wasps form a very fine, white paper from 
wood. He added that the wasps show how paper can 
be made from plant fibers without the use of rags and 
linen. These researches stimulated Christian Schaffer 
in Germany, during the later part of the same century, 
to investigate new papermaking fibers. His treatise in 
six volumes is a classic on the subject. A great variety 
of paper samples, including paper from wasps’ nests, 
was included in his books. Around 1800 Matthias 
Koops, an Englishman, built a paper mill in which paper 
was made for the first time from materials other than 
linen and rags. In the appendix of Koops’ book are 
found these words: ‘The following lines are printed 
upon Paper made from Wood alone, the produce of this 
country, without any intermixture of rags, waste paper, 
bark, straw, or any other vegetable substance, from 
which Paper might be, or has hitherto been manu- 
factured; and of this the most ample testimony can be 
given, if necessary.” 

An incident of some interest to papermaking in 
Maine was the exploit of I. Augustus Stanwood who 
used Egyptian mummies for the purpose of making 
paper out of their linen shrouds. The woven wrap- 
pings together with the papyrus filling were manu- 
factured into a coarse brown wrapping paper which was 
used by grocers, butchers and other storekeepers. It 
is claimed that only competition encountered by Stan- 
wood in purchasing the mummies was the Egyptian 
railroad which used mummies for fuel, the supply of 
which was considered inexhaustible. Mummy wrap- 
pings were also used for the manufacture of paper in 
New York state. ; : 

During the industrial revolution of the last century 
paper became much more abundant owing to the dis- 
covery of methods whereby the fibers in wood could be 
isolated and purified by chemical means. By 1874 the 
United States possessed more paper mills than any other 
country in the world. The paper age began, and songs 
were written about “the paper world.” Paper was 
converted into articles for almost every conceivable 
purpose: clothes, coffins, car wheels, domes for build- 
ings, table tops, buttons, hats, carpets, ete. In 
Boston alone, 75 million paper collars were manufac- 
tured in one year. With these technical developments 
of the nineteenth century we associate such names as 
Fourdrinier in the case of the paper machine, Tilghman, 
Ekman, and Fry for the invention and development of 
the sulfite pulping process, Keller for the groundwood 
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process, and Dahl for the method of sulfate pulping. 

Groundwood or mechanical wood pulp is the chief 
component of newsprint, inexpensive magazines, etc. 
It is common knowledge that such papers become yellow 
and brittle with age. More permanent papers consist 
for the most part of chemical pulps, free of lignin and 
other degrading substances, carefully processed to 
paper. By means of the sulfite, soda, or sulfate proc- 
ess the fibers in wood are isolated and partially puri- 
fied. The purification is then continued in the 
bleaching process, yielding a product high in resistant 
(alpha) cellulose and free from undesirable constituents. 
It is possible to carry this purification to a degree ap- 
proximating cotton cellulose. 

Although the essential nature of paper has remained 
the same for 18 centuries the techniques of paper making 
have been undergoing a revolution. With the advent 
of power-driven machinery, stainless steels, and other 
alloys, as well as an ample supply of raw material, 
modern technology has made possible the rapid pro- 
duction of paper in continuous webs. Paper has been 
made more abundant not only for cultural usage but 
especially for utility purposes. Wood and the appli- 
cation of modern science has made this possible. A 
giant industry has grown during the past 100 years, 
increasing from 6800 employees in 1848 to nearly 
170,000 at the present time. 

In the 60 year period between 1879 and 1939 the popu- 
lation of the Unites States increased 2.7 times but the 


consumption of paper multiplied 35 times. The most 
spectacular gain has been in paper and paperboard for 


noncultural or utility use. More than 80 per cent of the 
paper made in this country at the present time is for 
utility use—a fact not generally appreciated. The use 
of paper bags and paper board cartons, supplanting 
wood, has greatly aided in the convenience and wide- 
ness of distribution of manufactured and agricultural 
products. Paper has also‘replaced wood, glass, and 
metal in other fields. Chemical wood pulp fibers are 
raw material for the rayon, film, explosive, lacquer, and 
plastic industries. These industries, however, account 
for only a few per cent of the total wood pulp consumed 
in the United States. 

No fabricated product is used more extensively than 
paper. In 1947 it has been estimated that the per 
capita consumption of paper and paperboard in this 
country was 350 pounds. For comparison, the per 
capita consumption of other cellulosic materials has 
been reported as 34.5 pounds for cotton and 6.2 pounds 
for rayon. The consumption of paper and paperboard 
in 1946 was over 22 millions of tons in this country. 

Paper seems to be closely tied to the social and indus- 
trial progress of nations. Prewar figures indicate that, 
not including the United States, there were only nine 
countries in the world in which the per capita consump- 
tion of paper exceeded 100 pounds. It is difficult to 
realize that for thousands of years true paper did not 
exist. Yet how long would our present civilization 
endure” with the total lack of paper? The signifi- 
cance of this statement is no doubt appreciated by the 


‘of war. 
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inhabitants of the devastated countries of Europe. 

Nearly all paper is now made of fibers isolated, either 
mechanically or chemically, from wood, although the 
annual pulpwood consumption is only about 10 per 
cent of the saw timber drain in the United States, 
Most materials made from wood are within the reach of 
a great majority of American families, and paper is no 
exception. The papers of the cultural group seem to be 
approaching their peak in rate of consumption; the 
rate of use of utility papers is increasing, however. 


-During the recent war some 2800 items made of paper 


were used by the War and Navy departments. Paper 
is an indispensable ally to the soldier. It has been re- 
ported that 100 tons of paper are needed for plans and 
other uses in the construction of a battleship of the 
“Massachusetts” class. 

Paper is widely applicable as a functional, mechani- 
cal, or service item. It is a revelation to many people 
that papers have been developed to hold petroleum 
products and even 100-octane gasoline; that paper 
products can be made stronger than metals; that 
paper can be shaped or formed into almost any struc- 
ture or design; that paper can be made impervious to 
gases; that paper can be manufactured so that it will . 
have high wet strength; that paper finds many appli- 
cations in the building, mechanical, automotive, and 
electrical fields; that paper can be fabricated to resist 
fire, mildew, and treated for many other purposes; that 
paper is an exceedingly versatile material and is con- 
tinually finding new uses. 

In the packaging field the multi-wall paper bag has 
been developed to the point that it is resistant to cli- 
matic changes, exposure to insects, rain, salt water, ice, 
heat, and humidity. This type of bag is designed to 
deliver foodstuffs, chemicals, and other items of com- 
merce to any spot on earth. Perhaps no use of paper 
has done so much to raise our standards of clean, safe, 
low-cost living as its constantly increasing use in the 
protection of our foods. Paper tells the contents of 
cans and bottles, and these come to our homes in 
paper cartons. . 

During the war several papers (9) were created for 
specific purposes. Among such papers were ration 
paper, some of which contained fluorescent cellulose 
fibers, which were visible only in ultraviolet light; in 
other ration paper were incorporated a small percent- 
age of ferric chloride-treated fibers, which remained 
colorless until treated with a ferrocyanide and an acid. 
Another paper was designed for letter use by prisoners 
It was made color sensitive to all invisible 
inks of either the acid or alkaline type. Later we de- 
veloped a paper which was sensitive to “dry’’ inks em- 
ployed by German intelligence. Following the passage 
of the Soldier Ballot Bill it became necessary to develop 
a form which would be readily identified. Furthermore 
the ballot must be able to resist the action of sea water, 
heat and high humidity. A fluorescent design, printed 
on both sides of the ballot, comprised the safety feature. 
V-Mail service required a paper suitable for photo- 
graphic reduction on miniature film. This paper was 
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made with the specified brightness and opacity to pro- 
duce good contrast and not permit undesirable ‘show 
through.” Proper sizing was necessary in order that 
characters written with ink would be clear and not 
blurred. A further paper was coated with fluorescent 
materials on which maps were printed. Such maps 
became visible in fluorescent light. 

Mention has been made of the versatile character of 
paper and of its many uses, but what about the physical 
units which comprise paper. Let us look into the com- 
ponents of a sheet 81/. X 11 inches in size, 0.046 inch in 
thickness, and weighing 24 pounds to a ream of 500 
sheets, 17 X 22 inches in size. Such a sheet is typical 
of a bond letter paper used in thousands of homes and 
businesses throughout this country. There are about 
39 million softwood pulp fibers in a single sheet, with a 
weighted average length of 2.32 mm. and an average 
width of 0.031 mm. (6). If these fibers were placed 
end to end they would extend the almost incredible dis- 
tance of 26 miles. Thus the fibers placed end to end in 
a 24-pound ream of 500 sheets of business size letter- 
heads would cover the distance of 13,000 miles. The 
solid content of this sheet of bond paper comprises 
about 93 per cent fibers, and the remaining 7 per cent 
is divided among the rosin and starch contents for sizing 
purposes and a small amount of inorganic filler. Its 
volumetric composition is about 65 per cent solids and 
35 per cent air. Thus our sheet of paper is composed 
gravimetrically of about 93 per cent of chemical pulp 
fibers, and volumetrically of about 65 per cent of pulp 
fibers, the relations varying with the type of paper. 

Mention should be briefly made here of the role the 
University of Maine has played in the education of 
technologists for the pulp and paper industry. This 
University was the pioneer on this continent in giving 
courses of instruction in this field, beginning back in 
1913. Many of its graduates are now occupying im- 
portant positions in Canada and the United States. 
It would be indeed difficult to measure the contribution 
this educational institution has made to the develop- 
ment of the paper industry in America. 

Thus, paper made from millions and”billions of tiny 
fibers from the forest is the springboard to modern civi- 
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lization, “the pacemaker of progress” (8). Man uses 
it more than any other one commodity except fresh 
water. From start to finish, paper is an integral part 
of our lives. All our records, all our recorded histories, 
all our recorded religions, all our evidence and proof of 
ownership of property and possessions, proof of birth, 
citizenship, and death, our bonds and mortgages, our 
money, etc., are found on paper. Inexpensive paper 
has made America one of the most literate countries in 
the world. It has fed the masses their dreams of social 
justice and helped to make us the freest peoples of the 
earth. Inexpensive paper has carried culture to the 
common man, raised his living standards, given him 
jobs, and kept him healthy. Within this century 
paper has released such a flood of business and indus- 
trial growth as the world had never known. Enough 
paper is produced annually to make a mile-wide strip 
that would reach to the moon. 

“Out of paper came our mass-production economy, 
our speed of transportation and distribution. Without. 
abundant paper, civilization as we know it today could 
never have been developed. 

“The world spins on paper. With it, peace can come 
for all time if it is well used—for through it, by the 
printed work, people of all nations can know each other; 
and by knowing, reach out friendly hands’’(9). 
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LETTERS 
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but the possible drastic consequences of intellectual 
dishonesty in science teaching. As I see the world, 
scientists and teachers have not won the confidence and 
votes of the people at large. If we indifferently con- 
tinue with our old lecture notes and notions, we will 
“stand guilty” in their sight of having “wilfully de- 
ceived” the public with a baffling, irrational atomic 
theory that is at least twenty years obsolete. What 


sin of omission could be worse when the world peoples. 


are aching for tolerance, fairness, and honesty? , 
It seems a further shame to our profession that the 
vast majority of chemists do not know what the com- 


mon (organic) double bond looks like. The modern 
descriptions of Mullikan, Wheland, Coulson, and 
Bowen have not been noticed as yet, for most chemists 
are still thinking in terms of the “pinball” models that 
August von Hofmann used in his 1865 lectures to the 
London chemists. The affairs of men move more 
swiftly today, and what I really fear is whether even the 
chemists realize how late it is. 


WILLIAM J. WISWESSER 


Wittson Propucts, Inc. 
READING, PENNSYLVANIA 
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€ SOURCES OF ENGINEERING INFORMATION 


Blanche H. Dalton, Engineering Librarian, University of Cali- 
fornia, Berkeley. University of California Press, Berkeley, 1948. 
v+109pp. 16 X 24cm. $4. 


THE material in this book was used originally to teach faculty 
members and graduate students in Engineering how -to make 
effective use of the library as an aid to research. It remains as an 
outline most intelligible to a librarian assisting an individual who 
desires to find publications in a specialized field. 

The book consists of seven sections, each of which has a short 
introductory paragraph defining and describing what will be 
found in that section. The sections are: I, Indexes to periodical 
and serial literature; II, Abstracts; III, Location of Articles, 
Identification of Periodicals; IV, Bibliography; V, Reference 
books; VI, The Trade Catalog Collection; VII, Standards and 
specifications. 

Despite its brevity this book will be used extensively by engi- 
neers, who, as a group, are inept in making the best use of the 
library. It will be useful to those in chemical and chemical 
engineering research who go into borderline fields common to 
other branches of engineering. 


KENNETH A. KOBE 


University oF TEXAS 
Austin, TEXaAs 


C7 INTRODUCTION TO THE HISTORY OF SCIENCE: 
VOLUME III, SCIENCE AND LEARNING IN THE 
FOURTEENTH CENTURY 


George Sarton, Associate in the History of Science, Carnegie 
Institution of Washington. Separately bound in two parts. The 
Williams and Wilkins Co., Baltimore 1947-8 publishers. Part], 
xxxvi + pp. 1-1018. 22 figs. Part II, xvi + pp. 1019-2155. 18 
figs. 18x 26cm. $20. 


Srnce the time when encyclopedias were invented, no institu- 
tion of learning, whether a university or a college or a group of 
cloistered monks engaged in scholarly pursuits, has been able to 
maintain its pretension without at least one of them. From the 
moment when its first volume appeared, Sarton’s ‘‘Introduction to 
the History of Science” has possessed asimilarimportance. Itis 
obligatory for every first-rate library of science or of the human- 
ities to acquire a copy of each new installment of it. 

Volumes I and II, reviewed in Tuts JourNnAL, 4, 1562-4 
(1927) and 9, 1665-6 (1932), comprise a total of 2090 pages 
(somewhat fewer than Volume III) and cover a period of twenty- 
two centuries, from the time of Homer to the time of Roger 
Bacon. The present volume deals with the times of Abu-l-Fida, 
Levi ben Gerson, and William of Occam, of Geoffrey Chaucer, 
Ibn Khaldun, and Hasdai Crescas. 

“The purpose of the whole work is to explain briefly, yet as 
completely as possible, the development of science and learning 
(systematized knowledge) throughout the ages everywhere. The 
present volume is restricted to the fourteenth century; it is a 
survey of science and learning everywhere in that century, a 
cross section of the intellectual history of mankind at the level 
XIV. Such a survey is necessarily incomplete and superficial 
because of its vastness. Yet every question has been investi- 
gated as thoroughly as was possible without jeopardizing the 
whole.” 

The arrangement of the work is such that it is easy to find the 
parts which treat of any particular subject, and to read about 
that subject in general or in detail. Two survey chapters give 


118 


over-all views of the principal factors in the intellectual progress 
of the first and second halves, respectively, of the fourteenth 
century. Hach is followed by other chapters which deal sepa- 
rately with the same factors, namely, with religious background, 
the translators, education, philosophical and cultural background, 
mathematics and astronomy, physics, technology, and music, 
chemistry, geography, natural history, medicine, historiography, 
law and sociology, and philology. 

The fourteenth century was a time when Arabic knowledge of 
chemistry and alchemy was beginning to appear in Europe in 
Latin translations and paraphrases. Practical treatises were 
written on such subjects as colors, glass, glazes, ceramics, and 
paper. The manufacture and use of glass and paper became 
established in Europe. Chemistry and alchemy were pursued 
experimentally by scholars who traveled from place to place, 
collecting and at the same time disseminating their information 
and doctrine. Of interest to the student of the history of chemis- 
try are the names of Buono, Dastin, Rupescissa or Roquetaillade, 
Sedacer, Alcherius, Ortolanus, Flamel, Dombelay, Wimandus, 
Stromer, and Leonard of Maurperg. ‘Abdallah ibn ‘Ali al- 
Kashani wrote a treatise on the making of faeince, the earliest 
known treatise on the subject and the only one in Islamic litera- 
ture. Al-Jildaki, the last important Arabic writer on alchemy, 
was too late to influence western science. In China Ch‘én Kuan- 
wu wrote on alchemy, Ch‘én Ch‘un on the manufacture of salt, 
and Shén Chi-sun on the manufacture of ink. In India the 
Jaina alchemist and physician, Merutunga, wrote the earliest 
datable treatise on rasa, metallic preparations, chiefly mercurial, 
for use in medicine. Feudalism had not yet collapsed in Europe. 
The Renaissance and the discovery of America were still to come, 


TENNEY L. DAVIS 


NorweE.tiL, MAssacHUSsETTS 


© THE METRIC SYSTEM OF WEIGHTS AND MEASURES 


The National Council of Teachers of Mathematics: Twentieth 
Yearbook. Compiled by the Committee on the Metric System, 
J. T. Johnson, Chairman. Bureau of Publications, Teachers 
College, Columbia University, New York. xiv + 304pp. 16 X 
23.5cm. $3. 


Tuts Yearbook, prepared by the National Council of Teachers 
of Mathematics, supplies a comprehensive view of the metric 
system and its usage as reported by individuals and organized 
groups including the American press. It not only surveys the 
history, nature, and advantages of the system but offers suggestive 
programs for its adoption both in the classroom and throughout 
the United States and the British Empire, two countries which as 
yet have not made the change to uniform weights and measures. 
It is most illuminating to see in how many fields the metric sys- 
tem is already used and how many leaders in these fields advocate 
the general adoption of the metric system in schools. There are 
four chapters in the book; the first, “System in Measures,” 
stating the need for correlated units; second, “The System at 
Work,” the evaluation and endorsements by users of the system in 
widely varied fields of activity; third, “‘Of Public Interest,” giving 
publicity by radio, press, and groups advocating the adoption of 
the system; and fourth, ‘Toward Wider Use,” in which methods 
of making the change are described. Congress adopted the met- 
ric system as far back as 1866, but we continue to use our inherited 
English system which requires a tremendous effort to learn and 
remember. ‘The comments of the laymen as well as the comments 
of educators, scientists, and industrialists make us aware of the 
confusion of the two systems of measurement. Teachers of 
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mathematics and science will enjoy the school radio programs and 
will be encouraged to write similar ones for their buildings and 
their communities. The book also contains a teaching unit for 
the junior high school with practice exercises. Here is a book 
that should be in every school library and should be widely pub- 
licized for the use of the laymen. 


GRETA OPPE 


Batt Hieo ScHoou 
GALVESTON, TEXAS 


& ATOMIC ENERGY 


Karl K. Darrow, Physicist, Bell Telephone Laboratories, New 
York. John Wiley and Sons, Inc., New York, 1948. 80 pp. 13 
figs. Stables. 14.5 X 22cm. $2. 


Tuts volume consists of four lectures delivered by Dr. Darrow 
as Norman Wait Harris Lecturer at Northwestern University in 
1947. The author has attacked the worth-while task of bring- 
ing the essential scientific information about atomic energy to 
the vast audience which has little training in science. The ap- 
parently almost verbatim transcription of spoken lectures may 
have lost some force in print, but the account remains interesting 
and informative. A remarkably complete coverage of the im- 
portant facts has been achieved at what appears to be a rather 
leisurely pace. Beginning with a clear description of simple 
nuclei, the author proceeds to point out the significance of mass 
discrepancies and nuclear binding energy. In the third lecture, 
larger nuclei are considered and the nuclear fission reaction is 
introduced. The final lecture is devoted to a more thorough de- 
scription of the fission reaction and some of its technological im- 
plications. 

Perhaps one trained in science is a poor judge of the author’s 
success in his endeavor to reach the untrained. With this reser- 
vation, the reviewer is of the opinion that Dr. Darrow’s lectures 
should be very informative to a large audience both in and out of 
the various fields of science. Few compromises with scientific 
accuracy have been made, and the author has adopted the praise- 
worthy rule of making his models no more complicated than the 
essential facts require. Even for those familiar with the subject 
matter discussed, these lectures offer a useful example in peda- 
gogy. 

RUSSELL R. WILLIAMS, JR. 

University or Notre DAME 

Notre Dame, INDIANA 


@ DARWIN: BEFORE AND AFTER 


Robert E. D. Clark. The Paternoster Press, Fleet Street, London, 
1948. 192pp. 13 X 19cm. 6 shillings ($1.25). 


In THIS small volume Dr. Clark traces the growth of the theory 
of evolution in relation to man’s contemporary knowledge of the 
physical sciences, information which Dr. Clark bases largely 
upon first-hand investigation of original sources. There has 
arisen a growing suspicion that evolutionary doctrines are incon- 
sistent with our greatly increased knowledge of the properties 
of matter. In the course of this book the speculations of the 
ancients concerning the origins of things are revealed, the as- 
tonishing effects of the evolutionary theory are reviewed, and the 
present view of the old preformationists in the light of genetics 
places in historical perspective. “By recognizing God as the 
source of created things,” the writer asserts, ‘Christianity made 
it possible for science to begin.” ‘‘Above all,’ he concludes 
“the so-called ‘evolutionary outlook’ is still exactly what Darwin 
made it—a substitute God.... We are told on all hands that 


the modern man cannot believe in God because it is ‘unscientific’ 
to do so or just because he cannot imagine what God is like. . .and 
yet moderns are willing enough to accept the existence of elec- 
trons, protons, and what-not and are satisfied enough when the 
physicists tell them that they ought not even to try téimagine 
what these entities may be like.” 
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Dr. Clark’s independent point of view is refreshing and fur- 
nishes the reader with much food for thought, for men will specu- 
late and will continue to do so until the close of history on the 
absorbing question, the ‘‘germs of life.” 


GRETA OPPE 


Batu Hieu ScHoou 
GALVESTON, TEXAS 


a READINGS IN THE PHYSICAL SCIENCES 


Harlow Shapley, Helen Wright, and Samuel Rapport, Edi- 
tors. Appleton-Century-Crofts, Inc., New York, 1948. xiii + 
501 pp. 16 X 24cm. $3. 


Tuts collection will find a wide audience.‘ It is suitable as 
collateral reading for honors courses for science majors and for 
general physical science courses for nonscience majors. The 
articles are meaty, lucid, and exciting. Itis divided into six parts, 
with the first one devoted to general articles on science and the 
scientific method, and the other five to articles in the fields of 
astronomy, geology, mathematics, physics, and chemistry. Each 
section starts with a brief introduction and is followed by a read- 
ing list of nearly 400 books in all; at the end of the book there 
are two-line notes on the authors of the articles chosen. An in- 
dex, principally of names, completes the book. 

With few exceptions the articles chosen are from public lectures, 
magazine articles, or books. There are only a few from primary 
sources, that is, from the original reports of the scientists on the 
work being discussed. This predigestion undoubtedly makes for 
smoother reading, but it weakens the fare from the point of view 
of the science major. Many of the subjects are of current head- 
line interest in science, for instance, atomic energy, the 200-inch 
telescope, jet propulsion, and the Smyth report; and a few were 
chosen from the works of the early pioneers like Copernicus, 
Galileo, Newton, Helmholz, and Franklin. 

This collection will inevitably be contrasted with “A Treasury 
of Science” by the same editors. Fourteen selections are common 
to the two. ‘A Treasury of Science” covers reading in both the 
biological and the physical sciences and has more articles chosen 
from original works. It has received an enthusiastic welcome 
from students, and ‘‘Readings in the Physical Sciences” should 
be every bit as popular. The binding and typography are ex- 
cellent and the price is low for a book of such quality. 


RICHARD WISTAR 


Mitts CoLueGEe 
OAKLAND, CALIFORNIA 


8 THE CHEMISTRY OF HIGH POLYMERS 


C. E. H. Bawn, Professor, University of Bristol. Interscience 
Publishers, Ltd., London; Interscience Publishers, Inc., New 
York, 1948. x + 249 pp. 72 figs. 3l tables. 14.5 + 22 cm. 
$4.50. 


In nuts preface the author states, ‘“This book is addressed to the 
reader who wishes to become familiar with some of the basic 
ideas of the physics and chemistry of high polymers. The text 
is based on a series of postgraduate lectures given in the Univer- 
sity of Bristol in the autumn of 1946 to graduate chemistry 
students and industrial chemists. ... Polymer chemistry is a 
very large subject and one which is growing rapidly.... Certain 
general principles must, of course, be of common applicability 
to all macromolecules whatever their nature, and it is primarily 
with these fundamentals that this introductory account is con- 
cerned.,.. An attempt has been made to explain these basic 
ideas as simply as possible.... The development of the subject 
matter proceeds from an introductory account of the nature and 
structure of high polymeric molecules to that of the interesting 
problem of the mechanism of formation of the different types of 
polymer. Since the properties of large molecules are intimately 
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linked with their size and shape, these subjects are treated in 
some detail in subsequent chapters.... The latter part of this 
book is devoted to. . .the nature and structure of solid polymers, 
together with a survey of the present state of our knowledge re- 
garding the relationship between molecular structure and arrange- 
ment, and solid properties.” 

Seldom has the reviewer seen the plans as set forth in a preface 
any better fulfilled than Professor Bawn has done in this book. 
Furthermore, he has done it in a clear, concise, and scholarly 
manner. 

The author is open-minded and outlines and discusses different 
explanations of the same phenomenon. Many mathematical 
equations are included and often are fully developed. The book 
contains a great deal of fundamental information, including ex- 
perimental results. 

References are given for all important statements and explana- 
tions, and although the preface is dated ‘‘February, 1948” the 
references are up to date, going well into 1947. It is of interest 
that although the book has an English author the references are 
more from American than English and other sources. 

Here is an intriguing quotation (p. 184). ‘Theoretically, the 
infrared spectrum of a molecule is a unique ‘fingerprint’ which 
cannot be duplicated by any other molecule.” 

The text has been proofread very carefully. There is a good 
subject index, but an author index would also have been helpful. 
The book was printed in Great Britain and is made of paper that 
has a grayish tint. 

The jacket review is very good and from it the reviewer quotes 
the following with which he is happy to agree: “This survey will 
interest the beginner and the experimental worker on the aca- 
demic side as well as those engaged in industry who wish to know 
‘more about fundamental advances.” 


HARRY L. FISHER 


_U. 8. Inpusrriat Cuemicazs, Inc. 
BALTIMORE, MARYLAND 


® OUTLINES OF PHYSICAL CHEMISTRY 


Farrington Daniels, Professor of Chemistry, University of Wis- 
consin. John Wiley & Sons, Inc., and Chapman & Hall, Ltd., 
London, 1948. viii + 713 pp. 164 figs. 88 tables. 15.5 X 
23.5cm. $5. 


Turs is technically a first edition, although it differs less from 
the seventh edition of Getman and Daniels, “Outlines of Physical 
Chemistry,” than many new editions do from the preceding ones. 
That the dropping of Dr. Getman’s name should be made after 
the seventh edition rather than after the’ninth or the fifth is a 
matter that is of little concern to users of the book. 

The main structural changes are: (1) Chapter III, “Atomic 
and Molecular Forces,’? made up of material from the old 
Chapters I and XXIII, is inserted between the discussion on gages 
and solids; (2) Colloids is moved from XI to XVIII; (3) part of 
Chapter XVIII, Chemical Thermodynamics, is moved into 
Chapter VII, Thermodynamics; (4) the rest of Chapter XVIII 


‘ greater improvement. 
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and that part of Chapter XXIII, Molecular Structure, which is 
not used in the new Chapter III are relegated to the Appendix; 
(5) Chapters XXI and XXII are united into a new Chapter XXI, 
Atomic and Nuclear Structure, which is ten pages longer: than 
the earlier two. In all, the new book is 22 pages longer than the 
old. The most obvious change is the giving of titles to the 
figures. These changes are al] improvements. 

The teacher who uses this text will have to watch out for a few 
errors and many more places in which the text itself is not quite 
wrong but does make it very difficult for the student to avoid 
making an error. This can be greatly improved when Professor 
Daniels sits down to make the book really his own. He can also 
agree with himself then about the freezing point constant of 
water which is once 1.86, once 1.858. but usually 1.855. I ree- 
ommend 1.860. 

In my opinion the Chapter on Electromotive Force is still the 
least successful in the book. The convention as to the sign of 
the potential has now been changed to agree with the usage of 
most American physical chemists, and to disagree with most of 
the rest of the world. A further reversal of position can give 
Emphasis should be laid on changes of 
state, which can be localized at electrodes and liquid junctions, 
and not on potentials, which cannot be localized. Cells with 
complicated changes at the liquid junctions which are assumed 
not to affect the electromotive force should be treated after cells 
which can be understood. A reasonable and fairly exact treat- 
ment of liquid junctions could be given in the space used for the 
present treatment. 

The idea of discussing intermolecular forces early is an excellent 
one which deserves a fuller and clearer treatment. Repulsion 
should be included and “dispersion forces” explained differently 
than as ‘induced dipole-induced dipole.” A figure showing a 
potential energy curve of two molecules might be very helpful. 

The best chapter is that on Chemical Kinetics, to which Pro- 
fessor Daniels has contributed so much himself. However, so 
much space is devoted to this subject and so much space in other 
chapters to activity coefficients of ions that it seems a shame to 
miss the teaching advantage of Brgnsted’s great contributions 
to this field: the practical one of adding electrolyte to make the 
ionic strength so large that changes during the course of the re- 
action are not troublesome; and the theoretical one of explaining 
salt effects by a critical complex, whose activity coefficient must 
be calculated because it cannot be measured. 

The book contains much more than can be taught in one year, 
but that is apparently expected of a successful text and does have 
the advantage of giving the student opportunities of reading about 
much more physical chemistry than he has to learn. This book 
reflects Professor Daniels’ enthusiasm for research and the 
variety of his interests. Nitrogen dioxide crops up pretty fre- 
quently, but the only time I found it out of place is in the dis- 
cussion of adsorption, where ‘the equilibrium is so complicated 
by association in the gas that the adsorption curves are abnormal. 


GEORGE SCATCHARD 


Massacuvusetts Institute oF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 





In the October issue the price of the book, “Chymia, Volume I,” by Virginia Bartow, should have been listed as $3.50 and 
not as $4.00. 





John Read 


(See page 172) 
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DISTINCTIVE FEATURES 


Stainless Steel 

The beam and all exposed parts are of stainless steel, which 
is practically noncorrodible by laboratory fumes. In fact 
these stainless steel parts have been placed in the following 
solutions for one month: Ammonium Hydroxide, Chromic 
Acid, Formaldehyde, Hydrogen Sulphide, Sodium Hypo- 
sulphite, Nitric Acid, Sodium Chloride, Molten Sulphur, 
and Sulphuric Acid, and at the end of that period showed a 
total penetration of less than .0003” for any solution. This 
resistance of stainless steel insures for many years bright, 
clear, easily read scales, while the old designs with ferrous 
or nickel beams become unreadable in a comparatively short 
while. This exclusive advantage in the Welch balance will 
be appreciated by all laboratory directors. Because of the 
use of Stainless Steel, it is possible to have fine, sharp lines, 
which are easily read. Every tiny screw, rivet or nut, in 
this balance is of stainless steel. 


Beam Arrest 


A beam arrest button is at the left end of the base thus 
providing for rapid, accurate weighing. This feature is 


particularly valuable, for the novice may learn on this com- 
paratively rough-weighing scale that the damping device 
should be handled gently so as not to throw the beam and 
increase rather than decrease the oscillations. 


Covered Bearings 

The stainless steel cover is provided so that no materials can 
fall into the agate bearings which support the Cobalite 
knife edges. This feature will be particularly appreciated in 
the chemistry laboratory where so often balances of this 
type are ruined, and particularly those with ferrous knife- 
edges or bearings, by some of the salts falling on the knife- 
edges and into the bearings. 


Cobalite Knife-Edges 


The knife-edges are hard, corrosion-resistant Cobalite, a 
cobalt-chromium-tungsten alloy. Heretofore these were 
only found in “‘extra-cost,’”’ high-grade analytical balances. 
In industrial applications, the remarkable performance of 
this hard, corrosion-resistant material is well known. 
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As ruis issue was being prepared, news was received of the sudden death of 
Dr. Tenney L. Davis. By the time they read this, however, his many friends will 
very likely have been otherwise informed of it. Nevertheless, I cannot let this 
occasion pass without expressing my personal regrets and those of the JouRNAL. 

Dr. Davis was one of our most valued associates and advisers. His service as 
associate editor of the JouRNAL, indeed, antedated the term of the present editor. 
For years he has been our final authority on matters pertaining to the history of 
chemistry. His high scientific and historical standards determined our policy in 
this field. He had no sympathy for loose-jointed thinking or slipshod writing and 
no historical contribution got his recommendation unless it showed originality and 
scholarly treatment. His own occasional contributions were notable for these 
characteristics. 

He was the ideal product of American education; for many years a professor in 
the country’s best known institute of technology, his active interests ranged much 
further afield, into literature, art, and music. He could be equally at home in an 
industrial plant or in the Harvard Club; he seemed to fit either environment. 

His charming home in Norwell was a bit of New England at its best. The 
extensive bookshelves were full, for he was an enthusiastic collector of old scientific 
works. He seemed to be on intimate terms with every one of his collection, and 
he was likely to pull one out, tenderly, in the course of his conversation, and quote 
from its German, French, or Latin. 

His many writings on alchemy have a permanent place in our literature, par- 
ticularly his revelation of the important part played by the Chinese in the develop- 
ment of this stage of our science. One of his last pieces of work was the editing 
of the recent volume, ‘‘The Chemical Arts of Old China,” by Li Ch’iao-p’ing. 
It is characteristic of him that his name appears in this volume only as the writer 
of the Foreword; actually he was responsible for arranging and editing the whole 
book, which faithfully reflects his artistic and scholarly touch. 

A few minutes’ walk from his home was his “‘retreat,’’ a rustic cabin in the midst 
of a wood dense enough to shut out all the noise from the nearby roads. Here he 
frequently retired, almost literally ‘into another world,” to read and write, or 
merely to rest. For his physical activity was strictly limited during the last years 
of his life, since a serious heart attack forced him to retire from active teaching at 
the Massachusetts Institute of Technology. Nevertheless, he maintained an active 
research program in his specialty of pyrotechny, as consultant for the National 
Fireworks Company, located not far from his home. It was on the road to his 
laboratory that his heart stopped, on January 25th, at the age of 59. 

It is one of those unforeseen but appropriate accidents that the very last item 
in this issue is a book review, the final signature of which is—“‘Tenney L. Davis.” 


t 





CHEMICAL PORTRAITS ON MEDALS AND 
PLAQUES 


A recent paper by the writer in Tais JouRNAL! 
dealt with caricatures of chemists. The illustrations 
poked fun at certain characteristics of chemists, as a 
profession or as individuals. However, artistic pro- 
ductions designed to honor meritorious chemists are 
far more common. These are usually the work of 
prominent artists and have been commissioned by 
grateful students and friends to commemorate special 
occasions. Particularly attractive among such his- 
torical items are medals and plaques, 7. e., metal discs 
or tablets, which transmit to later generations plastic 
likenesses of the honored chemists and memorialize 
their accomplishments by a few pregnant words or an 
artistic device. Held in the hand, they provide not 
only information but also the aesthetic pleasure of 
watching the interplay of light and shadow when the 
specimen is tilted in various directions. This is an 
innate advantage of the plastic form over the flat like- 
ness. 

A great many of these small works of art have been 
issued. The few discussed here were chosen because of 
the importance of the subject and the artistic merit 
of the execution. 

Andreas Sigismund Margraff (1709-82) was the first 
to point out the sugar content of the beet and so laid the 
foundation of the beet sugar industry. He was the 
last distinguished German chemist of the phlogiston 
period. The only known likeness of him is preserved 
in the medal produced about 1780 by Abraham Abram- 
son, the Berlin medalist. All the likenesses of Mar- 
graff given in books have been drawn after this medal 
(Figure 1). The flame and the inscription ‘Ignibus 
Abdita Rerum Scrutatur’” (He searches out hidden 


1 PRANDTL, W., J. Chem. Educ., 25, 323 (1948). 





WILHELM PRANDTL 

University of Munich, Munich, Germany 
(Translated by Ralph E. Oesper, University of 
Cincinnati) 


Figure 2 


things by fires) on the reverse are reminders of the 
method and theory of the phlogistians. The stone, 
branch, and antlers symbolize the three kingdoms of 
nature: mineral, vegetable, and animal. 

Excluding Berzelius and Scheele, the greatest of the 
early Swedish chemists was Tobern Bergman (1735- 
84). He was professor of chemistry and pharmacy 
at the University of Upsala and was the teacher of 
Gahn, Gadolin, and d’Elhuyar. In 1777 he published 
Scheele’s famous ““Treatise on Air and Fire.” He also 
made valuable contributions to the development of 
qualitative and quantitative analysis. A silver medal 
(Figure 2) was issued to commemorate the centenary 
of his death. The artist Lea Ahlborn (neé Lundgren 
1826-97) was medalist at the Stockholm mint from 
1855. 

At the ninth meeting of the Deutsche Naturforscher 
und Arzte at Hamburg in September, 1830, a medal 
(Figure 3) was dedicated to honor the 50th birthday 
(August 20, 1829) of the great J. J. Berzelius (1779- 
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Figure 4 


1848). It was the work of Wilhelm Kirchner, a student 
of the Berlin Medal and Coin Institute, and was de- 
signed under the supervision of G. Loos. The prime 
objective of Berzelius, namely, the accurate determina- 
tion of atomic weights, is summed up in the reverse of 
the medal by a balance and the inscription ‘‘Pondera 
Et Numeros Investigavit” (he studied weights and 
numbers). 

Johann Bartholomius Trommsdorff (1770-1837) 
proprietor of an apothecary in Erfurt, was professor 
of physics and chemistry at the local university from 
1795. He founded a pharmaceutical institute there 
and trained many of the most competent apothecaries 
and teachers of chemistry and pharmacy. On October 
1, 1834, his students commemorated the 50th anniver- 


sary of the entrance into professional life of their 


esteemed teacher by a medal (Figure 4). Its reverse 
shows Aesculapius, the god of medicine, with two dis- 
ciples. One is lighting his lamp at the torch of the 
god and receives a remedy from him; the other is stir- 
ring a preparation. The occupation of the distinguished 
recipient of the medal is thus fittingly symbolized by 
this group and the inscription: “Fax Divina Coquit 
Succos Morbisque” (The divine torch boils juices and 
cures diseases). Friedrich Anton Konig (born in Ber- 
lin, 1794) medalist at the Dresden mint from 1824 pro- 
duced this piece. It is a fine example of his work, which 
was renowned for its excellency of design, drawing, and 
execution. 

Both Jean d’Arcet (1725-1801) and his son J. P. Jo- 
seph (1777-1844) were competent chemists and tech- 


Figure 5 
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nologists. The father is now perhaps best remembered 
as the discoverer of d’Arcet’s metal. This alloy, which 
consists of 8 parts bismuth, 5 lead, and 3 tin, melts at 
79°C. The younger d’Arcet introduced into metal- 
lurgical practice the refining process (affination) in 
which gold and silver are separated by means of sul- 
furic acid. Both were Inspectors General of Assays 
(Wardens) at the Paris mint, being appointed in 1791 
and 1818, respectively. Raymond Gayard (1777- 
1858), the Paris medalist, who put out an extensive 
numismatic portrait gallery of distinguished persons, 
made the d’Arcets the subject of a joint medal (Figure 
5). 

Justus von Liebig (1803-73) earned the eternal grati- 
tude of mankind by his studies which led to the use of 
mineral fertilizers and hence to immensely increased 
harvests. As a token of their debt to the great chem- 
ist, the German agriculturists commissioned Brehmer, 
the well-known engraver, to execute a medal (Figure 
6). It was to be awarded to meritorious farmers. The 
portrait relief was modeled from life. The allegorical 
reverse was taken from a drawing by the Munich artist 
Ludwig Thiersch, a close friend of Liebig. It shows 
Pallas Athene, the goddess of wisdom, and Ceres, the 
goddess of harvests. Liebig’s friends did not consider 
the likeness a good one. The most recent Liebig relief 
is included here for contrast and also because of its 
rarity. It shows him in his Giessen period. Only two 
specimens of this 3-mark piece were struck in 1927 at 
the Stuttgart mint, and the coin was never put into cir- 
culation. It is reproduced here for the first time 
(Figure 7). 





Figure 8 


Liebig’s most intimate friend was Friedrich Wéhler 
(1800-82), famed for his production of artificial urea 
and the isolation of metallic aluminum. Professor at 
Gottingen from 1836, his fame as a teacher of chemistry 
was world-wide. His friends and students honored 
him on his 80th birthday with a fine medal (Figure 8). 
It was designed by Edward Liirssen (1840-91), the 
eminent Berlin sculptor and medalist. The smooth 


Figure 9 


edge of this medal shows that it was cast, whereas all 
of the others previously reproduced here were pro- 
duced by stamping, as revealed by their raised rims. 
Among the famous chemists who were active in Mu- 
nich at the time of and after Liebig was his student and 


collaborator Max von Pettenkofer (1818-1901). Al- 
though his lasting reputation was earned in the field of 
hygiene, one of his chemical triumphs was deemed 
worthy of a medal by the Deutsche Chemische Gesell- 
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schaft. It was issued in 1900, in honor of the 50th 
anniversary of the day—January 12, 1850—on which 
Pettenkofer delivered to the Bavarian Academy of 
Sciences a lecture on ‘“The constant differences in the 
equivalent numbers of the so-called simple radicals.” 
This discussion was an important step in the founda- 
tion of the periodic system of the elements. The medal 
(Figure 9) is the work of the distinguished sculptor 
Adolf von Hildebrand (1847-1921). Unfortunately it 
is marred by a flagrant misspelling. The grateful in- 
habitants of Munich likewise honored the great hy- 
gienist who freed their city of cholera and typhoid. 
This medal (Figure 10) was produced by Hermann 
Hahn (born 1868), the eminent Munich sculptor. He 
also made the medals issued in recognition of the ac- 
complishments of Liebig’s successors in the chair of 
chemistry at the University of Munich, namely, Adolf 
von Baeyer (1835-1918) and Richard Willstatter (1872- 
1942). They were exceptionally successful teachers 
and investigators; both were Nobel prizemen. The 
gold Adolf Baeyer Medal (Figure 11), established by 
Carl Duisberg, has, since 1910, been awarded by the 
Verein Deutscher Chemiker to German chemists who 
have done outstanding work in organic chemistry. 
The Willstatter medal (Figure 12) was sponsored in 
1925 by his students. 

Willstatter’s close friend, Fritz Haber (1868-1934) 
was likewise the recipient of the Nobel prize. He is 
especially noted for his synthesis of ammonia from its 
elements. The medal reproduced here (Figure 13) 
was modeled (1930) by Martha Friedlander, widow of 
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Figure 13 


Haber’s good friend, Paul Friedlander (1857-1923) the 
well-known authority on dyes. 

The French medals and plaques have been distin- 
guished by a special charm since the famous medalists 
Jules Clement Chaplain (1839-1909) and Oscar Roty 
(1846-1917) introduced a new method of manufacture. 
The medalist art throughout Europe reached new ar- 


tistic heights under the influence of these craftsmen. 
Instead of the former stamped pieces, with raised edges, 
hard relief, and stiff lettering, they produced rimless cast 
medals, in which the artistic design rises from the back- 
ground to form an organically integrated unit. 

One of-Roty’s masterpieces was shown in a recent 


number of Tus JouRNAL.? This beautiful medal was 
issued in 1886 in connection with the elaborate cere- 
monies marking the centenary of the birth of M. E. 
Chevreul (1786-1889), who at the time was still quite 
vigorous. 

In 1901, Chaplain created the beautiful plaque 
(Figure 14) dedicated to Marcelin Berthelot (1827- 


2 Lemay, P., anv R. E. Orsprr, J. Chem. Educ., 25, 62 (1948). 
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1907). It commemorated the 50th anniversary of his 
appointment at the College de France as assistant to 
Balard, whom he succeeded in 1864. The inscription 
beneath the profile refers to his comprehensive book 
“Chimie organique, fondeé sur la synthese” (1860). 
The reverse side of the plaque represents the great 
chemist in his laboratory, synthesizing acetylene, a feat 
he accomplished in 1863 by passing an electric arc be- 
tween carbon rods placed in an atmosphere of hydro- 
gen. His bomb calorimeter is shown in the back- 
ground. It was constructed in 1879 to measure the 
heats of combustion of organic compounds burned in 
oxygen under high pressure. 

Louis Pasteur (1822-96) was the founder of stereo- 
chemistry (1848) and (from 1857 on) the discoverer of 
numerous living ferments and disease-producing or- 
ganisms. The medal (Figure 15) was issued when the 
great scientist died. Victor Peter (1840-1917), the 
Paris sculptor and medalist, obviously was not able to 
devise a suitable pictorial representation of Pasteur’s 
immense life work. He, accordingly, had to content 
himself with the comprehensive phrase “He brings 
forth truth from the enveloping shadows.” 

This series of reproductions of medals will be closed by 
an interesting medal (Figure 16) awarded in Austria 
during the reign of Marie Theresia to outstanding 
students of assaying. It appropriately depicts an 
assay laboratory of the 18th century and carries the 
inscription “Probatoriae et Separatoriae Artis Studium 
praemiat” (reward for the study of the art of-assay- 
ing and separating). The artist was the eminent Italian 
engraver, Guiseppe Toda. 


Figure 16 





AN HISTORIC KIT FOR BLOWPIPE ANALYSIS 


Tue usefulness and high regard with which blowpipe 
analysis was held in the middle of the last century is 
summed up in the following extract from a widely used 
textbook of chemistry of that period: “The mouth 
blowpipe is one of the most valuable and portable in- 
struments of research which the chemist possesses; he 
is enabled by its means to arrive with certainty and 
economy at results which without its aid would re- 
quire much expenditure both of fuel and time, and it 
often affords information which could be obtained in 
no other way (1).”’ 

Surely a method which was so well considered in the 
past merits our examination today. In order to obtain 
a many sided view of blowpipe analysis, however, we 
shall do more than examine just the method. We shall 
also look at its history and at a typical analytical chem- 
ist of the past century. As a final bit of intimate asso- 
ciation we shall examine this particular chemist’s own 
assay kit. 


THE METHODS OF BLOWPIPE ANALYSIS 


Blowpipe analysis rests mainly on the indications 
afforded by substances when submitted to the oxidizing 
or reducing action of certain parts of a flame modified 
by a current of air. 

The blowpipe itself is a small tube of metal, six to 
eight inches long and containing a fine orifice at one 
end. By blowing a stream of air through the larger 
end a fine but intense jet of air is emitted from the ori- 
fice, and when directed into the flame of a candle or 
lamp an intense heat is developed over a minute area. 

The sample to be analyzed by this method is sub- 
jected to various operations with the blowpipe such as 
heating on charcoal and on platinum with borax, 
microcosmic salt, and with a standard group of rea- 


Figure 1. Booth’s Assay Kit (closed) 


SIDNEY M. EDELSTEIN 
Dexter Chemical Corporation, New York City 


gents consisting of such materials as sodium carbonate, 
cobalt solution, sodium hyposulfite, zinc, potassium 


‘acid sulfate, and others. The reactions of the sample 


when heated in closed and open glass tubes are also 
noted. In general the tests may be carried out on a 
particle as small as a mustard seed. 

From the results of these tests the analyst can de- 
termine definitely, by reference to his own experience 
or to special tables, the inorganic constituents of the 
sample. If the material is a definite mineral he can 
positively identify the mineral by a few simple confirma- 
tory tests. 


HISTORY.OF BLOWPIPE ANALYSIS 


The origin of the blowpipe is lost in antiquity. That 
this instrument was recognized and used in the arts in 
very ancient times is unquestioned. Egyptian carvings 
dating from 2500 B.c. clearly show the use of the blow- 
pipe by goldsmiths and other artisans. Even the word 
for smith, nappachu, in ancient Babylonian was de- 
rived from the name of the reed blow pipe (2). 

With the use of this instrument in the arts for thou- 
sandsof years, one would expect that artisans and others 
would have made use of it to prove or test metals, ores, 
and minerals. Surprisingly, it was not until com- 
paratively recent times that we have any record of the 
blowpipe being used for this purpose. 

Bartholin was probably the first to indicate that the 
blowpipe could be used for test purposes. In his trea- 
tise on Iceland Spar, published in 1670, he states that 
this mineral is burned to lime before the blowpipe (3). 
Kopp points out, however, that Kunckel apparently 
recognized the usefulness of the blowpipe in chemical 
experiments about the same time. In Kunckel’s ‘Ars 
Vitraria Experimentalis,” it is mentioned that a glass- 
blower’s table is very useful to the chemist, as for ex- 
ample in testing a metallic calx; ‘‘it is only necessary to 
hollow out a coal, put a small piece of the calx in the 
hole and blow on it with the flame of a lamp, and thus 
obtain the metal (4).”’ 

On the authority of Bergman we may attribute the 
first active use of the blowpipe as an instrument of 
chemical analysis to Anton Von Swab, a Swedish 
Metallurgist and Counselor of the College of Mines, 
about 1738. Von Swab, however, left no written work 
on this subject and it is not known how far he actually 
carried htis studies (4). 

Johann Andreas Cramer (1710-77), a German mining 
expert, was undoubtedly the first to record the useful- 
ness of the blowpipe in assay work. In his “‘Elementis 
Artis Docimasticae,” which appeared in 1739, he 
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Figure 2. Assay Kit Open and Tray Removed 


recommended the instrument for melting small bits of 


metal and for testing quickly small grains of ores and 


minerals. Cramer was also the first to use borax in fu- 
sibility experiments before the blowpipe (6). 

When the great mineralogist Cronstedt (1722-65) 
described a new species of mineral before the Swedish 
Academy in 1756 and gave it the name of zeolite, his 
attachment to the blowpipe as an analytical instru- 
ment was obvious. For the word zeolite is a combina- 
tion of two Greek words meaning to froth and stone. 
Thus the results of the test of this mineral before the 
blowpipe became its actual name which it bears even 
to this day (7). 

This retiring genius, who laid the foundations of 
mineralogy, used the blowpipe as a means of studying 
the chemical relationships of the minerals. In these 
tests he employed borax, sodium carbonate, and micro- 
cosmic salt, and he was the first to make a portable kit 
containing all the utensils and reagents needed for 
blowpipe analysis. 

Cronstedt only published such information on his 
work with the blowpipe as might serve to distinguish 
minerals. Because the first edition of his work on 
mineralogy was published anonymously, in 1758, much 
of Cronstedts’ work was accredited to others (8, 9). 

It is to Gustav Von Engestrom (1738-1813) that we 
are chiefly indebted for a knowledge of Cronstedt’s work 
with the blowpipe. Von Engestrom gave an account of 
Cronstedt’s work with the blowpipe in his translation 
into English of the latter’s mineralogy in 1770. This 
first complete manual on the use of the blowpipe was 
translated into other languages and was influential in 


drawing the attention of mineralogists and chemists to 
the possibilities of this new method of analysis (10). 

At about the same time the great Swedish chemist, 
Bergman, also entered this rapidly progressing field of 
analysis and soon outstripped his predecessors. Berg- 
man went further than Cronstedt and extended the 
use of the blowpipe beyond the bounds of mineralogy 
into the field of inorganic chemistry. Bergman im- 
proved the instruments, taught the difference between 
the oxidizing and reducing flames, and examined a 
large number of minerals and inorganic compounds. | 
His work on the subject was published in sections be- 
ginning in 1773 and finally in a collected form in Vienna 
in 1779 under the title of ““Commentatio de Tubo Ferru- 
minatorio” or ‘Treatise on the Blowpipe (11).” 

On account of his health, Bergman was assisted in 
his work by Johann Gottlieb Gahn (1745-1818) who 
is perhaps best known as the teacher of Berzelius. 
Gahn particularly applied himself to the use of the blow- 
pipe in his mineralogical studies and, under Bergman, 
he examined all the known minerals under this instru- 
ment. It is said that Gahn was so devoted to the blow- 
pipe that he always carried one about with him and 
submitted everything to it that might possibly be tested. 
Perhaps the best known story of Gahn’s skill with the 
blowpipe is that of Berzelius, in which the latter says 
that long before it was known that the ashes of vegetable 
matter contained copper he (Berzelius) had seen Gahn 
extract distinct particles of metallic copper from a sheet 
of burnt paper by means of the blowpipe (12). 

Gahn gave the blowpipe the basic form it still has 
today. He introduced the use of platinum wire as a 
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support and cobalt solution as a reagent. Finally he 
developed the method of reduction of metallic oxides 
with the aid of sodium carbonate on charcoal. Gahn 
published nothing on the subject other than a short 
treatise attached to Berzelius’ ‘Elements of Chemis- 
try (13).”’ It is mainly through the writings of Ber- 
zelius that we have been made aware of Gahn’s ac- 
complishments. 

Berzelius for ten years was Gahn’s pupil and friend. 
All that Gahn had learned about the blowpipe was 
passed on to and was enlarged upon by his apt pupil. 
Through Berzelius, blowpipe analysis became a stand- 
ard method in both inorganic chemistry and mineral- 
ogy. The results of Berzelius’ work and that of his 
predecessors, culminated in the publication of his classi- 
cal treatise on the blowpipe in Sweden in 1820. This 
work was translated into many languages and into 
many editions (14). The methods of analysis as given 
in this book have remained essentially unchanged ex- 
cept in minor details down to our own times. The field 
was further enriched, however, in these minor details 
by Berzelius himself, Le Baillif, Smithson, Turner, 
Harkort, Plattner, Richter, and others (16). 


JAMES CURTIS BOOTH 


As our typical analytical chemist of the last century, 
we have chosen James Curtis Booth, because most of 
his work in chemistry, mineralogy, and industry de- 


Figure 3. 
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pended on analytical chemistry at a time when blowpipe 
analysis was widely used. Also his life and work are 
fairly well known and he studied analytical chemistry 
under Wohler, who in turn had studied under Berzelius. 
Finally we have before us the actual blowpipe assay 
kit used by Booth, and perhaps even made by him. 

In the middle of the year 1832, Booth, then a young 

man of 22 set sail from America for Europe, for the 
famous laboratory of Wéhler at Hesse—Cassel. Booth 
was probably the first American to venture to Germany 
for the purpose of studying analytical chemistry. 
_ While he had studied at the University of Pennsyl- 
vania and had obtained his degree from this institu- 
tion in 1829, apparently Booth was not able to obtain 
the desired training and hence ventured abroad. 

Wohler himself was a young man of thirty-two when 
Booth came to study under him. While Wohler was 
then directing his energies into the field of the infant 
organic chemistry, he was still full of the analytical 
training obtained under the master of analysis and of 
the blowpipe, Berzelius. Undoubtedly at Hesse— 
Cassel, Booth concentrated on analysis and probably 
learned the blowpipe technique and methods of Berzel- 
ius directly from Wohler. : 

Booth wanted to continue study under Berzelius 
himself, but even with a recommendation from Wohler 
he was disappointed. Berzelius had discontinued re- 
ceiving students because of his advanced age. 


Assay Instruments from Assay Kit 








MARCH, 1949 


"hy 


J. C. Booth 


Upon his return to America, Booth founded a labora- 
tory for the instruction of men in industrial and analyti- 
cal chemistry, and this laboratory developed into the 
well-known consulting firm of Booth, Garret, and Blair. 

Booth’s interest in mineralogy and geology led to his 
appointment to the first geological survey of Pennsyl- 
vania and then as state geologist of Delaware. 

It is most likely that the assay kit was his constant 
companion on his mineralogical surveys and one can 
picture the young chemist at a table in some inn, in the 
evening after a days collecting of minerals, carefully 
testing some of the samples. 

In the hectic days of 1849 Booth was appointed melter 
and refiner of the Philadelphia Mint. The difficulties 
which Booth had to cenquer seemed almost unsur- 
mountable. The gold which was received at the mint 
in its native state required prompt and accurate treat- 
ment to suit it for coinage. It was also necessary to 
extract the excess of silver in the gold to fit it within the 
prescribed limits for gold coins. 

While the equipment at the mint had been perfectly 
satisfactory for handling the gold received before the 
California discovery, it was now completely inadequate 
and Booth had to supervise the building of new equip- 
ment and the development of new processes. ‘All of 
the difficulties were overcome, and finally “under 
Booth’s energetic and capable management, the mint 
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was able to meet promptly every demand.” Booth 
continued his active work in the field of industrial chem- 
istry and remained as melter and refiner at the Mint 
until 1888, the year of his death. 

According to Edgar F. Smith (/6) the three great 
achievements of Booth’s life were: (1) The founda- 
tion of a great laboratory of practical chemistry; 
(2) his splendid contribution to the geology, not only 
of his native state, but to that of the State of Delaware; 
(3) the most difficult of all, the conduct of the melting 
and refining at the mint in Philadelphia. In this last 
undertaking every faculty possessed by him was called 
into requisition. The work was done virtually in re- 
tirement. It was not heralded to the world. It was 


Blowpipe Assembled for Use 


Figure 4. 








one of those contributions which only the well-equipped, 
conscientious, self-sacrificirz individual can make. 
Therefore, too much credit cannot be given to Booth 
for his admirable outlay of energy and thought, extend- 
ing over many anxious years. We may reasonably 
assume that Booth’s knowledge of blowpipe analysis 
as well as his little assay kit served him as much in the 
third accomplishment as it undoubtedly did in the 
second. 


BOOTH’S ASSAY KIT 


Let us now examine Booth’s assay kit (Figure 1). 
This beautiful little outfit was found among some of 
Booth’s effects which were auctioned off in Philadelphia 
a few years ago by Booth’s aged daughter. 

The box is apparently made from a single piece of 
walnut and is 4*/, in. wide, 9'/, in. long and 2%/, in. 
high. As one can see, it is about the size of a thick 
octavo volume. 

The brass plate at the front end contains a double 
lock. The box opens on hinges at the other end to 
display all the reagents on the one side and all the instru- 
ments on the other, required to make a complete quali- 
tative inorganic analysis (Figure 2). 


Figure 5. Contents of Right Portion of Kit 

























The assay instruments are contained in the left por- 
tion of the kit. Each instrument is finely made and 
fits snugly into its own carved out space. Most of thes 
instruments are exactly as described in Berzelius’s book 
on the blowpipe published in 1820. 

The blowpipe itself is a pocket type invented by 
Mitscherlich (see item 1 in Figures 2 and 3). It is 
simply Gahn’s blowpipe in compact form. It consists 
of two silver-plated brass tubes which screw together 
and a small tip of silver which fits in at one end. Fig: 
ure 4 shows the assembled blowpipe; a and b are the 
two silver-plated brass tubes, c is the silver tip, d is the 
moisture trap invented by Gahn which prevents con- 
densate from spewing over the assay. The operator 
either blew directly into the blowpipe or used a special 
mouthpiece, e. 

In the left portion of the kit as shown in Figure 2, 
there are about twenty instruments each of which has 
a special job to do. 

These assay instruments are displayed in Figure 3. 
Mineral samples are broken on the steel anvil (2), with 
the small hammer (3), or filings are taken with the file 
(4). The small sample pieces are handled with the 
steel forceps (5), or with the smaller one of brass (6). 
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If a small sample is to be held in the flame for test the 
platinum end of the brass forceps (6a) serves well. 

Ore samples are roasted in the small covered crucible 
(7) over an alcohol lamp (8). The kit contains a col- 
apsible stand (9) which consists of three parts made of 

erman silver. A crucible support (10) equipped with 
a swivel joint (10a) and an oil lamp (11) fit snugly 
on the stand. It should be noted how well made each 
of these pieces are. 

Generally hardness tests were made on mineralogical 
samples and a knife (12) is provided for these tests. 
For comparisons, minerals having different degrees of 
hardness are at hand in the little wooden box (13). This 
box serves another use as do many of the other in- 
truments in the box. The magnetic and electrical 
properties of minerals are helpful in their analysis and 
o complete equipment is provided for the testing of 
these properties. The top of the box serves as a holder 
or a needle (13a) on which may float freely a jeweled 

agnetic needle (14), or a brass needle (15) which may 
e charged with positive or negative electricity. 

For most of the tests with fluxes the sample must be 
na fine form and so the anvil (2) doubles as a pulver- 
zer, and for fine grinding an agate mortar and pestle 
16) are provided. In Figure 3 the anvil is shown in 
reverse presenting the side which acts as a receptacle 
or the steel pestle (17). 

For examining samples closely we have a double lens 
nagnifying glass (18). A spatula (19) and spoons of 
vory (20) and platinum (21) are also provided. Num- 
ers (22) and (23) are parts of the ivory mouthpiece 
or the blowpipe. Number (24) is a needle holder use- 
ul for many purposes. 

The tray shown at the top of Figure 2 contains most 
{ the special reagents used in blowpipe analysis. Each 
of these reagents is kept in a nicely carved ivory bottle 
vith a screw top. The reagents are still present. 

The symbols for the compounds in the bottles are to 
e noted: the oxygen is written as a dot over the ele- 

ent with which it is supposedly combined. This is the 

kystem of Berzelius and was first put into use in 1814. 
Ve may thus date the kit as having been made some 
ime between 1814 and 1850, for in Booth’s ‘Encyclo- 
pedia of Chemistry,” published in 1850, this system of 
otation had been discontinued. 

The reagents are those used by Berzelius. They are 
alcium sulfate, iron oxide, copper sulfate, borax, lead, 
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copper oxide, copper fluoride, silica and nickel oxide. 


Test papers, metal foils which were used as sample 
supports, and glass tubes are also present. 


In the right-hand portion of the kit are the four main 
fluxes in wooden boxes. These are sodium carbonate, 
sodium phosphate, borax, and potassium nitrate. 
Most of the reactions with the blowpipe were carried 
out on the blocks of charcoal. 


Figure 5 is another view of the contents of the tray 
and the right-hand portion of the kit. Numbers (1) 
and (2) are the fluxes and solid reagents; (3) the various 
glass tubes required in the assay work; (5) a charcoal 
block; and (6) is the metal holder for the charcoal. 
Lead, platinum, and tin foil are represented by items 
(7) and (8). Number (9) is a dropping bottle for co- 
balt solution; (10) platinum wire; (11) litmus paper; 
and (4) consists of small watch glasses, three of glass 
and one of ivory. Finally, item (12) is a bottle of old 
fashioned phosphorus matches which completes the 
kit. 
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A NEW LABORATORY STILL-HEAD 


Tue srii-head of an efficient distilling column 
should permit precise control of the material: distilled 
by providing a means of accurately measuring the 
temperature of distillation, and should allow observa- 
tion of the rate of distillation and control of the-reflux 
ratio. It is also desirable that the still-head provide 
cold distillate, especially when fairly low boiling liquids 
are being distilled. 

The still-head described possesses all these require- 
ments in addition to some other advantages. It con- 
sists of a tube, A (Figure 1), fitted at the lower end with 
a ground-glass joint for connecting it to the column. 
This tube should be thermally insulated. The upper 
end of the tube has a thermometer well, 7, of dimen- 
sions suitable for using a Beckmann thermometer. 
Other means of measuring the temperature of distilla- 
tion, such as a different type of mercury in glass ther- 
mometer, a platinum resistance thermometer, or a 
multijunction thermocouple can also be used. This is 
possible because the thermometer well is usually filled 
with mercury, providing good heat transfer to the 
measuring instrument; thus the relatively large size of 
the thermometer well does not affect the precision of 
the measurement. 

At the upper end of tube A there is a large diameter 
side-tube, K, through which the vapor passes to the 
condenser, C. The condenser is built in the form of a 
coil in a countercurrent cold water bath. The vapor 
enters the upper end of the coil, where it condenses, and 
the condensate cools and flows down to thedrop counter, 
D;. The diameter of the coil tube should be large 
enough to avoid obstructing the coil with condensed 
liquid. Thus there is always communication between 
the thermometer well area in the still-head and the 
tube, Z, connecting the still with the surrounding atmos- 
phere, or with a manostat adjusted to the desired 
pressure. Since the condenser is directed downward, 
the still-head does not require extra height. 

The two drop counters, D; and D2, are hemispherical 
in shape and of the same dimensions, as shown in the 
figure. Therefore the size of drops of a given liquid 
from D, and from D» is the same. Below the drop 
counter D, there is a shallow liquid seal, P, in which a 
layer of the condensed liquid closes this part of the 
still-head, protecting it from contact with vapor which 
otherwise would flow through the connecting tube, L. 
The tube L serves for returning the reflux which over- 
flows the seal to the center of the distilling column. 
P is connected to the stopcock, S, by means of a capil- 
lary tube in order to reduce hold-up in the still-head. 
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Figure 1. Laboratory Still-Head 


The stopcock serves to adjust the rate of withdrawal of 
the distillate which is measured with the drop-counter, 
D2. From the number of drops per minute measured 
with the drop-counter, D,, and the number of drops per 
minute measured with the drop-counter, D2, the reflux 
ratio may be computed. 

The side tube, £, is fitted with a removable funnel, 
F, through which material can be added to the column 
without interrupting the operation of the still. For 

" rectification at reduced pressure, connection is made to 
the vacuum system at point G and at a suitable point in 
the receiving system. 

Regarding the performance of the still-head, it should 
be mentioned that the formation of droplets of conden- 
sate above the main line of condensation, frequently 
encountered with other still-heads, is eliminated with 
this apparatus. In the conventional still-head, these 
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droplets evaporate slowly and contaminate the dis- 
tillate, causing serious difficulty in obtaining sub- 
stances in a high state of purity. 


The still-head described is well adapted to precise 
distillations for the purpose of isolating pure substances 
or azeotropic mixtures. 





MODELS OF A SPIRAL PERIODIC CHART’ 


For A NUMBER of years in the general chemistry 
course at Earlham College a spiral periodic chart has 
been used. At first a perspective drawing of such 
a chart was used but it was difficult for students to 
visualize this chart in three dimensions. Therefore a 
laboratory exercise was instituted in which each student 
constructed such a chart by drawing it on the outside of 
around 5-in. diameter, half-gallon freezer carton. This 
was found to be a great help in understanding the 
periodic relationships. 

Such a chart does not have all of the information 
(atomic numbers, atomic weights, etc.) which are 
usually found on small charts and it is inconvenient 
for the student to carry it with him. Therefore a 
chart with the usual data has been designed which can 
easily be cut out with scissors and assembled as a 
circular cylinder (Figure 1). This chart is stiff enough 
to stand by itself yet the two pieces can easily be taken 
apart and kept in the student’s notebook. 


For classroom use a model of this spiral periodic — 


chart, large enough so that a large class can distinctly 
see its details, has been constructed (Figure 2). Itisa 
circular cylinder 431/2 in. in diameter and 28 in. high. 
This was made by cutting out two circles of */;-in. 
plywood which were reinforced at the edges and across 
the center with 7/;-in. lumber. These two ends were 
joined by 1- X 1-in. pieces of the correct. length. The 
surface of the cylinder was cut from a 4- X 12-ft. piece 
of +/s-in, Masonite. It was bent around and nailed to 
the reinforced edges of the circles. On this were glued 
parts of a wall periodic chart when they were useful 
and the remainder of the material was painted on the 
Masonite surface. 

The fronts of these charts (with the inert gases in 
the middle) show those elements whose electronic struc- 
tures are closely related to the inert gas structures 
without the complication of the transitional elements. 
The periods of these elements are clearly shown in their 
relationship to the inert gas structures. This central 


4. 


a 


1 Presented before the Division of Chemical Education at the 
118th meeting of the American Chemical Society in Chicago, 
April 19, 1948. 
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Figure 2. Classroom Model of a Spiral Periodic Chart 


position of the inert gases is indicated by the atomic 
structure theory because they have electronic structures 
which the neighboring elements attain by gain or loss of 
electrons to form simple ions. In this portion of the 
chart the group (vertical) similarities are most evident. 

The elements are arranged continuously with no 
break on the spiral with increasing atomic number. 
The transitional elements can be thought of as an 
interruption in the successive addition of electrons in 
the outside shell in the later periods. In like manner 
the rare earth elements are an interruption in the 
successive addition of electrons in the next-to-the out- 
side shell in the 32 element periods. This viewpoint 
gives meaning to the horizontal relationships of these 
elements. 

The advantages of this periodic chart are: (1) its 
simplicity, (2) its emphasis on continuity, (3) its loca- 
tion of the inert gases in the middle of the typical 
(main group) elements, and (4) its regular provision for 
the rare earth elements. 
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EMULSION POLYMERIZATION’ 


Tus paper attempts to summarize in a very general 
way the pertinent features of emulsion polymerization 
reactions. Unfortunately, there has been considerable 
controversy concerning certain theoretical aspects of 
emulsion polymerizations, most notably, perhaps, those 
involving a consideration of the loci in which polymeri- 
zation occurs. Such conflicts in theory have arisen 
largely because of unwarranted generalizations to all 
emulsion polymerizations of data obtained from a 
study of a particular system. The author claims little 
originality in the ideas presented. He has merely sum- 
marized current views of emulsion polymerization theory 
and interjected a certain amount of “editorial” com- 
ment. 

About the only thing common to all emulsion poly- 
merization systems is a multiplicity of phases. Usually 
the continuous phase is aqueous and usually a water- 
soluble emulsifying agent is present. On the other 
hand, methods for chain initiation and chain termina- 
tion vary widely in different systems, and each particu- 
lar system must be examined in great detail before con- 
clusions can be drawn relative to reaction mechanisms 
and loci. Considerations of paramount importance 
are: (a) the nature of the emulsifying agent used, 7. e., 
whether or not solubilizing micelles are present; (6) 
the nature of the system used for generating initiating 
free radicals; and (c) the nature of the chain-transfer 
agent if such is employed. Depending upon factors (a) 
and (b), the predominant locus of the polymerization 
may be in the micelles (early stage of GR-S polymeriza- 
tion), in true water solution (hydrogen peroxide ferrous 
ion catalyzed polymerization of acrylonitrile), or in the 
monomer phase (benzoyl! peroxide catalyzed polymeri- 
zation of methyl methacrylate in the absence of solu- 
bilizing micelles). 

The loci of most emulsion polymerizations are not as 
obvious as those cited. Usually several loci are of im- 
portance. In addition to the micelles, the true water 
solution, and the oil phase mentioned above, the poly- 
mer particles themselves containing dissolved monomer 
become important loci for polymerizations initiating in 
micelles or aqueous solution. Although the oil water 
interface may be a locus for generating initiating free 
radicals, as Harkins (7) has pointed out, it can scarcely 
be considered a locus for chain growth. 

Most emulsifiers used in emulsion polymerization re- 
actions (e. g., fatty acid soaps, fatty alcohol sulfates, 
aliphatic sulfonates, and alkylated aromatic sulfonates) 

1 Presented before the Division of Chemical Education at the 


112th Meeting of the American Chemical Society, New York 
City, September, 1947. 
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form solubilizing micelles. Consequently, the general 
picture prevailing in most emulsion polymerizations is 
that given in Figure 1. Different emulsion polymeriza- 
tion systems vary chiefly in the nature of the chain 
initiating and chain terminating factors. The oil and 


water solubilities of initiator and terminator ingredients 
are important in determining polymerization loci and 
the molecular weight of the polymer. 


CHAIN INITIATION 


It is now well established that emulsion polymeriza- 
tions proceed by a free radical mechanism (2). Initia- 
tor systems are those which generate free radicals at a 
controlled rate. The radicals thus generated initiate 
polymer chains primarily through addition to a mono- 
mer molecule (R: + _M—RM-). However, a second- 
ary method of initiation is believed to nvolve dehydro- 
genation of a monomer molecule by a radical (R- + M 
— RH +M’>-). 

“Catalysts” for mass free radical polymerizations are 
oil soluble peroxides, diazoamino cempounds, diazo 
thio ethers and the like. Such materials are also used 
in emulsion polymerizations. However, emulsion sys- 
tems in addition permit the use of water soluble ‘‘cata- 
lysts’” and combinations of water soluble and oil soluble 
initiator ingredients. 

A few typical reactions by means of which free radi- 
cals are generated in emulsion polymerizations are sum- 
marized in the following outline: 


1. Thermal Decompositions 


O 
I | 
(a) R- boob 2x0. +> 2R- + 2C0: 
(b) ROOH — RO- + OH- 
(c) R-N=N—S—R’— R- + R/S: + N: 


“Catalyzed” Decompositions 


O O O 


| | | 
(a) r—b_o-o-t_R + Fe++— a + 


I 
R—C—O- + Fet*t 
(b) H.O. + Fe++ + OH: + OH~ + Fett* 
(c) R—N=N—SR’ + Fe++—R- + RS~+ Fe*** +N. 
3. Single Electron Oxidation-Reduction 
(a) K2S.0, + RSH — RS: + SO,-- 
SO,-- + OH- — OH: + SO.- 
(b) eae + K.8,0; > aes. a a 
- + OH- — SO," 
28203 - — 8:06 


O 


+ KHSQ, + Kt 
ob 8,0;7- + 2K* 


Most of the above reactions have been studied suffi- 
ciently to indicate that the courses shown are at least 
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Figure 1. Situation Prevailing in Emulsion Polymerizations Where 
the Emulsifier Forms Solubilizing Micelles ‘) (after Harkins') 


probable (3). Certain of the reactions occur in a single 
phase while others involve ingredients substantially in 
different phases. Thus, the locus of free radical genera- 
tion may be (a) the oil phase, (b) the true aqueous 
phase, (c) the oil-water interface, or (d) the micelles. 

When the free radicals are generated by thermal de- 
composition of an oil soluble component such as benzoyl 
peroxide or a diazo thio ether, the locus may be either 
the oil phase or the micelles since such oil soluble com- 
ponents are distributed between the oil phase and the 
micelles. Free radicals may be generated in true water 
solution either through decomposition of a water soluble 
ingredient or single electron oxidation-reduction involv- 
ing two water soluble ingredients. When such an 
oxidation-reduction involves an oil soluble and a water 
soluble component as in the mercaptan persulfate sys- 
tem, the locus may be the oil-water interface or the 
micelles. For reasons set forth below, the more impor- 
tant locus is believed to be the micelles. 

In the absence of solubilizing micelles, the reaction 
between dodecyl] mercaptan and potassium persulfate is 
very slow. In the presence of micelles the reaction is 
rapid. This demonstrates the powerful influence of 
micelles on the important initiating reaction involved in 
the production of GR-S synthetic rubber. However, it 
does not prove that the micelles are actually the reac- 
tion locus since they may merely influence favorably an 
oil-water interfacial reaction. In this connection, it is 
revealing to consider the relative areas of the oil-water 
interface and the total area of the monomer solubilized 
in the micelles. Considerations offered by Harkins (/) 
are useful in making these calculations. Consider, for 


example, a typical emulsion polymerization system com- , 


prising 100 parts monomer of specific gravity 0.7 and 
180 parts water which is 0.1 N in potassium oleate. 
The low critical concentration of ‘potassium oleate 
makes it possible to neglect the amount of soap in iso- 
tropic solution. If the assumptions are made that the 
oil droplets are covered by a monolayer of adsorbed 
soap molecules, each molecule occupying’ 24 sq. A of 
the interfacial area, and the remainder of the soap is in 
the form of micelles, it becomes a simple matter to 
calculate the relative areas of solubilized oil and oil 
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droplets for emulsions of varying average particle 
diameters. 

Harkins suggests that the area of the solubilized oil 
layer in the micelles (2) is given by the following equa- 
tion: 


= = 28 X N/2 sq. A. 


where 28 represents the area produced by each double 
soap molecule and N is the total number of soap mole- 
cules in the micelles. Since the solubilized oil layer in 
the micelles has two sides, the total available area of the 
solubilized oil is 28 N. Consequently, the ratio of the 
monomer interfacial area in the micelles to the monomer 
interfacial area in the droplets is given by 


>) 
i= (area single droplet) (number droplets) — 
Ne is ae ee 
(wd®)(140 X 104) /(wd#/6) 3 X 10% 





where d is the average particle diameter expressed in 
Angstrom units. N is equal to the total number of 
soap molecules charged (0.018 X 6.06 X 10?) less the 
number required to form a monolayer on the oil drop- 
lets (3.5 X 10%)/d. Thus, VN = (10.9 X 1074d—3.5 X 
10%5)/d where d is still expressed in Angstrom units. 
There is then obtained for the ratio of the areas: 


_ 10.9 X 10%! d — 3.5 X 10% 


‘e 3 X 1075 





Expressing d in microns gives R = 3.64d—1.17. Cal- 
culating the value of the ratio for varying droplet aver- 
age diameters gives the following results: 
Average droplet diameter Ratio of area of oil in micelles 
(microns) to area of oil droplets 
0.32 
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A stable emulsion of a hydrocarbon in 0.1 N potas- 
sium oleate solution has an average particle diameter of 
one to two microns. The presence of electrolyte de- 
creases the stability of this type of emulsion with a con- 
sequent increase in particle diameters. The polymeri- 
zation system described above does not form a stable 
emulsion even when the agitation is fairly violent. 
Layering of the oil occurs within a few minutes after 
agitation is stopped. The average particle diameter is 
thus probably larger than two microns. In any event, 
the available area of oil in the micelles is certainly 
several fold greater than the area at the droplet inter- 
face and, in all probability, it is many fold greater. In 
a polymerization of this type, the concentration of 
mercaptan in the solubilized monomer in the micelles is 
roughly the same as its concentration in the oil droplets. 


-Thus, it is evident that the great majority of free radi- 


cals in this system is generated in or on the micelles. 
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Thus far, attention has been given to free radical 
generation. If the free radicals are hydrophobic (e. g., 
dodecyl mercapto), chain initiation occurs either in the 
oil phase or in the micelles, the relative importance of 
the two loci depending largely upon the locus of genera- 
tion of the radicals. However, it should be borne in 
mind that the initially generated free radical may not 
be the actual chain intiator. For example, a hydro- 
phobic radical (R.) might react with water at an inter- 
face to produce the hydrophilic hydroxyl radical. 

When hydrophilic radicals are produced in the pres- 
ence of water soluble monomers, chain initiation occurs 
predominantly in true water solution. In the absence 
of water soluble monomers, hydrophilic radicals may 
initiate chains at the droplet or micelle interfaces. 
However, the great “activating” effect of water soluble 
monomers in systems in which hydrophilic radicals are 
generated indicates the comparative inefficiency of such 
interfacial reactions. 


CHAIN GROWTH 


Chain growth occurs substantially in the locus of 
chain initiation. As pointed out above, this may in- 
-volve the oil phase alone as in the benzoyl peroxide cata- 
lyzed polymerization of styrene in the absence of solu- 
bilizing micelles; it may involve the true water solution 
as in the hydrogen peroxide-ferrous ion polymerization 
of acrylonitrile; it may involve the micelles as in the 
early stages of the GR-S polymerization; or it may in- 
volve the polymer-monomer particles as in the later 
stages of the GR-S polymerization, and also in the later 
stages of the above-mentioned acrylonitrile polymeriza- 
tion. 

It is obvious that the chain growth locus depends 
upon many factors, and conclusions should be drawn 
concerning loci only after careful analysis of all impor- 
tant factors. Certain criteria are particularly useful in 
determining chain growth locus. One of the most force- 
ful methods for differentiating between polymerization 
in the oil phase and in the aqueous phase is that of visual 
observation under a microscope. This technique was 
introduced by Vinograd, Fong, and Sawyer (4). When 
a droplet of oil is placed in a small amount of soap solu- 
tion and viewed under a microscope, the diameter of the 
droplet can be observed to decrease linearly with time 
as the oil diffuses into the soap micelles. When a mono- 
mer containing a small amount of mercaptan is used as 
the oil droplet and the soap solution contains dissolved 
persulfate, turbidity appears in the aqueous phase as 
polymer forms and the monomer droplet eventually dis- 
appears (Harkins (1)). This is powerful visual evi- 
dence against the oil phase as polymerization locus in a 
mercaptan-persulfate system in the presence of micelles. 
On the other hand, however, the same technique proves 
the oil phase to be the polymerization locus for the ben- 
woyl peroxide catalyzed polymerization of styrene in the 
absence of micelles. In the latter example, the mono- 
mer droplet is converted into a polymer particle. 

Evidence in favor of the aqueous phase (micelles) as 
the important locus for mercaptan-persulfate initiated 


systems is obtained by examination of the oil phase at 
conversions up to 50 per cent. When agitation is 
stopped the unreacted monomer (except for that dis- 
solved in the polymer particles in the aqueous phase) 
forms a layer at the top of the reaction mixture. This 
layering occurs within a few minutes and the monomer 
separating contains no dissolved polymer. If poly- 
merization were occurring in the oil phase, such separa- 
tion of pure monomer could not occur.! 

A third line of evidence bearing upon chain growth 
locus is the particle size of the latex produced. When 
an oil phase polymerization occurs in the absence of 
micelles, large polymer particles approaching the aver- 
age diameter of the original oil droplets are obtained. 
On the contrary, the latex average particle diameters 
from mercaptan persulfate initiated systems in the 
presence of micelles are quite small (400-1200 A.). 
The x-ray data of Hughes, Sawyer, and Vinograd (7) 
and of Harkins, Mattoon, and Corrin (8) prove quite 
conclusively that micelles can serve as chain growth loci. 
However, this evidence is less diagnostic than that 
cited above in proving the most important loci under 
actual emulsion polymerization conditions. 

An additional important experimental approach to 
establishing chain growth loci is the effect of varying 
types of chain transfer agents on the molecular weight 
of the resulting polymer. For example, if equivalent 
amounts of normal dodecyl mercaptan and normal hexa- 
decyl mercaptan are compared as modifiers in a GR-S 
recipe, the polymer resulting from the dodecyl mercap- 
tan recipe is of very much lower molecular weight than 
that from the hexadecyl mercaptan recipe. If poly- 
merization were occurring in the monomer phase, the 
molecular weights should be equal since the two mer- 
captans have been demonstrated to have equivalent 
inherent chain transfer efficacies (9). The answer lies 
in the extremely slow rate of diffusion of the Cis mer- 
captan from the monomer phase to the chain growth 
locus in the micelles or in the polymer-monomer par- 
ticles (9). As mentioned previously, it is scarcely per- 
tinent to consider the oil-water interface as the chain 
growth locus. 

Finally, it might be mentioned that copolymer com- 
position as a function of monomer charge ratio has been 
used as a criterion for chain growth locus. If one 
monomer is more water soluble than another, the mono- 
mer ratios in the oil phase and in true aqueous solution 
would be quite different. Fordyce and Chapin (10) 
carried out emulsion polymerizations of varying mix- 
tures of styrene and acrylonitrile and found the compo- 
sitions of the copolymers produced in the early stages of 
conversion to be similar to those of comparable mass 
polymerizations. The same results were obtained when 
the catalyst was either benzoyl peroxide or potassium 





1 The initial suggestion that chain growth of certain emulsion 
polymerizations may occur in the aqueous phase was due to 
Fikentscher (5). Subsequently, many investigators have ad- 
duced evidence for aqueous phase polymerizations. Special 
mention should be made of the work of Fryling and Harrington 
(6) and of Harkins (1). 
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persulfate. ‘The conclusion is made that emulsion poly- 
merization occurs “within the oil droplet or at its inter- 
face’’ when either an oil soluble or a water soluble cata- 
lyst is used. 

It is true that this work indicates that the polymeri- 
zation did not occur in true aqueous solution. How- 
ever, this approach does not distinguish between oil 
phase polymerization and polymerization in the micelles 
(solubilizing micelles were present in the Fordyce and 
Chapin experiments). Since distribution equilibrium of 
monomers in the micelles is established rapidly, the 
monomer ratios in the micelles would be very close to 
their ratios in the oil phase. 

In a later publication (71) Fordyce recognized that 
the previous experiments did not differentiate between 
the oil droplets and the micelles as loci and redefined 
the term ‘‘oil phase’”’ to include monomer dissolved in 
the micelles. This extension of the well-known conno- 
tation of the term ‘‘oil phase” in emulsion polymeriza- 
tions is scarcely warranted. 

The Fordyce and Chapin polymerizations may well 
haye occurred in the oil phase (monomer droplets), but 
it remains to be established by other criteria. Alsop 
similar experiments might be carried out with diene 
monomers since the vinyl monomers used are inherently 
more susceptible to oil phase polymerization. 


CHAIN TERMINATION 


Chains may be terminated by chain transfer, radical 
combination, or disproportion according to the follow- 
ing reactions: 


(1) Chain Transfer M,- + RH ~ M,H + R- 
(2) Radical Combination 2Mn+ — Man 
or Mn: abe R- ~~ n 


(3) Disproportionation HM,- — M, + H- 


When free radieals are generated relatively slowly and 
an efficient chain transfer agent such as an aliphatic 
mercaptan is present, practically all chains are termi- 
nated by transfer. These conditions are met in GR-S 
polymerization. Snyder and coworkers (12) and Wall 
and coworkers (1/3) have demonstrated that there is 
approximately one atom of sulfur per molecule in mer- 
captan modified emulsion polymers produced in mer- 
captan-persulfate initiated systems. The mercaptan is 
consumed primarily by chain transfer since very little 
persulfate is consumed during the polymerization. 

The successful demonstration of the chain transfer 
mechanism in the GR-S system has led to a-rather wide- 
spread belief that chain transfer is the sole mechanism 
by which modification in emulsion polymerizations is 
achieved. However, low molecular weight polymers 
are obtained with very low concentrations of chain 
transfer agents when free radicals are generated very 
rapidly in the polymerization mixture. The ratio of 
sulfur atoms to the number of molecules is much less 
than one in mercaptan modified “redox” recipes. It 
seems quite certain that in such recipes a large propor- 
tion of the chains are terminated by combination of the 
growing chain radicals with free radicals produced in 


JOURNAL OF CHEMICAL EDUCATION 


the redox system and with each other.? Disproportiona- 
tion is possibly also a chain terminating factor although 
experimental evidence bearing upon this question is 
inadequate. 

The locus for chain termination must, of course, be 
the locus of chain growth. In bulk polymerizations, 
modification is controlled simply by the concentration 
of the chain transfer agent. The same consideration 
applies to emulsion polymerizations occurring in the oil 
phase. However, modification in polymerizations such 
as GR-S in which the reaction occurs primarily in the 
micelles and the polymer-monomer particles is a con- 
siderably more complicated process and may depend 
upon the rate with which the chain transfer agent diffuses ° 
from the oil phase to the chain growth loci (18). 

Modification of GR-S is achieved satisfactorily 
through the use of dodecyl mereaptans or mercaptan 
mixtures averaging about Cy. Mercaptans of higher 
molecular weight may also be used under conditions 
encouraging more rapid diffusion from the oil to the 
aqueous phase, 7. e., vigorous agitation, higher pH, and/ 
or higher mercaptan concentration. Low molecular 
weight mercaptans tend to produce over-modifica- 
tion because of too high concentrations in the chain 
growth loci. However, they can be used with certain 
very rapid recipes where the polymerization “keeps 
ahead” of the mercaptan, or in polymerizations carried 
out at low temperatures where the mercaptan diffusion 
to the polymerization loci is slower. 
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2 “Redox” recipes involve an initiating system comprising an 
oxidizing agent, a complex metallic catalyst, and usually a re- 
ducing agent. In such systems, free radicals are generated ex- 
tremely rapidly through reaction of the oxidizing agent with the 
reduced form of the metal catalyst. It is not entirely clear as to 
the originators of redox polymerizations since several groups were 
working simultaneously and independently in this field. It would 
appear that the earliest American’ investigators of this type of 
system were Stewart (14) and Fryling (15). I. G. Farbenin- 
dustrie chemists in Germany had also developed redox poly- 
merization systems, some of which were substantially faster than 
those described by Stewart and Fryling (16). Simultaneously 
various British investigators, notably R. G. R. Bacon and L. B. 
Morgan were studying polymerizations which they termed ‘‘re- 
duction activation” (17). 

(Continued on page 146) 





REPORT INDEXING BY PUNCHED CARDS 


INTRODUCTION 


Recent study of the index situation in the Develop- 
ment Department of Bakelite Corporation at its Bound 
Brook, New Jersey, plant has led to devising indexing 
plans which are different in some particulars from any 
which are available in published form. The starting 
point for these plans was a group of objectives including 
the following: 


Index now the following kinds of reports: 
A. Weekly, each report containing mixed sub- 
jects 

B. Special, each report on a single subject 

Provide now for later indexing of: 

A. Reports of customer calls 

B. Patents 

C. Periodicals — 

D. Books 

E. Trade literature 

F. Correspondence 

Provide for substantial future growth without 
having to change the system. 

Provide assurance that all the information re- 
quested will be found if it is there. 

Do the above at minimum cost, considering par- 
ticularly cost related to future size of the index. 


As physical means involved with these objectives, it 
was considered necessary to use cards, and three kinds 
of card systems were studied: 


Ordinary alphabetically filed cards (see Figure 1) 

Punched cards, Keysort or equivalent (see Figure 
2) 

Punched cards, IBM or equivalent (see Figure 3) 


This consideration resulted in choosing the IBM type of 
punched cards as best meeting the objectives desired. 


DETAILS OF PUNCHING CARDS 


IBM punched-card principles and machines are 
well known in accounting circles. They have been 
recently described! in general terms for chemists, and 
in detail for certain applications of broad chemical 
interest.2 The present article is intended to be of 
maximum interest to persons who desire to provide 
themselves with punched-card indexes in much nar- 
tower but specialized fields. Details of punched-card 
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principles are given here only to the extent of showing 
how the details are used to build an index plan. 

The card measures 3'/, in. high by 7%/s in. wide (see 
Figure 4). In it, rectangular holes 11/2 mm. wide by 
3 mm. high are punched by the user. The locations on 
the card in which holes may be punched are fixed, and 
arranged in 12 horizontal rows counting along the 
31/, in. dimension, and 80 columns counting along the 
73/; in. dimension. All holes punched are identical in 
size and shape, but are given meaning by their location 
in any one of the possible 960 positions. 

In each column, the lowest hole location when 
punched indicates the digit 9, the next location up repre- 
sents 8, the next 7, and so on up to 0. The next two 
locations may be thought of as holes 11 and 12, which 
may be punched to give special meanings to the other 
holes punched in the same (or other) columns. 

With numbers represented by punching one hole- 
location per column, letters may be represented by 
punching two hole-locations per column. Locations 
12, 11, and 0 are used along with one of the other loca- 
tions from 1 to 9 to indicate the letters from A to Z. 
For example, A is represented by holes 12 and 1, B by 
12 and 2, J by 11 and 1, S by 0 and 2, ete. 

The cards have only one size and one punching ar- 
rangement, and are provided unpunched but with hole- 
locations sometimes indicated by printing. Special 
printing may also be had as desired to assist the user 
of the card in interpreting the meanings of the holes. 

Because of the fact that either numbers or letters 
may be punched, it is possible to put any information 
onto the card as punched holes, but only to the extent 
of one character in each of the 80 columns (see Figure 
5). For economical use of the card, therefore, it is 
usually desirable to convert words and phrases to 
single numbers or letters, and codes can be made up 
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Figure 1. Alphabetically-filed Index Card 
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Figure 2. Keysort Index Card 


for translating information to and from numbers and 
letters. By this means, much more information can 
be packed onto the card. 


CODES FOR PUNCHING CARDS 


A simple code for a group of related subjects not over 
12 in number can be made up to be used in one of the 
columns by punching one number for each subject. 
If more than 12 subjects are to be indicated, the code 
may be in letters and extend to 26 subjects by use of 
two holes per column. If more than 26 subjects are 
to be coded, two adjacent columns may be assigned, 
and by writing together the digits punched in these two 
columns, any number up to 99 may be indicated. 
Similarly, a pair of letters in two columns can be coded 
into 26 squared, or 676 items. By continued extension 
into more columns, the capacity for coded information 
may be multiplied again for each added column, by a 
factor of 10 for numbered codes or 26 for lettered codes. 
Each such group of columns carrying the punched holes 
of one code may be called a “field.” Thus the whole 
card, as one field, has a theoretical coded capacity in 
numbers of 10 to the 80th power, or in letters 26 to the 
80th power, which is about equal to 10 to the 113th 
power. In practice the capacity is much less, though 
ample, because of dividing the card into fields which 
breaks the chain of multiplication, and because of the 
necessity of allocating space for future extension of the 
code within each field. 


COMPARISON WITH ACCOUNTING CARDS 


General accounting uses of punched cards, and also of 
at least one specific chemical use,? involve using some of 
the punched columns to identify the source of the in- 
formation contained on the card, and using the bal- 
ance of the columns to punch direct data. In account- 
ing use, the data-punched holes actuate machines which 
tabulate the data, add and print totals, write checks, or 
do other accounting operations. For chemical index 
use, the holes punched for numerical values or coded 
properties can be used for finding cards on compounds 
of desired specific properties. 

By contrast, the index about to be described puts no 
data into punched holes, but instead uses the holes to 
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describe the kind of data which will be found written 
on the cards. The holes serve only as means of find- 
ing cards containing written data of the wanted kinds, 
No tabulations from punched holes are made. There- 
fore, as compared with the three standard accounting 
operations of punching, sorting, and tabulating, this 
index uses only the punching and sorting. Furthermore, 

since no cards need be arranged in sequence, the sorting 
machine is used to select rather than arrange. 

Aside from standard printing, a card (see Figure 3) 
contains the following information: 


1. Typewritten references to the source, such as 
date, author, plant where the author worked, 
and file in which the original report may be 
found. 

2. Typewritten titles of subjects by which the card 
may be found. 

3. Punched holes, corresponding to both 1 and 2 
above, as means of finding the card. 

4. A typewritten abstract of the information given 
by the report. 


CODING AND DECODING 


A card containing an abstract of information, for ex- 
ample about “electrical resistance,” will be punched 
to show that electrical resistance is the subject—the 
actual resistance data will be typed on the card. All 
the data and references will be typed on the card, and 
some of the references (those used for finding the card) 
will be punched. Therefore, although it is necessary 
in preparing the card to translate the information in 
the report to a punching code, it is not necessary after 
the card is found to retranslate the punched holes back 
to written information, since all the information is al- 
ready there in written form. The card with punched 
holes may therefore be read in the ordinary manner by 
the person who requested the information, just as 
though no coding or punching had been necessary. 
Understanding and use of the codes and punched holes 
is required only of the few people who operate the index. 


SORTING BY PUNCHED HOLES 


It was mentioned above that the holes punched in 
the card are part of the finding mechanism. The other 
part of the mechanism is the sorting machine (photo 
in reference 1), which is fed with a stack of punched 
cards and rapidly passes them singly under an electrical 
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Figure 3. IBM Index Card 
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Figure 4. Hole Locations for Numbers and Letters 

brush, which feels through the holes and directs the 
mechanism to deposit the cards in various pockets on the 
machine, according to which hole-location was punched. 
The usual progress of the card in the machine is such 
that the brush feels along one column, first for the 9 
hole, then the 8, 7, 6, ete. As soon as the brush finds a 
hole, the electrical contact made through it sets the 
mechanism to deposit that card in ‘a pocket which re- 
ceives only the cards with that particular hole punched. 
Since there are 12 holes per column, there are 13 pock- 
ets (one for blanks). Contact through a subsequent 
hole in the column has no effect on the sorting. 

The brush may be set to act in any desired column, 
and that column is chosen by the indexer who refers to 
a code for the desired information. This code tells 
under “electrical resistance,” for example, which column 
and which number in that column have been punched 
to indicate electrical resistance data. If “electrical 
resistance’ happens to be coded as number 19 in 
columns 53 and 54, the sort for data must be made for 
hole 1 in column 53 and hole 9 in column 54. The sort 
may be made in reverse order if desired. 


DESIGN AND USE OF CODES 


Before the content of the card can be completely 
planned, it is necessary to know first what kinds of in- 
formation will be indexed, and that is determined not 
by the indexer but by what the authors put into their 
reports. This is to a certain extent determinable by the 
record of what they have been reporting and further by 
the list of projects authorizing future work. It is 
necessary for the indexer to use his imagination as to 
what kinds of questions will be asked. A judicious 
combination of report content, projects in hand, and 
anticipated type of questions will set the plan for which 
punching codes will then have to be built. In making 
the outline of the plan, it is necessary to exclude from 
the punching codes all items which are not to be used 
as means of sorting cards. 

For the present indexing plan, it was decided to pre- 
pare for answering questions in the technical fields 
shown in Table 1, and punching codes have been pre- 
pared for each field indicated. 

Cards referring to electrical resistance, as an example, 
may be found by use of the code and punched holes of 
the B group (Table 1) and proper setting of the sorting 
machine will cause it to discard all cards not containing 
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information on electrical resistance, leaving for con- 
sideration a pack of “resistance” cards, which may be 
of considerable size. The inquirer, however, will 
ordinarily not want all these cards but perhaps only the 
ones referring to a single product by sales number. 
Accordingly, the number of “resistance” cards is now 
reduced by sorting in the E group to select for the prod- 
uct sales number. The objective of the inquirer may 
be further limited; for example, he may wish to know 
something about the effect of a certain colorant on the 
electrical resistance of a certain product, in which case 
the reduced pack of cards may be re-sorted in the raw 
material field for the colorant. Perhaps the search re- 
lates to a development for a certain customer, in which 
case a further selection may be made by customer’s 
name. In cases where the inquirer knows the name of 
the man who would have reported the information, or 
that the work was done in a certain year, still further 
selections in the same manner may proceed, using the 
punched holes designating the source of the informa- 
tion. In this fashion, the whole number of cards is 
treated by repeated selections until the number is so 
small that the amount of nonpertinent cards to be read 
with the pertinent ones is unimportant. 


SOME ADVANTAGES OF PUNCHED CARDS 


Suppose, for example, that with all the limitations 
applied in selecting cards, the pack under consideration 
was finally reduced to one card. According to Table 1, 
this one card can be found by any one or any combina- 
tion of the approaches A to G in the table. This is 
equivalent in an ordinary card index to finding a dupli- 
cate card in any one of seven alphabetical places in 
which a cross-index card of the usual type would have 
been filed. Thus in one punched card, the holes can 
produce the equivalent of seven alphabetical cross- 
index cards not punched. 

Since not all kinds of information will occur together 
on every card, the average ratio of numbers cards in the 
two systems will be less than seven to one, and is es- 
timated for this application at approximately five to 
one. This ratio is important in terms of file space re- 
quired. 

A simple example of why the ratio is mot seven to one 
may be given. If a reporter is testing raw material by 
making a sample lot of product, he will undoubtedly 
use processing which is standard for that kind of prod- 
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uct. Although there is coding for such processing, it is 
not pertinent information when raw material testing is 
done, since for such work the processing must be held 
to a standard, therefore the processing section of the 
index card is left blank. Likewise, other work reported 
on the subject of processing is necessarily coded and 
indexed under processing, but to really evaluate proc- 
essing, standard raw materials would have to be used. 
In this instance, the raw materials would not be per- 
tinent information and therefore the raw material sec- 
tion of the card would be left blank. 

In further comparing alphabetical filing to the 
punched-card scheme, take as example a thousand cards 
dealing with electrical resistance, all of which lie to- 
gether in the alphabetical file. These of course are 
found rather quickly under “E” or “R”, maybe both 
places, but from that point some person has to read 
every one to make the required further selections as to 
product, raw material, customer, etc. By this punched- 
card system, these thousand cards are “read” by the 
sorting machine at the rate of 400 cards a minute. 


NEED FOR GROUPED CODING 


In considering an imagined set of questions to be 
answered by the present index, it was found that ques- 
tions of general scope would have to be answered, as 
well as those more specific and detailed. In the “Tested 
Properties and Work on Testing. Procedures’’ field (B 
group of Table 1), the question might be to furnish data 


on all types of electrical tests, not just electrical re- 
sistance tests. Assuming the code number assignments 
had been made at random, in a field allowing for 999 
tests, each test would be coded as a 3-digit number and 
would require 3 sorts, one on each of the 3 columns in 
the field. ‘Assuming there were 8 different electrical 
tests this would mean 3 sorts for each, to a total of 24 
card runs on the sorting machine. After each group 
of 3 runs for one code number the entire remaining 
group would have to be sorted again for the next 3-digit 
number. . 

The method would be different if the field of tests had 
been originally divided into groups, one of which was 
electrical (see Table 2). In the present index, tests 
occupy a 6-column field divided into 3 sections of 2 
columns each, and all electrical tests are coded as group 
number 05 in the two columns of the first section. Now 
it is only necessary to sort on the second of these two 
columns for digit 5, and the cards falling in pocket 5 
will be those coded 05, 15, 25, 35, etc. Cards falling in 
other pockets cannot contain any electrical ‘test infor- 





TABLE 1 


Technical Fields 
Processing, general and specific. 
Tested properties and work on testing procedures. 
Types of product, by general description. 
End uses, general and specific. 
Product sales numbers. 
Customers’ names. 
Raw. materials, by general classes and specific substances. 
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TABLE 2 


General types of tests 


erie procedures—Organic 
ical procedures—Inorganic 
Cond tioning and preparation of samples and reagents 
finitions and nomenclature 
Breil tests 
Customer processing, except molding behavior 
Hardness tests 


Mechanical tests 

Molding behavior tests 

Optical tests 

Physicochemical tests 

Permanence tests 13 
Size and weight measurements................0.ee0eee0-- 14 
Thermal tests 

Rheological tests 

Miscellaneous tests 








mation and are therefore immediately removed from 
further consideration. The next sort is on the first of 
the”two columns, using only the cards from the 5 pocket 
obtained in the first sort. Those which fall in the 0 
pocket are the ones wanted, and the only ones wanted. 
The grouping results not only in much less time spent 
in sorting cards but also much less wear on cards. 

If a single specific test with a 6-digit code number has 
to be found, there is no advantage in grouping tests, 
since a single sort on each of the 6 columns would be 
required in any case. However, each of the 6 sorts 
would result in reducing the number of cards to be re- 
sorted on another column. 

These examples point toward the real objective in 
finding facts in the index. Without selection by mechani- 
cal means or without some kind of sequence filing, 
such as alphabetical, the task of finding the wanted 
cards would be one of reading all the cards in the index. 
The present finding scheme is therefore to be looked 
upon as essentially one of reducing the number of cards 
which have to be read. It is therefore important to plan 
the codes so that each sort discards the maximum 
number of cards from further consideration. 

As a principle useful when grouped information is 
requested, grouped coding will help do this. The ex- 
ample above shows that sorting once on each of two 
columns will bring out all electrical tests when such 
tests have been coded as a group. 


PLANNED SORTING 


In certain instances, close inspection of the problem 
will give further help, and by way of example the prob- 
lem of finding all electrical tests, main group 05, will be 
used again. In the Tested Properties field, (Table 2) 
the first two columns contain at present specific groups 
numbered from 01 to 16, and a miscellaneous, coded as 
99. The digits which actually occur in the second 
column of this group-field are therefore 1,2,3,4,5,6,7,8, 
9, 0,1,2,3,4,5,6, and 9. In this series, there are two 5's 
out of the whole number of 17 digits, so that by select- 
ing 5’s it is possible on the first sort to discard 1/,7 or 
88 per cent of the coded test groups, leaving only 12 
per cent for the second sort. The digits which actually 
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Figure 6. Numerical Code Arrangement 
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occur in the first column of this group-field are 0,0,0,0, 
0,0,0,0,0, 1,1,1,1,1,1,1, and 9. In this group there are 
nine 0’s out of the whole number of 17 digits, so that by 
selecting 0’s on the first sort it is possible to discard 
only 8/17 or 47 per cent of the coded test groups. These 
calculations had to assume there would be an equal 
number of cards in each group. If that is known not to 
_ be the case, there is then an opportunity for the further 
use of ingenuity in planning shortcuts of sorting. 

These figures are illustrative of a further necessary 
principle, which is that of allowing room for future ex- 
pansion. It is important to have plenty, in order to 
avoid having to rewrite a large set of cards in order to 
accommodate outgrown codes. 

If for good reason it is decided to code a field in 
numbers, and if 12 numbers are not enough the next 
available unit is 99 numbers, and when that is not 
enough, 999 is the next available group size. Thus it 
happens that when sometimes a 20 or 50 percent 
allowance for future capacity is considered plenty, the 
10-multiplication which occurs when a column has to 
be added provides 600 or 800 per cent future capacity. 


ITEMS NOT CODED 


Labor is required, not only to construct but to use a 
code, therefore coding should be applied only where 
necessary. For example, the coding of authors could 
be done by assigning to each author’s name a number 
which would be punched. The indexer would have to 
refer to the code every time a report was indexed and 
again every time an author-sort had to be made. Such 
reference to a code would not be necessary if the 
author’s name were spelled out in punched letters. Use 
of the name direct and complete would be neither 
satisfactory nor necessary for long names, since it has 
been found in typical name lists that the first four or 
five letters will make a nearly complete separation. 
Among the people indexed here the first four letters. of 
the last. name gave a number of duplications, especially 
SMIT. A change to use of the first letter of the first 
name followed by: the first three letters. of the last name 
eliminated all duplications (about 10) in a list of akout 
%) Bakelite authors. 

For indexing names, letters have the advantage that 
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. no codiiig is required. For all indexing, they have the 


disadvantage that the two holes per column require 
two sorts per column. Therefore the choice between 
numbers or letters for a code may have to be a com- 
promise. 

CONTINUOUS CODING 


In a-system of the type described, it is not possible 
to complete an index card unless and until all the items 
to be indexed are in the code. It is therefore necessary 
for the index personnel to make immediate new addi- 
tions to the codes as fast as new subjects come up. This 
means that any code used in a given index may start 
the same as the code in another index, but will not con- 
tinue that way. It also means that the code will never 
grow faster than the actual need occasioned by the 
items indexed. Codes made and handled in this way 
will never be finished and complete but must be con- 
tinually altered and adjusted as new subjects come up. 

In the present instance some of the codes have been 
made up to contain all the items of that code field which 
could be found in past work. On the other hand, the 
raw material field is the extreme example of building a 
code continuously, starting only with classifying groups. 
Here a start might be made by assigning numbers to a 
complete chemical dictionary, but the result would be 
coding of a long list of substances most of which would 
never turn up in reports. Instead, the raw material 
code is being written on a current basis by assigning 
numbers to raw materials only as and when they be- 
come the subjects of reports. Such continuous code- 
building should not be attempted unless it can be 
known in advance that the code will still be an orderly 
one years hence. This calls for careful prestudy of the 
grouping. 

This procedure on raw materials illustrates in a small 
way the difficulty of using a single universal code for 
all technical indexes, as many librarians concerned with 
very broad technical subjects feel constrained to con- 
sider. Any such code containing enough variety to 
suit a large number of indexers will necessarily contain 
a great quantity of items not used or usable by any one 
indexer. All such unused items add to the bulk of cards 
to be thumbed through to get and use, code symbols, 
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Figure 7. Alphabetic Code Arrangement 
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Figure 8. Two Codes Punched in One Field 


and tend to require more columns per field. Therefore 
they are likely to result in codes which are inefficient 
for everybody. However, it is not cheap to build 
specialized codes of the kind which will be efficient in 
specific uses. 


AUXILIARY INDEX FILES 


It has been mentioned that the present plan includes 
the making of an abstract which is written on the card. 
This is intended as a time-saving convenience for the 
inquirer, but is not an essential part of the punched- 
card scheme. The same reference information outlined 
above for the cards could be used without making the 
abstract. The inquirer would read on the card the 
names of the subjects reported on and would be sent 
to the report file to do his own abstracting to the extent 
needed. 

During the course of the planning work on this index, 
other departments at other company locations have 
asked for index service. This could be given by phone, 
but may also be given by supplying duplicates of the 
index cards. Usually such expressions of interest have 
been limited to special-subject reports and within cer- 
tain types of products, therefore the number of card 
items so furnished would be much smaller than the 
main index. The index cards, whether or not punched, 
may be filed alphabetically. The plan is to prepare a 
number of duplicates of each card on subjects wanted 


. JOURNAL OF CHEMICAL EDUCATION 


. for the subsidiary files, and mark each duplicate with 


red pencil to indicate the word under which it is to be 
alphabetically located. This will ordinarily be from 
two to about seven duplicates, all differently marked. 
These would be filed and referred to in the ordinary 
alphabetic manner until such time as the file became 
large enough to justify a sorting machine. 


THE CARD FILES 


In an alphabetical index file, it is necessary that each 
card be in its correct place in alphabetical sequence, 
otherwise the card is lost. As sucha file becomes large, 
the labor of thumbing through the file to find a card, or 
to place a new card, increases greatly. In a punched- 
card file a card cannot become lost as it is always find- 
able by the holes. Such cards need not be filed in any 
sequence, so the labor of finding the right filing place 
for a punched card does not exist. 

When a punched-card index according to the present 
plan is five years old, it will contain five times as many 
cards as it did at one year, and an alphabetical index 
wil] increase in this ratio. Since the alphabetical in- 
dex, due to cross-indexing, requires five times as many 
cards per item as the punched-card index, the alphabe- 
tical index will in five years contain 25 times as many 
cards as the punched-cards index contained at one year. 
The finding-time of a set of cards can de expected to in- 
crease about in proportion to the total number of cards 
in the index. 

It was noted that group-coding Would give a great 
advantage in sorting for group-subjects. There is also 
great advantage in group-filing of cards as compared 
with no grouping. Without grouping it would be 
necessary to start a search by running all the cards of 
the index through a sorter. If it could be known in 
advance that the wanted cards would be in a certain 
file drawer and not in the other file drawers, the number 
of cards to be run through the sorting machine would be 
substantially reduced, giving a proportional advantage 
in terms of quicker answers. For example in the pres- 
ent plan the cards referring to data on thermoplastic 
materials are to be filed separately from those for ther- 
mosetting materials, and different colors of cards are 
being used to disclose misfiling. Other groupings and 
subgroupings are also feasible according to the kind of 
information indexed. Guidance to the most satisfactory 
grouping is best obtainable from a tabulation and study 
of experience regarding the form, substance and quari- 
tity of the questions the index is called on to answer. 


ARRANGEMENT OF CODES 


In general, each code requires a numerical arrange- 
ment (see Figure 6) by means of which the used and the 
blank numbers are readily reviewed when new assigr- 
ments of numbers are to be made, and also an alpha- 
betical arrangement (see Figure 7) by means of which 
the code numbers corresponding to the various proc- 
esses, tests, materials, etc., may be found from the 
name of the subject. Such codes may well be on cards 
rotary-filed for rapid reference. 
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The alphabetical form of the code is not only a con- 
venience for finding code numbers from names, but also 
insures against overlooking information by use of the 
wrong synonym, since all known synonyms will show in 
such a code and all will yield the same number. By 
this method the use of a synonym is economically taken 
care of by one reference card in the punching code 
rather than by cross-reference cards in the index itself. 


ARRANGEMENT AND CAPACITY OF CARDS 


It is desirable in the use of punched cards that the 
punchings shall not obliterate any of the typed informa- 
tion (see Figure 3). There is '/s in. clear space on the 
cards between the horizontal rows of holes, enough to 
accommodate a line of typing without interference. 
The holes are spaced vertically 1/, in. between centers 
so that a typewriter with !/,-in. line spacing is called for. 
This can be had by double-spacing in a micro type- 
writer, a standard but not: common design offered by 
several manufacturers. Therefore, once the typing on 
the card has been started between the rows of holes, the 
typewriter will continue to clear the holes as the ab- 
stract is written by normal typing technique. Single- 
spaced typing may be used in any unpunched part of 
the card. 

Between the 12 rows of holes on the card, there is 
room for 11 typed lines, sufficient for a fairly good ab- 
stract, around 125 words. Abstracts larger than the 
face of the card will hold may be continued on the back, 
or on a second card punched in duplicate so that the 
first and second cards would sort together. 

The method of getting the typing started at the right 
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Figure 9. Sample of Leetonia 's Work Sheet 


point on the card to clear the punchings is to print a 
starting point on the card. 

For the current index the code plan calls for punching 
49 columns, and the choice was made to use columiis 
32 to 80, inclusive, at the right of the card. Table 3 
shows which columns are punched for what kinds of 
information. This information may be thought of as 
in two sections, columns 32 to 44 covering the facts 
about where to find the original report and columns 45 
to 80 covering the kinds of facts presented by the re- 
port. 


CROSS-INDEXING 


It was pointed out that one punched card can act as 
the equivalent of seven ordinary alphabetical cross- 
index cards, but this statement is restricted to the con- 
dition that each of the seven cross-index cards repre- 
sents a different field. For example, a punched card 
would be found under product sales number, processing, 
raw material, etc., assuming one item of each kind 
occurred. It frequently happens that several items of 
one kind are mentioned in a report, such as different 
product numbers. This can readily be handled by the 
typing but not by the punching. If, for example, two 
product sales numbers by which the catd is to be found 
are 4538 and 8721, both might be punched in the same 
field (see Figure 8). This would cause punching of 
holes 4 and 8 in the first column, 5 and 7 in the second, 
3 and 2 in the third, and 8 and 1 in the fourth. Due to 
the facts that the card sorts by the first hole the elec- 
trical brush comes to, and that subsequent holes reached 
by the brush have no effect, this card would sort as 
8738, and it would appear that there is no card for 4538 
and no card for 8721. The only way to avoid this is to 
make two cards, one for 4538 and one for 8721. The 
same abstract will serve for both cards, and they will 
differ only by the writing and punching of the product 
numbers. The same principle applies in all fields of the 
card where two or more items of the same kind have to 
be shown, for example, joint authors. 
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Figure 10. Card in Machine, Ready to Receive Punch in Colum 32 


MECHANICAL OPERATIONS 


In planning the mechanics of getting information 
from the report onto a card the effort was made to keep 
transcribing at a minimum. The plan calls for one 
transcribing operation. The abstract, in order to be 
useful, adequate, and correct, frequently requires re- 
arranging, rewording, and correcting during its prepa- 
ration, just as any other concise technical statement 
does, and it therefore seems best to handwrite it. From 
the original writing, one transcribing by typewriter is 
needed. 


, 
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The original abstract is handwritten on a special 
work-sheet (see Figure 9) prepared to remind the ab- 
stracter of the various items of information which must 
be obtained from the report, giving space for the ab- 
stract, for writing the subjects to be coded, and for 
writing the punching code obtained from these sub- 
jects. 

The coded work-sheet goes to a typist who copies it, 
either directly on a punch card (see Figure 3) when only 
one or two are needed, or on a duplicating stencil when 
more copies are needed. The impression from a liquid- 
process stencil appears to be sufficiently lightproof to 
last for many years in a file. Mimeograph is also satis- 
factory. 

The index card, either typed or stencilled, goes next 
to the punching machine. The arrangement of this 
machine, in combination with the arrangement of in- 
formation on the card, permits the card while it is in 
the machine being punched to be read by the punch 
operator as punching instructions (see Figure 10). In 
the punching machine, the card traverses from right to 
left, and when the card has traversed far enough to re- 
ceive a hole in column 32 or any higher numbered col- 
umn, the left side of the card is visible to the operator. 
Therefore the punching instructions derived by code 
are typed at the left of the card. Since no holes are to 
be punched here, this and other typing at the left of 
column 32 may be single-spaced. 

This convenient card arrangement avoids the neces- 
sity of temporarily clipping a card to a sheet of punching 
instructions between the typewriting and the punching 
operations and the possible error of punching from the 
wrong set of instructions. After the card is completed 
the work sheet is filed with the original report, so that a 
future replacement of the card may be made when 
necessary without reabstracting. If the card was made 
from a stencil, the stencil is filed with the report and the 
work-sheet discarded. 
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TREATMENT OF 
PREVENTION 


Iy rae past twenty years over one hundred and fifty 
foreign and American patents have been issued con- 
cerning various methods of treatment of aluminum to 
produce a corrosion-resistant surface. Many more 
patents have been granted for methods of production of 
decorative or colored finishes. This paper is concerned 
with a brief review of the methods for and theories 
of the formation of corrosion-inhibiting surfaces. 


METHODS 


In general either an electrolytic or a chemical treat- 
ment is used. For both methods, it is preferable to 
first clean the surface by brushing, sandblasting, de- 
greasing, or electrolytic polishing. 

Conditions of the treatment can be adjusted to give a 
transparent or gray surface of various shades. The 
film formed on the aluminum surface is usually porous 
and must be sealed by various means. Hydrolyzing in 
steam or dipping in chromate and silicate solutions are 
common after treatments, although many other solu- 
tions have been recommended. Usually the surface 
layer is harder than the base metal and, therefore, may 
crack if the article is bent; however, a considerable de- 
gree of rubbing resistance is obtained. 

Electrolytic Treatment. About one-third of the re- 
ported patents claim solutions for electrolytic treat- 
ment of aluminum anodes. The most widely described 
electrolytes are sulfuric acid, chromic acid, and oxalic 
acid. Practically all concentrations have been used at 
a temperature in the neighborhood of 60 or 70° F. 
Many addition agents have been claimed to be useful, 
such as aluminum or copper sulfate, lead acetate, 
glucose, cresol, sodium acetate, to mention only a few. 

Other baths are described which contain solutions of 
sodium phosphate, fluorides, polyhydric alcohol, col- 
loidal metal oxides, glycerol, sodium hydroxide, phos- 
phoric acid, fluoborates, or sodium carbonate. 

Those most widely used commercially are the, Ben- 
gough-Stuart method using the chromic acid, the 
Alumilite using sulfuric acid, and the Eloxal process 
using oxalic acid. 

Chemical. A large number of solutions for chemical 
treatment of aluminum have been reported. Among 
them are sodium silicate, alkaline metal chromates, and 
oxalates, sodium hydroxide, and sodium fluosilicate. 
The chemical methods may require some heat or fur- 
ther chemical treatment to produce an adherent film. 


DISCUSSION 


Jernstedt (1) describes the action of film formation 
as due either to: (1) the formation of an amorphous 
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layer of aluminum oxide, or (2) chemical attack. He 
points out that there are three possibilities of the first 
type: 
(a) Electrolysis in which little or no solvent action 
takes place on the coating, This will produce 
a nonporous nonadsorptive film. 
(b) Electrolysis in which there is considerable film 
removal to produce a porous and adsorptive 
surface. 
Electrolysis in which the film is dissolved as 
rapidly as formed. This will cause brighten- 
ing of the base metal. 


(c) 


Jernstedt further points out that in chemical treat- 
ment there is probably a competition between chemical 
attack and film dissolution. For example, in a mixture 
of sodium carbonate and potassium dichromate (Alrok 
process) the carbonate promotes the attack and the 
chromate hinders the action. It is obvious that certain 
balances between the two can be obtained to produce a 
film of the desired properties. Anderson (2) showed 
that with sulfuric acid and oxalic acid, film formation 
takes.place in a dense layer of Al.O; next to the metal. 
He proposes that aluminum ions dissolve from the 
metal into the oxide layer and oxygen ions travel into 
the spaces thus created. 

There has always been much discussion as to whether 
the layer is amorphous or crystalline. Taylor, Tucker, 
and Edwards (3) showed that the layer has the struc- 
ture of y alumina at potentials above 100 volts; 
crystalline structure ‘does not depend upon the elec- 
trolytic bath. At lower potentials the film is amor- 
phous. The explanation for this behavior is not evi- 
dent. 

Herenguel and Segond (4) found that the oxide film 
formed in anodic oxidation may be uniform or consist 
of two layers with different structures and hardness de- 
pending upon the action of the electrolyte. For ex- 
ample, with sulfuric acid at low temperature the action 
is limited to the outside of the film and causes merely a 
decrease in thickness. At higher temperature the action 
takes place within the film to produce a more porous 
structure. 

Dankov, Kochetkov, and Shishakov (4) used elec- 
tronic and x-ray methods to study the structure of 
oxides on aluminum surfaces and concluded that a com- 
plex relation exists between the metal and the oxide. 
The primary aluminum oxide film is amorphous. 

Keller and Edwards (6) studied the anodic oxide 
layer formed by electrolysis in sulfuric acid and showed 
that the film differs in many respects from the natural 
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film formed on aluminum. Coatings on pure aluminum 
are substantially continuous transparent films of 
aluminum oxide with a thickness of 0.0001 to 0.0006 
ineh—about 100 or 1000 times the natural film thick- 
ness. However, when impurities are present, as in 
commercial aluminum, the nature of the film is altered. 
The impurities may be unaffected, partially oxidized 
and remain in the surface, or anodically attacked and 
removed. Silicon is an example of the first possibility, 
FeAl; and MnAl; are examples of the second, while 
CuAl, is dissolved more rapidly than aluminum itself. 
Studies reported by Keller and Edwards with the elec- 
tron microscope showed that in a thick film the pores 
are about 0.06 apart at the oxide metal surface but the 
outer edge has a sponge-like porous character. They 
propose that the base of the pores is covered by a layer 
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of oxide. There are about one hundred million pores 
per square inch, large enough to allow the entrance of a 
solution but no colloidal material. Sealing action by 
chromate is due to adsorption in the pores while steam 
or hot water converts the coating to a monohydrate of 
alumina. 
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COLLOIDAL GARDENS FROM SODIUM METASILICATE 


A vammuiar experiment in colloid chemistry is the 
formation of insoluble silicate growths, brought about 
by dropping crystals of various metal chlorides into 
diluted water glass. These systems are commonly 
called. ‘Colloidal Gardens” because the silicates form 
as tubes which superficially resemble growing plants. 

A difficulty sometimes encountered is cloudy water 
glass, preventing good vision of the growths. The 
authors wondered if clear solutions of sodium silicate 
might not be substituted to avoid this condition, and 
the following experiments were accordingly tried. 

A ten per cent solution of Na2Si0;-5H:O was pre- 
pared in distilled water. This, too, gave a faint tur- 
bidity, but the insoluble material quickly settled out. 
The optimum alkalinity for growth formation was not 
known. To find it, a series of solutions was prepared to 
which hydrochloric acid or sodium hydroxide was 
added. The middle member in this series was the 
original ten per cent solution without additives. 
Going to the right, increasing amounts of 3N hydro- 
chloric acid were added, and going to the left, increasing 
amounts of 3 N sodium hydroxide solution. Then 
chlorides of copper, ferric iron, and cobalt were dropped 
into each beaker. The results proved so interesting 
that the authors are writing this note with the thought 
that the experiment may be worth while including in 
colloid laboratory work. 

First, 24 ml. of 3 N hydrochloric acid could be added 
to 200 ml, of 10% sodium silicate solution without pro- 
ducing a silicic acid turbidity, but at much higher con- 
centrations of acid such a turbidity did develop. 
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Secondly, all solutions remained clear, affording ex- 
cellent vision of the growths. 

Finally, and most interesting, a distinct minimum in 
growth formation occurred in the beaker containing 
10 ml. of 3 N hydrochloric acid added to 200 ml. of 10% 
sodium metasilicate pentahydrate solution. On the 
acid side of this point the growths became tall and thin. 
On the alkaline side they were shorter and thicker. 
The term “acid side” is used in a relative sense only; 
all of the solutions were actually strongly alkaline. 

Table 1 shows some characteristics of a cobalt silicate 
series. 





Table 1 


Cobalt Silicate Growths in 330-Ml. Portions of 10% 
NaSiO; - 5H,O Solution 


Approximate 
ight 





3 N acid or 
base added 
50 ml. HCl 
41 ml. HCl 
33 ml. HCl 
16.5 ml. HCl 
No addition 
25 ml. NaOH 


Appearance of growth after three 
weeks 


of growth 
8 cm. 
8 cm. 
1.5 cm. 
0.2 cm. 
1 cm. 
1.5 cm. 


Tall, thin, bluish 
Tall, thin, bluish 

Short, thicker, bluish 

Growth barely evident 

Short, thicker, bluish-gray 

Short, thicker, reddish in color. 
Gray on top 





The authors can offer no explanation for the minimum 
except to suggest that the silicate membrane at that 
point may have been either completely permeable or 
completely impermeable, since either condition would 
prevent osmosis and therefore inhibit formation of a 
growth. | wea at sa 
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THE PRESENTATION OF ACIDS AND BASES 


IN TEXTBOOKS 


Tue Brgnsted concepts of acid and base made their 
appearance in the literature in 1923. These concepts 
began to appear in introductory textbooks about 1935, 
and since that time they have more and more supplanted 
, the earlier concepts of Arrhenius. Examination of a 
number of textbooks published since 1940 shows that 
a very large majority of introductory textbooks now 
present acids and bases from this point of view. The 
definitions of Arrhenius are also often presented as 
the “older’”’ concepts. However, some very substan- 
tial introductory textbooks may be found which use the 
Arrhenius definitions and which mention the Br¢énsted 
concepts as a generalized extension. 

The wide adoption of the Brgénsted concepts at the 
introductory level would lead one to expect a similar 
use in more advanced courses. A number of analytical 
and physical chemistry textbooks have been examined. 
While the number at hand was far from inclusive it 
may be stated that in these more advanced courses the 
adoption and application of the Brénsted concepts is 
very much less general than is the case at the intro- 
ductory level. 

Perhaps one-half of the qualitative analysis text- 
books examined treat acids and bases more or less 
from the Brgnsted point of view. The quantitative 
analysis textbooks examined either ignore these con- 
cepts or mention them as another point of view in a 
separate section or footnote. Consistent application is 
considered unnecessary. 

A definite minority of the first-year physical chem- 
istry textbooks examined actually use the Br¢gnsted 
concepts with any degree of consistency. Even these 
develop acid-base equilibria and hydrolysis in the tra- 
ditional fashion. One of the points made by pro- 
ponents of the Brgnsted system is that its use eliminates 
the consideration of hydrolysis as a separate phenome- 
non, with the attendant calculation of hydrolysis con- 
stants. This, and basic equilibria also, are incorpo- 
rated in the treatment of conjugate acids (1,2). Some 
physical chemistry textbooks ignore the Br¢nsted 
concepts, others mention them in separate sections. 

No high-school textbooks were examined. How- 
ever, some fifty introductory students who had studied 
high-school chemistry were questioned. About ninety- 
five per cent of these had studied acids and bases from 
the older point of view. If this situation is representa- 
tive the use of the Brgnsted definitions at the college 
level may present a considerable problem of “unlearn- 


THOMAS S. LOGAN 
Davidson College, Davidson, North Carolina 


ing” for students who have studied chemistry in high 
schools. 

In reading introductory textbooks which use the 
Br¢rsted concepts, one encounters sometimes a disin- 
clination to let go of the older ideas. For instance, 
how should compounds like NaOH, Ca(OH), and Al- 
(OH); be classified? We can find them variously named 
by Br¢nsted proponents as metallic hydroxides, hydrous 
oxides, alkalies, salts, and bases. Certainly we know 
what is meant, but could not a more coherent classifi- 
cation be expected? 

One point is very striking in the qualitative analysis 
textbooks examined. The authors prefer not to em- 
phasize equations showing hydrated cations. The 
general point of view is that ions in aqueous solution are 
hydrated, but the hydration numbers are not known 
with an accuracy that justifies definite formulas. 
Thus, although hydrolysis may be explained on a basis 
of hydrated cation acids, the tendency is to simplify it 
to the older concept of the union of cation with hy- 
droxy] ion. 

This retention of the concept, hydrolysis, as a peculiar 
situation warranting a particular treatment, is char- 
acteristic of textbooks generally in spite of adoption of 
the Brgénsted concepts. As mentioned previously a 
strict adherence to these ideas would seem to eliminate 
hydrolysis as a special case. Certainly, if we agree 
that acetic acid and ammonium ion are both acids, it 
seems superfluous to label the action of ammonium ion 
with water differently from the corresponding action 
involving acetic acid. The problem would seem to be 
to learn the acids. 

A great majority of the introductory textbooks, 
which adopt the Brgnsted concepts, use the hydrated 
cation acid to explain the acidity of aqueous solutions 
of such compounds as zinc chloride. Brgnsted uses 
this idea (3, 4), and it seems generally to be considered 
an adjunct to the Brgnsted concepts (5). Its entrance 
into textbooks is somewhat more belated than the 
Br¢gnsted definitions of acid and base. It is interesting 
to note that this idea predates the Brgénsted definitions 
by some sixteen years (4, 6), and was, of necessity, 
originally formulated in terms of the older concepts. 
The topic, hydrolysis, was examined in a number of 
introductory textbooks published in the decade, 1930- 
39. Mention of hydrated cation acids was found in 
only one of these. It may be reasonably concluded 
that this idea has largely entered introductory text- 
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books as an application, or extension, of the Br¢énsted 
definitions. Although considerable work has _ been 
done on these hydrated cations, treated as acids (6), 
they are rarely mentioned in introductory physical 
chemistry textbooks. 

Writing the formulas of hydrated cations is probably 
not easy for a beginner. A logical approach to the 
problem would seem to be through some discussion of 
Werner’s ideas and the coordination number. The 
term, coordination number, was found in the indexes of 
about forty per cent of the introductory textbooks using 
the Brénsted definitions. 

The treatment of the amphoteric, or amphiprotic, hy- 
droxide in introductory textbooks is varied. The text- 
books using the Brgnsted concepts generally account for 
the acidity of solutions of such compounds as zine chlo- 
ride as due to the acid nature of Zn(H20),+*+. This acid, 
in a solution of increased pH, would neutralize the base, 
OH-, forming the precipitate, Zn(H2O).(OH)s. If this 


precipitate has acid qualities it would seem logical to. 


suppose the acidity to be due to the remaining water of 
hydration. Further increase in pH would then cause 
the precipitate to dissolve in accord with the equation: 


Zn(H20)2(OH), + 20H~ — Zn(OH),- + 2H,0 (1) 


It is surprising to note the number of textbooks which 
revert from hydrated cation acids, as discussed above, 
to the simpler picture represented by: 


Zn(OH): + 2NaOH — Na,ZnO,. + 2H20 (2) 


In terms of such textual treatment, Zn(H,O),++ func- 
tions as an acid by losing protons from the water of 
hydration until the precipitate, Zn(H2O)2(OH)., 
formed. Then this. amphoteric substance functions 
further as an acid by losing protons from the hydroxyl 
groups, the water of hydration no longer being shown. 
Of course, if it is actually a hydrous oxide, ZnO-xH,0, 
water of hydration might be considered as still function- 
ing in the acid sense, but a beginner may have some 
difficulty in visualizing this from equation (2). The 
structures of these aquohydroxy combinations do not 
seem to have been settled with finality (7, 8). Perhaps 
this is the reason for the disinclination to show them. 
Again, the very cumbrousness of the full equations may 
be a partial reason. 

It has been mentioned that authors of analytical text- 
books are not inclined to stress hydrated ions. This 
tendency is even more marked in the physical chem- 
istry textbooks. Here hydration of ions is mentioned 
only in a general and conservative way, as arule. An 
exception is the hydronium ion. Its existence is fairly 
generally conceded and its use is widespread. How- 
ever, after it has been used to discuss the action of acids 
in water, the simple hydrogen ion is quite often substi- 
tuted for it in textbooks at all levels. 

Some of the introductory textbooks state the as- 
sumptions and reasons for assigning hydration numbers 
to cations. In other cases, however, the values are 
assigned as fact, with no indication of the assumptions 
made. 


The basis for assigning these definite formulas_ 
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seems largely to be the nature of the experimentally 
determined structure of crystalline hydrates, used in 
conjunction with Werner’s ideas of complex com- 
pounds. However, an ion in solution is not an ion 
in a solid, and it cannot be arbitrarily assigned a hydra- 
tion number as a fact. Quite often the wording of a 
a textbook will leave the reader with the impression 
that it is a fact. In general, little attention is given to 
the hydration of anions. 


Much work on hydration of ions has been published.’ 


A review of the early work has been made by Washburn 
(9). To cite a few instances of more recent work, the 
hydration numbers of ions in solution have been cal- 
culated from transference experithents (10), from salt- 
ing out experiments (/1), from studies of hydrolysis 
rates in various solutions (12), and are mentioned at 
times in connection with the measurement of thermo- 
dynamic properties (13, 14). The values obtained 
vary with the methods used. While hydration is ad- 
mitted, the assignment of definite formulas to hydrated 
ions in solution is a problem far from solved. It seems 
possible that here we have at least some of the reasons 
why the extension of the Br¢énsted concepts into the 
region of definitely hydrated ions does not stand up 
well in textbooks of analytical and physical chemistry. 

The question of the “rightness” or thé “‘wrongness” 
of these various concepts has been discussed numerous 
times, as has the need of extended or generalized con- 
cepts in connection with a system of chemistry which 
is dominantly aqueous. The extended concepts are 
not difficult, but need of them does not seem to be 
acutely felt, at least by some authors, in courses just 
beyond the introductory level. It must have been 
quite a surprise to many a student who had “Brgnsted” 
drummed into him as a freshman to discover that it 
was really not necessary to apply it in a study of analyti- 
cal or physical chemistry or both. Some interesting 
comment along these lines has been quoted anony- 
mously in the preface of a recent textbook (145). 

Other revisions of ideas have been entering the funda- 
mental courses in chemistry during the period since 
1923. A considerable revision of oxidation-reduction 
has occurred. The Debye-Hiickel extensions in elec- 
trolyte theory appeared in 1923. This material has 
been swiftly incorporated, and one finds little diver- 
gence between textbooks at all levels. The Brgnsted 
concepts have not been so rapidly received, nor so unani- 
mously. There is some inconsistency in presentation, 
and in particular it is strange that the use diminishes 
as the level of the fundamental course rises. This situa- 
tion may cause one to wonder whether the heavy em- 
phasis in introductory textbooks is justified. 


LITERATURE CITED 
(1) Naran, B., J. Cuem. Epuc., 25, 454 (1948). 
(2) Hammett, L. P., ibid., 17, 131 (1940). 
(3) Brénstep, J. N., Chem. Rev., 5, 298 (1928). 
(4) Buerrvm, N., tbid., 16, 287 (1935). 
(Continued on page 158) 
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A HIGH POLYMER EXPERIMENT FOR 
PHYSICAL CHEMISTRY 


Ix RECENT years the physical chemistry of such 
macromolecular substances as proteins and high poly- 
mers has become of great interest and value. The 
purpose of this communication is to describe an ex- 
periment which is in successful use in the elementary 
physical chemistry course at the University of Wis- 
consi. 


THEORY 


Information as to the size and shape of high polymer 
molecules in solution may be obtained from viscosity 
measurements. The theoretical background for this 
method starts with Einstein’s derivation(3), in 1906, 
of an equation relating the viscosity of dilute sus- 
pensions of small rigid spheres to the volume fraction 
of the spheres. Einstein’s equation is 


n = m (1 + 2.54), 
where 


7 viscosity of suspension 
no viscosity of solvent ; 4 
volume of spheres per unit volume of suspension 


This equation may be rearranged to give 


n — 
no 

Because of the high molecular weight of polymeric 
materials the usual techniques of physical chemistry 
for the determination of molecular weight (7.e., freez- 
ing point lowering, boiling point elevation, and vapor 
pressure lowering) are not applicable, and special meth- 
ods have been developed. The molecular weights of 
high molecular weight substances may be determined 
with the equilibrium and velocity ultracentrifuges 
of Svedberg (71), the light scattering method of Debye 
(2), and the classical osmotic pressure method. Al- 
though the apparatus and technique required for these 
methods are beyond the scope of the elementary physi- 
cal chemistry laboratory, the viscosity method of 
Staudinger (10), which must be calibrated by one of 
the preceding methods, may be satisfactorily carried 
out by the student using only simple apparatus. In 
our opinion, it is a valuable addition to the laboratory 
work in physical chemistry. 

The ratio n/n is the familiar relative viscosity of the 
suspension. The quantity (n/n) — 1 is of frequent 
occurrence in viscosity studies and has come to be 
known as specific viscosity, with the symbol 7,,.‘ It 
should be remembered that neither relative viscosity 


=25¢ or --1=2.5¢ 
no 


(1) 
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nor specific viscosity are actually viscosities but are 
dimensionless numbers. 

The Einstein equation, while valid for rigid spheres, 
proved to be inapplicable to solutions of linear poly- 
mers, in which the solute molecules are usually thread- 
like and flexible rather than rigid spheres. For such 
molecules the viscosity coefficient is greater than 2.5 
and Staudinger, in 1930, found it to be approximately 
proportional to the molecular weight of the polymer. 
He wrote a new equation 


mp. KM 
c 


(2) 


wher 
c 
K 


= concentration 
= constant for a class of similar polymers 
M = molecular weight 


It was found that for many substances 7,,/¢ varies 
with concentration; therefore the value extrapolated 
to infinite dilution, termed the intrinsic viscosity, [n], 
is used 


Ter _ Jig 10/0 


” (3) 


[n] = lim 
co 


c->0o 
In the low concentration range the plot of n,)/c vs. ¢ 
is quite linear, and it may be shown the plot of 1/c 
In »/o extrapolates.to the same limit at zero concen- 
tration. The use of the double extrapolation makes it 
possible to determine the intrinsic viscosity with a high 
degree of precision. 
The Staudinger equation now becomes 


[In] = KM (4) 


This relation proved satisfactory in certgin cases, yield- 
ing molecular weights in good agreement with those 
obtained by other methods mentioned in the introduc- 
tion. However, in some instances very pronounced 
errors were observed, and it was proposed by Mark 
(8) that the data could be better represented by an 
equation of the type 


(5) 


where a is a function of the geometry of the molecule, 
varying from 0.5 for tightly curled polymer molecules 
to 2 for rigidly extended molecules. 

The constants a and K depend upon the type of poly- 
mer, the solvent, and the temperature of the viscosity 
determinations.. Their values are determined experi- 
mentally by measuring the intrinsic viscosities of poly- 


[n] = KMe 
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mer samples for which the molecular weight has been 
determined by an independent method, such as osmotic 
pressure. Since equation (5) may be written in loga- 
rithmic form, the evaluation of the constants is usually 
accomplished by graphing log [n] versus log M and de- 
termining the slope, a, and intercept, log K, of the 


straight line plot. . 
log [n] = log K +alog M (6) 


Table 1 (6). lists values of K and a which have been 
determined for various polymer-solvent systems. 





TABLE 1 





Polymer Solvent 
Cellulose acetate 
Polyisoprene 
Polystyrene 

GR-S copolymer 
Methyl! methacrylate 
Polyisobutylene 





Acetone 
Toluene 
Toluene 
Toluene 
Benzene 
Toluene 





Since most synthetic high polymers are polydisperse, 
the molecular weights obtained by the viscometric 
method are average values. Flory (6) has shown that 


this is generally neither a weight average nor a number 
average weight but is given by 


EN;Metrq1 /0 
wedi [ =NiM; ] 7) 


where a is the constant in equation (5). He terms this 
value the viscosity average molecular weight. The vis- 
cosity average molecular weight is intermediate be- 
tween a number average and a weight average molecu- 
lar weight, being identical with the latter than a = 1. 

It has been noted that the values of K and a for a 
given polymer depend upon the solvent as well as the 
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Figure 1. Determination of the Intrinsic Viscosity 
of Polystyrene PS-65 in Toluene (@) and in 18% 


Methanol-88% Toluene (@) 
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Figure 2. Structure of Styrene Polymer 


solute. Thus, the intrinsic viscosity of a given poly- 
mer sample is different in different solvents. This 
phenomenon gives us some insight into the general 
form of polymer molecules in solution (1). A long 
chain molecule in solution takes on a somewhat kinked 
or curled shape, intermediate between a tightly rolled 
up mass and a rigid linear configuration. Presumably 
all possible degrees of curling may be displayed by any 
one molecule, owing to the internal Brownian move- 
ment of the flexible chains. There will be, however, an 
average configuration, whicii will depend upon the sol- 
vent. Ina “good” solvent, that is, one which shows a 
zero or negative heat of mixing with the polymer, the 
polymer molecule is fairly loosely extended, approxi- 
mating a random spatial arrangement, and the intrinsic 
viscosity is high. In a “poor” solvent, that is, one in 
which the polymer dissolves with the absorption of 
heat (positive heat of mixing), the segments of the 
polymer molecule attract each other in solution more 
strongly than they attract solvent molecules, and the 
result is that the molecule assumes a more compact 
configuration and the solution has a lower intrinsic 
viscosity.’ 

A dilute solution of high polymer in a solvent-non- 
solvent mixture would, therefore, be expected to ex- 
hibit a lower intrinsic viscosity than a solution of the 
same polymer in a good solvent. 


EXPERIMENTAL PROCEDURE 


It is apparent that the determination of molecular 
weights by use of equation (5) involves measurements 
of the relative viscosities of polymer solutions of several 
concentrations. These relative viscosities may be 
determined by using an Ostwald viscometer. The 
relative viscosity of the solution, n/n, is given by 


a 


dt 

= 8 

dole (8) 

where 
d = density of solution 

dy = density of solvent 

t = time of flow of solution a capillary 

to = time of flow of solvent through capillary 


For very dilute polymer solutions, d dy so that equa- 
tion (8) reduces to 


(9) 


Thus it is necessary to measure only the time of flow 
of the solvent and several solutions. These solutions 
may be best obtained by successive dilution of a 1% 
solution prepared by the student. All viscosity meas- 
urements should be carried out in a thermostat, since 
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the variation of viscosity with temperature is about 
1.2% per degree for toluene at 25°C. 

From the value of 7/7 obtained as described, one 
may calculate 4, and m/c. The latter is plotted 
against the concentration, and the curve extrapolated 
toc = 0. In the low concentration ranges the curve 
should be linear, facilitating the extrapolation. Table 
2 gives data on solutions of Dow polystyrene PS-65 in 
toluene and in 15% (volume percent) methanol, 85% 
toluene at 25°C. The graph for the determination of 


the intrinsic viscosity in these two solvents is shown in 


Figure 1. 

The intrinsic viscosity of this polymer sample was 
1.26 in toluene, a “good” solvent, and 0.93 in 15% 
methanol, 85% toluene, a “poor” solvent. Since the 
values of K and a for polystyrene in toluene are avail- 
able in the literature (Table 1), we may calculate the 
average molecular weight of this particular polymer 
sample. Using equation (5) 

1.26 = 3.7 X 1074 M°.®8 
M = 500,000 

To obtain an estimate of the size of such a molecule 
we may calculate the length of the extended polymer 
molecule. The structure of a segment of a polystyrene 
molecule is illustrated in Figure 2. Since the weight 
of a monomer unit is 104, there are approximately 
4800 monomer units in a polystyrene molecule of molecu- 
lar weight 500,000. Since the length of the chain is 
2.5 A. per monomer unit, the total length of the chain 
is 12,000 A. The actual extension of the polystyrene 
molecules in solution is intermediate between a tightly 
coiled form and an extended form and depends upon 
the solvent and temperature. 

This experiment enables the student to carry out one 
of the standard techniques of a high polymer molecular 
weight determination, and provides an introduction to 
the physical chemistry of macromolecular substances. 
The effect of the solvent upon the configuration of 
large molecules in solution may be qualitatively demon- 
strated. The equipment required (Ostwald viscom- 
eter, stopwatch, and thermostat) are available in any 
physical chemistry laboratory. 





c(gm./100 
ce.) 


t(sec.) 





TABLE 2 
Viscosity Data on Solutions of Polystyrene PS-65 





n/n 


Nepic 


(2 In 2) 
c No 





I. Polystyrene in Toluene at 25°C. (to = 98.5 sec.) 


1.998 
0.999 
0.499 
0.249 
0.124 


598.7 
282.9 
175.1 
133.2 
114.8 


6.090 
2.879 
1.782 
1.355 
1.168 


2.55 
1.88 
1.57 
1.42 
1.35 


0.90 


1.06 
1.16 
1.22 
1.24 


Polystyrene in 15% Methanol, 85% Toluene at 25°C. (to = 


2.000 
1.000 
0.500 
0.250 
0.125 


375.9 
195.0 
130.6 
104.5 

93.5 


83.3 sec.) 


4.515 
2.342 
1.569 
1.255 
1.123 


1.76 
1.34 
1.14 
1.02 
0.98 


0.75 
0.85 





The authors are indebted to Dr. J. W. Williams and 
Dr. J. D. Ferry for helpful suggestions and to the Dow 
Company for the samples of polystyrene resin (PS-15, 
PS-25, and PS-65). 


LITERATURE CITED 


(1) Aurrey, T., A. Barrovics, anp H. Marx, J. Am. Chem. 
Soc., 64, 1557 (1942). 

(2) Desyg, P., J. Phys. and Coll. Chem., 51, 18 (1947). 

(3) Exnstein, A., Ann. Physik., 19, 259 (1906); 34, 591 (1911). 

(4) Ewart, E. H., ‘‘Advances in Colloid Science,’ Vol. II, 
Interscience Publishers, Inc., New York, 1946, pp. 197- 
249. 

(5) Frory, P. F., J. Am. Chem. Soc., 65, 372 (1943). 

(6) Gotppere, A. I., W. P. HoHENSTEIN, AND H. Mark, J. 
Polymer Science, 2, 502 (1947). 

(7) Kraemer, E. O., Ind. Eng. Chem., 30, 1200 (1938). 

(8) Mark, H., “Der feste Korper,”’ Hirzel, Leipzig, 1938, p. 
103. 

(9) Manx, H., ‘Physical Chemistry of High Polymer Systems,”’ 
Vol. II, Interscience Publishers, Inc., 1946, pp. 258- 
294. 

(10) SraupinceR, H., “Die Hochmolekularen Organischer 
Verbindungen,” Springer, Berlin, 1932. 

(11) SvepBera, T., anp K. O. Pepersen, ‘“‘The Ultracentri- 
fuge,’’ Oxford University Press, London, 1940. 


THE PRESENTATION OF ACIDS AND BASES IN TEXTBOOKS 
(Continued from page 150) 


(5) Jonnson, W. C., J. Cuem. Epuc., 17, 135 (1940). 
(6) Hau, N. F., Chem. Rev., 19, 89 (1936). 
(7) Wurreneap, T. H., ibid., 21, 113 (1937). 
(8) Werser, H. B., anp W. A. Miuuiean, ibid., 25, 1 (1939). 
(9) Wasnpurn, E. W., Tech. Quart., 21, 360 (1908). 
(10) Wasupurn, E. W., J. Am. Chem. Soc., 31, 322 (1909).* 
(11) Guasstong, §., AND A. Pounp, J. Chem. Soc., 127, 2660 


(1925). 


(12) Corprer, M., J. chim. phys., 43, 54 (1946); C.A., 40, 5984 
(1946). 

(13) Scatcnarp; G., Chem. Rev., 3, 383 (1926). 

(14) Sroxss, R. H., ann B. J. peti J. Am. Chem. Soe., 68, 
336 (1946). 

(15) Hizpesranp, J. H., “Principles of Chemistry,” 5th ed., The 
Macmillan Co., New York, 1947. 





EARLY PENNSYLVANIA PAPER MAKING' 


Tie American paper industry dates from the year 
1690 when William Rittenhouse set up a mill on the 
banks of Wissahickon Creek near Philadelphia. Its 
beginning so early in the history of Pennsylvania can 
be credited to the hearty welcome which William Penn 


gave to artisans, mechanics, tradesmen, and farmers. 


of all creeds in his new-founded state. 

Penn was the super salesman of his day. Having 
received title to some 46,000 square miles of land in the 
new world in payment for a debt of 16,000 pounds 
sterling owed by Charles II to Penn’s father, he pro- 
ceeded to settle it in 1682. By pamphlets and emis- 
saries, Penn urged its adoption by the Quakers, Dutch, 
Germans, Welsh, etc., as a place of golden opportunity 
and free from religious intolerance. At about the 
equivalent of ten dollars per hundred acres this land of 
virgin timber, rich soil, and pure streams was the answer 
to the hopes of thousands of hard working men from the 
old world. 

A leader of the German immigration was Francis 
Daniel Pastorius who laid out Germantown in 1683 and, 
like his friend Penn, was a propagandist for the new 
country. Induced no doubt by the cireulars of Penn or 
his agent Pastorius came textile men and millwrights 
from Holland and Germany. Numbered among the 
sixty-four first inhabitants of Germantown who took 


the oath of loyalty in 1691 were William and Claus | 


Rittenhouse (father and son). 

The Rittenhouse family had come probably several 
years before from Holland. There, William had 
helped a brother in operating a paper mill at Arnhem. 
The name appears variously as Riiddinghausen, Rit- 
tinghausen, and Rittenhausen before it was anglicized. 
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William was born at Miilheim-am-Ruhr in Rhenish 
Prussia in 1644, but emigrated to Holland where he be- 
came a Dutch citizen in 1679. 

The elder Rittenhouse was a Mennonite minister and 
first leader of that denomination in this country. It 
may have been religious freedom, or as an opportunity 
for his trade—perhaps both—that brought Ritten- 
house to the Philadelphia area. At any rate here was 
a printer, William Bradford—America’s most successful 
early publisher—with whom plans for a paper mill were 
made. Bradford had joined Penn’s group and set up 
the first printing shop in Philadelphia in 1685. 

Besides Bradford there were two others in the original 
partnership with Rittenhouse. They were Robert 
Turner, landholder and confidante of Penn, and 
Thomas Tresse, a rich iron-monger (1). To this quartet 
twenty acres of land were leased by Samuel Carpenter 
in 1705, although there was an unwritten agreement as 
early as 1690. 

William Bradford’s close association with the paper 
mill was necessarily lessened when he moved to New 
York in 1693. This was a result of legal troubles 
with the authorities concerning publication of the char- 
ter, without permission, and for printing pamphlets of 
the seceding quaker, George Keith. He still held 
monopoly on the Rittenhouse output—as evidenced 
by an agreement of 1697. For his fourth share in the 
mill he was to receive eleven reams of paper yearly for 
ten years. Moreover Bradford had first choice on the 
entire output of printing paper during the period, at 
a stipulated rate of ten shillings per ream. 
agreed that he “shall have ye refusal of five ream of 
writing paper and thirty ream of brown paper yearly 
and every year during ye said term of ten years, ye 
writing paper to be at 20° and ye brown paper at 6° per 
ream.” The total production is not stated, but Jones 
(1, p. 325) estimates probably twelve hundred to fifteen 
hundred reams of paper yearly. In the days of hand- 
made paper three men could produce in one day about 
four and a.half reams of newspaper of the size twenty 
by thirty inches. A ream is 480 sheets of paper. 

The first Rittenhouse mill, probably built of log and 
frame, was destroyed by a flood in 1701. The branch 
of the Wissahickon, known as Paper Mill Run, which 
supplied water power for their trip hammers used in 
pounding the rags into pulp, was swollen by a freshet 
which washed out the mill and contents. 

Of the former mill an account of materials saved was 
valued slightly over seventeen pounds. For the loss 
to the sufferers Penn wrote a letter asking aid of such 
persons who might lend “relief and encouragement” to 
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“William Rittenhouse and Claus his son,” as they 
were ‘desirous to set up the paper-mill again.” 

Friends responded in assistance and a new mill was 
built in 1702 at a short distance below the old site. 
The other partners were persuaded to relinquish their 
holdings in the Company. William Rittenhouse was 
described as “decrepit” at this time, and his son Claus 
appears to have been the mill operator. A lease was 
secured in 1706 for nine hundred and seventy-five 
years. The older Rittenhouse died in 1708 at the age 
of sixty-four, having lived a sober, industrious life— 
a man of faith and works. He was America’s pioneer 
paper maker. His paper supplied Bradford in New York 
and the early printers of Philadelphia and German- 
town. An American colonial industry, whose products 
were to rival those of Europe, had been founded. 

Through at least four different generations, covering 
a span of some one hundred and sixty years, the mill 
operators were Rittenhouse descendants. Finally the 
plant was converted into a cotton factory. 

A great grandson of the founder William was to 
achieve fame as an American mathematician and 
astronomer. This was David Rittenhouse (1732- 
96) perhaps most illustrious member of the family, who 
served as state treasurer and in many other official ca- 
pacities. 

The second paper mill in the Germantown vicinity 
was erected in 1710 by William DeWees, a brother-in- 


law of Nicholas Rittenhouse. This mill was located on. 


the west side of the Wissahickon Creek in an area there 
known as Crefeld. It is stated (2) that this mill, 
equipped with two millstones, made both flour and 
paper. In 1713 the DeWees mill was acquired by Claus 
Rittenhouse and three others. 

In 1719 a new demand for paper arose in Philadelphia, 
or shall we say the manufacture of paper afforded an 
opportunity for literary publication. In that year 
Andrew Bradford, a son of William Bradford, pub- 
lished the first newspaper, The American Weekly Mer- 
cury, in Pennsylvania. This was the third newspaper 
to be established in the Colonies; the first was the 
Boston News Letter in 1705; the second was the Boston 
Gazette in 1719 (December 21, just one day before 
Bradford’s paper in Philadelphia). ‘ 

William Bradford established the New York Gazette 
in 1725. Needing more paper than he could obtain 
from the Rittenhouse Mills he established a mill at 
Elizabethtown, New Jersey, between 1726 and 1728. 

The raw materials for this paper industry during its 
first century and a half in America were rags, linen, and 
cotton. The business of collecting enough rags was a 
serious problem, spurred on by advertisements. House- 
keepers were urged to save their cloth scraps and 
prizes were offered by the American Philosophical 
Society for these family collections. Publishers like 
Bradford often paid part of their debt, for paper re- 
ceived, by shipments of rags. 

An early poem by Richard Frame (3) comments on 
the relation of the textile and paper industries: 


A Paper-Mill near German-Town doth stand, 


So that the Flax, which first springs from the Land, 
First Flax, then Yarn, and then they must begin 
To weave the same, which they took pains to spin. 
Also, when on our backs it is well worn, 

Some of the same remains Ragged and Torn; 
Then of the Rags our Paper it is made, 

Which in process of time dost waste and fade: 

So, what comes from the Earth, appeareth plain, 
The same in Time, returns to Earth again. 


Another important figure who influenced the early 
paper industry was Benjamin Franklin. He had come 
to Philadelphia in 1723 and began work for the printer, 
Samuel Keimer, who established the second newspaper 
in the province, The Universal Instructor in all the Arts 
and Sciences and Pennsylvania Gazette (4). About a 
year later Franklin and Hugh Meredith bought out the 
paper and abbreviated the title to the Pennsylvania 
Gazette. Franklin also conducted a shop to sell sta- 
tionery and to bind and sell books. 

For some thirty-odd years, until 1765, Franklin, 
through several partnerships and independently, con- 
ducted his business with increasing success. Especially 
after his appointment as postmaster did his paper cir- 
culation increase. His expanding circle of business 
contacts, together with his well-known traits of industry 
and economy, made him prosper. His quest for paper 
supplies led him to patronize and encourage the mills of 
the Germantown area and elsewhere. Notable among 
his associations were those with the Ivy Mills in Dela- 
ware County and the Ephrata Mills in Lancaster 
County. 

Another source of paper used by Franklin was the 
Anthony Newhouse mills at Micuon in White Marsh 
Township, near Philadelphia. This paper was produced 
in 1747 and was watermarked “Pro Patria.’’ Paper is 
still being produced here in mills occupying the same 
site as those of two hundred years ago. 


THE WILLCOX MILLS 


The third paper making enterprise in Pennsylvania 
was known as Ivy Mills. It was established in 1729 by 
Thomas Willcox in Concord, on the west branch of 
Chester Creek in Delaware County. Willcox was a 
native of Devonshire, England, who came to America 
in 1727. The mill which he and his son Mark operated 
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made paper continuously for almost a century. Then a 
second mill was built on the foundations of the earlier 
one and this was conducted by grandsons until 1854. 

The Willcox mills supplied paper for Benjamin 
Franklin and other colonial printers. From this source 
also came paper for government bank notes and revenue 
stamps in which business there was a virtual monopoly 
for many years (5). In the paper made here, a dove 
and olive branch watermark with the initials TMW was 
employed. An ivy leaf watermark was later employed 
to designate the origin of the product from the ivy-clad 
mill buildings. ‘ 

What the original capacity of Ivy Mills was is not on 
record, but almost one hundred years after its founding 
it was still described as “a 1 vat paper mill, head and 
fall about 14 feet; owned by Mark Willcox, Esq., and 
occupied by his son, John Willcox; manufactures about 
1500 reams fine paper per annum, employs 18 hands.” 

The Willcox production of handmade paper for cur- 
rency continued not only for the old colonies, but also 
the central government after the Revolution. A special 
distinctive paper, with colored silk threads woven 
through it, was developed. Later generations of the 
Willcox family built Glen Mills on the south side of 
Chester Creek. This site was about three miles from the 
earlier mills. The later plant consisted of two separate 
establishments located a quarter of a mile apart. It 
was owned and operated by Mark and James Willcox, 
who were great-grandson and great-great-grandson, 
respectively, of the original founder. Here large 
Fourdrinier machines were introduced, sometime after 
1827, the date (7) of the introduction of the first 
Fourdrinier machine in America. 

In 1850 James M. Willcox described machinery in 
use in American paper mills. Stating that cylinder 
machines were still in more general use, because of 
simplicity and economy, he said the paper made on 
them is not equal in quality to the production on the 
Fourdrinier machines. He preferred also the latter 
machines which were made in America by Phelps and 
Spafford in Windham, Connecticut, and Howe and 
Goddard in Worcester, Massachusetts. 

The Ivy Mills building was still standing in 1886, al- 
though not then in use. A picture of it is shown in 
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Figure 2. The firm was then still manufacturing paper 
under the name of James M. Willcox and Company, 
credited with being “the oldest existing commercial 
house in America (8).”’ 


THE EPHRATA PAPER MILL 


About 1736, in Lancaster County, the fourth paper 
mill in Pennsylvania was established. This was part of 


_ several industries conducted along the banks of Coca- 


lico Creek at Ephrata. Here a group of First-Day 
German Baptists, now called Dunkers, had settled 
under the leadership of Conrad Beissel, a native of 
Eberbach, Germany. 

They formed a communistic colony, which at the 
time of Beissel’s death (1768) numbered about three 
hundred. Here were set up a number of small industries 
and several large monastic buildings where the majority 
of the members lived. Included were a bakery, tan- 
nery, grist mill, fulling mill, paper, and oil mills—the 
latter for printing ink. Most of these steep roofed, 
frame structures have been dismantled, but a number 
are being preserved and restored since May, 1941, as 
historical landmarks by the Historical Commission of 
the State of Pennsylvania. Unfortunately, nothing re- 
mains of the early paper mill, except some of its prod- 
ucts, the output of which at one time may have been 
the largest in the colonies. 

The mutual contacts between Benjamin Franklin 
and the Dunkers first arose when the latter needed 
texts printed, and sought the aid of the Philadelphia 
printer. After considerable printing, some disagree- 
ment developed—our guess is over price—and Beissel 
had a printing press set up in the Cloisters at Ephrata. 
Then to be even more independent he set up a paper 
mill. Eventually both press and mill were to supply 
numerous outside requests. Limits were placed on this 
development by the religious zeal of the leader who 
feared the evil of over-commercialism. Some of the 
brethren wished to expand their industries to much 
larger proportions, but this difference of opinion was 
quelled, as if by the will of God, when several of the 
mills burned down on a cold winter night (9). While 
this was a distinct loss to the little community it 
seemed to be proof of Beissel’s contention, and tended 
to throttle plans for the future expansion of the young 
industries. 

The production of paper was entrusted to Samuel 
and Jacob Funk, artisans who had learned their trade in 
Germany. They made chiefly a coarse brown paper 
called ‘‘macalatur.”” Specimens may be seen in the 
walls of the meeting house on Saal Chapel at Ephrata. 
Here are large framed mottoes and texts from the 
scriptures, hand done in ornamented Gothic letters— 
beautiful examples of German fractur-schritten. While 
the coarse paper bore no watermarks, the finer grades of 
printing papers were variously marked as shown in the 
accompanying figures. 

The Ephrata paper mill is said to have operated for 
more than fifty years, but by 1795. the old printing 
presses were sold and this date probably. also marks the 
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last days of the paper’ mill. One of the presses is in 
possession of the Historical Society of Pennsylvania in 
Philadelphia. 

Among famous books printed on Ephrata paper was 
the Christopher Saur Bible. This was the second Bible 
to be printed in America and was printed in German by 
the Germantown publisher in 1743. 

In 1748 an immense book of 1500 pages appeared 
from the Ephrata Cloisters. It was entitled ‘Der 
Blutige Schau-Platz oder Martyrer-Spiegel” (The 
Martyr’s Mirror), and was published for the Mennon- 
ites and other sects. It is said that this work “‘required 
the services of no less than thirteen men who toiled 
three years to translate, revise, type-set, manufacture 
paper, print, fold, and bind this treasured volume 
(10)."* 

Some forty-three books were written and published 
by members of the community. Their methods were 
consulted by the Moravians of Salem, North Carolina, 
when they sent representatives to Ephrata in 1789 to 
learn the art of papermaking and the equipment neces- 
sary for a mill. 

During the occupation of Philadelphia by the 
British during the Revolution, it is claimed that some 
of the colonial money was printed in Ephrata. Another 
unplanned, but not less useful, application of Ephrata 
paper occurred during that period when soldiers of the 
Continental Army seized three wagon loads of books 
and used the sheets for wrapping cartridges. A similar 
seizure was made in Philadelphia when some reprints of 
religious tracts published by Franklin were found in an 
old attic. 

The Ephrata experiment in monastic and commu- 
nistic life has attracted considerable study and atten- 
tion. (11). The venture into the field of papermaking 
was hut one phase of several undertakings which can be 
described as arts to an end—the end being the advance- 
ment of spiritual life. In singing, musical composition, 
and fine pen work, the mystics of the wilderness became 
equally famous as they did in their printed works. 


OTHER ADVANCES IN EARLY PAPERMAKING 
IN PENNSYLVANIA 


From various chronologies on paper making such as 
those by Munsell (72), Hunter (2) and others (7) we 
learn of progress in the art during the era of handcraft. 
Very few materials and very little equipment were 
needed to produce handmade paper. It was an old art 
probably arising in China about the dawn of the 
Christian era. It can be and still is practiced today by 
some individuals who make high-grade paper. The 
essentials are some fibrous material, water, implements 
for shredding or pounding the fiber, a screen, and some 
skill required by training and practice. 

All of the details of this art were worked out for the 
hand industry prior to its introduction to America. 
The earliest screens and tools were imported, but vats 
and screw presses were soon made from the forest trees. 

The first American paper mold maker was Isaac 
Langle of Germantown who is credited with making 
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molds for the Ephrata mill in 1740. A later pioneer 
mold maker of more renown was Nathan Sellers who 
made molds for the Willcox mills in or shortly after 
1770. He received the modern equivalent of an occu- 
pational deferment when he was released from service 
in the Continental’ Army to follow his important trade. 

The craft of making the “wove” molds required a 
high degree of skill and special tools. Among the latter 
were straightening boards, wire-drawing blocks, wire- 
plates, pincers, etc. The mold had to be strongly made 
because of its constant handling in and out of warm 
water. The oak boards used for the molds were care- 
fully selected, and boiled repeatedly in hot water before 
cutting. After the joining and adjusting of the wire 
sereen the water-mark device was affixed. This was 
done by bending wires to the shape of the desired letter 
or figure, and sewing this to the surface of the mold. 

In the earliest American paper mills trip-hammers 
run by water wheels were employed to stamp the rags 
into pulp. By rubbing the material these stamps pro- 
duced long fibers, desirable for strength in the finished 
paper. Not until near the close of the eighteenth cen- 
tury was the use of Hollander mills introduced into this 
country. Almost a century before, J. J. Becker had 
described in 1682 the ‘‘new kind of paper mill. . .which 
operates... by the use of a roll, and within a short time 
and without difficulty the rags are macerated to a 
pulp.” 

By 1770 Munsell states that theres were forty paper 
mills in the states of Pennsylvania, New Jersey, and 
Delaware. The total annual production being valued 
at £100,000. By 1810 there were sixty mills in Penn- 
sylvania alone; the total for the United States being 
reported as 185. The business had grown to a point 
where domestic collection of rags for pulp was insufh- 
cient and European sources were sought. 

In 1816 steam power was utilized to operate a paper 
mill at Pittsburgh. This means that the old depend- 
ence on water power was eliminated, In the same year 
the first machine for manufacturing paper was de- 
veloped by Thomas Gilpen in his mill near Wilmington, 
Delaware. The machine-made product, marketed in 
1817 and thereafter, was used by a pines em paper, 
Poulson’s Daily Advertiser. 
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In England a cylinder machine for making paper was 
developed by John Dickinson in 1809. The Gilpin 
machine in America was said to be an outgrowth of the 
Dickinson principle. 

It turned out paper at the rate of sixty feet per 
minute, doing the work of twelve men and six boys in 
the old mills with only two men and one boy. Its work- 
ings and speed of production soon became known and 
American invention developed in other quarters. A 
competing machine was that of John Ames in Spring- 
field, Massachusetts. There were other American 
mechanical paper inventions, but the machine soon 
adopted generally was the Fourdrinier paper maker 
developed in France. The first one to be used in 
America was introduced by Henry Barclay in 1827 at a 
mill in Saugerties, New York. 

The Gilpin mill was destroyed by a violent flood in 
1822. Despite the tremendous loss of his plant, Thomas 
Gilpin, of Philadelphia, was still developing paper 
machinery in 1830, when he received a patent for an 
improvement which consisted of calenders between 
which the paper passed to give it a polished surface. 

Substitute materials instead of, or to supplement the 
use of, rags had been suggested and tried in Europe 
quite early. René Reaumur in France had suggested 
the use of wood in 1719. In Germany Jacob Schaffer 
had shown, between 1765 and 1772, that many different 
vegetable fibers might be employed in making paper. 

In 1827, William Magaw, of Meadsville, Pennsyl- 
vania, patented a process for using hay, straw, or other 
vegetable substance in the manufacture of paper. 
The next year paper was made at Chambersburg, Penn- 
sylvania, under this patent. This product was used in 
the printing of Niles Weekly Register. 

In the Philadelphia area, Louis Bomeisler obtained 
a patent for making white writing paper from straw in 
1829. By 1854 a lineal descendant of the Rittenhouse 
family was using straw to make paper in Manayunk, 
only two miles from the place where the early industry 
began. This was Martin Nixon, of the Flat Rock Paper 
Mills, along the Schuylkill River. This paper was used 
to supply the Philadelphia Public Ledger. 

The use of wood in papermaking came after many 
experiments abroad. As early as 1800 Matthias Koops, 
in London, prepared paper sufficient to publish three 
books from wood and straw. In 1846 Heinrich Voelter, 
of Saxony, ground wood pulp in a commercial paper 
process. 

Up to this time the paper industry had little use for 
chemical processes. To be sure a certain amount of de- 
cay and fermentation occurred during the early steps in 
preparing rags for paper. With the advent of wood 
pulp, chemical agents were employed. 

Munsell states that Wooster and Holmes of Mead- 
ville, Pennsylvania, obtained a patent for an improve- 
ment in making paper from wood in 1830, and used 
lime and aspen wood. The process was abandoned after 
Magaw claimed that the use of alkalis was an infringe- 
ment of his patent of 1827. 

Hunter thinks that it was not until January 14, 1863, 
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that a newspaper was printed on paper made from wood 
pulp. This was the Boston Weekly Journal. 

Hugh Burgess, of England, patented an early pulping 
method by chemical means. In 1852 Burgess and 
Charles Watt had proved that good printing paper 
could be made from wood pulp obtained by disintegrat- 
ing wood with caustic soda at high temperatures. 
Coming to the United States in 1854 Burgess secured 
American patents and in 1855 operated his process in 
the Warren Mill, in Maylandville, Pennsylvania. 

Burgess built a large mill at Rayersford, Pennsyl- 
vania, on the Schuylkill River in 1855 and managed it 
until 1895. A picture of this plant (see Figure 4) in- 
dicates that the paper making of this period was a large- 
scale operation. 

At Manayunk, in 1865, the American Woed Paper 
Company also established a large mill to use the soda 
pulp process of Burgess. 

At this same time attention was being given to the 
sulfite process by a Philadelphia chemist, C. B. Tilgh- 
man. Sulfurous acid had been used to bleach straw in 
France by L. Piette (Patent 1830), and a United States 
patent had been issued in 1851 to an English inventor, 
Peter Claussen, for ‘‘making straw pulp by soaking the 
straw in an alkali and treating the wet material with 
sulphurous acid gas,”’ but no commercial application is 
recorded. 

Tilghman after experimenting with sulfurous acid 
and lime secured a U.S. Patent No. 70,485 for making 
wood pulp by application of solutions of calcium bisul- 
fite. Tilghman worked out fully the chemical details— 
the treatment of vegetable substances with sulfurous 
acid solution, with or without the addition of sulfites, 
heated in a closed vessel under pressure to dissolve the 
cementing constituents and leave the undissolved mat- 
ter in a fibrous state for the manufacture of paper pulp. 
The process was tried and proved commercially feasible 
in a small wood pulp mil! of the paper factory of Hard- 
ing and Sons in Manayunk in 1865. Although me- 
chanical difficulties were a deterrent to Tilghman’s suc- 
cess he had shown the way and the principle was 
adopted several years later by other inventors. 

The leaders in the early days of papermaking in 
Pennsylvania have been mentioned and their work 
listed in considerable detail. As the volume of trade 
and the complexities of the problems of manufacture 
increased much more inventive skill was required. To 
pay full tribute to the men of the past century who ad- 
vanced the paper trade is beyond the scope of this paper. 

Pennsylvania continues to play an important part 
in the paper industry, but the percentage of the na- 
tional production has greatly decreased. In 1813 a re- 
port to Congress by Tench Coxe, of Philadelphia, 
showed that Pennsylvania was a strong leader. Here 
were 64 of the total number of 202 plants engaged in 
paper manufacture. By 1873 Lockwood’s Directory 
showed 94 mills operating in Pennsylvania, but the 
national total had increased to 896 mills, and the Key- 
stone State was in third place. 

(Continued on page 162) 





FUSION ANALYSIS, A RAPID METHOD FOR 
IDENTIFICATION OF ORGANIC COMPOUNDS 


To rae organic chemist the problem of identifying 
and separating the products of a reaction is often as 
great as the synthesis itself. Organic reactions seldom 
go to completion and the side products or equilibrium 
mixtures often lead to time-consuming separations and 
even loss of small-quantity products. A powerful 
tool for quick identification and simplification of many 
tedious procedures is the use of fusion analysis' in con- 
nection with the polarizing microscope. 

The polarizing microscope has long been used to a 
limited extent by organic chemists but it has never en- 
joyed the popularity of an everyday tool in the labora- 
tory. This may be due to the fact that most of the 
emphasis has been laid on crystal morphology, that is, 
the exact classification into the six recognized crystal- 
line systems: cubic, tetragonal, hexagonal, ortho- 
rhombic, monoclinic, and triclinic. Aside from the fact 
that such classification requires training and experience, 
the ideal crystal form is rarely obtained, and crystals 
normally grow in a variety of distorted habits. The 
size and shape of a given crystal face is controlled by 
the conditions of growth and is bound only by the law 
of constancy of interfacial angles. 

It has been observed that about 90 per cent of all 
organic compounds crystallize either in the monoclinic 
or orthorhombic system. Crystals of a given com- 
pound may, and often do, show any habit: rods, plates, 
tablets, needles, or massive. Therefore, crystal mor- 
phology while in itself valuable and lasting data, does 
not usually point out immediate subtle differences. 

Fusion analysis, on the other hand, depends only on 
the ability of a compound to crystallize from its melt. 
It has been defined? as analysis which makes use of all 
properties determined when (a) the compound is heated 
on a microscope slide, (b) the melt is cooled slowly be- 
tween the slide and cover glass, (c) the-film of solid is 
examined with polarized light and with crossed nicols, 
and (d) when a mixed fusion is carried out with a refer- 
ence compound. The latter allows determination of 
the type phase diagram (formation of eutectic, addition 
compound or solid solution) relative melting point as 
well as relative birefringence. Figure 1 illustrates the 





1 This was given the name kontakmethode by Ludwig and Adel- 
heid Kofler in their book ‘‘Micro-Methoden zur Kennzeichnung 
Organischer Stoffe und Stoffegemische” printed in Austria. A 
translation is now being prepared by the microscopy section of 
Armour Research Foundation. 

2 McCrong, W. C., Ph.D. Thesis, Cornell University, Ithaca, 
New York, 1942. 
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Figure 1. Steps in a Mixed Fusion Analysis 

steps necessary to carry out a fusion analysis. If two 
compounds are identical, crystallization started at any 
point will continue across the interface throughout the 
preparation to form a homogeneous appearance. There 
would be no discontinuity in rate or form of crystal 
growth. 

If two compounds are different, then the two crystal- 
fronts will advance toward each other steadily until 
they reach the zone of mixing at which point the rate of 
growth will decrease and finally stop. A thin region 


Figure 2. Equilibrium Mixture Obtained by Treating 2-Methyl- 
aminoquinoline with Sodium-Potassium Amide. in Liquid Ammonia. 
Compare with Figures 3 and 4 and Note Loss of Characteristic Habit. 
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In England a cylinder machine for making paper was 
developed by John Dickinson in 1809. The Gilpin 
machine in America was said to be an outgrowth of the 
Dickinson principle. 

It turned out paper at the rate of sixty feet per 
minute, doing the work of twelve men and six boys in 
the old mills with only two men and one boy. Its work- 
ings and speed of production soon became known and 
American invention developed in other quarters. A 
competing machine was that of John Ames in Spring- 
field, Massachusetts. There were other American 
mechanical paper inventions, but the machine soon 
adopted generally was the Fourdrinier paper maker 
developed in France. The first one to be used in 
America was introduced by Henry Barclay in 1827 at a 
mill in Saugerties, New York. 

The Gilpin mill was destroyed by a violent flood in 
1822. Despite the tremendous loss of his plant, Thomas 
Gilpin, of Philadelphia, was still developing paper 
machinery in 1830, when he received a patent for an 
improvement which consisted of calenders between 
which the paper passed to give it a polished surface. 

Substitute materials instead of, or to supplement the 
use of, rags had been suggested and tried in Europe 
quite early. René Reaumur in France had suggested 
the use of wood in 1719. In Germany Jacob Schaffer 
had shown, between 1765 and 1772, that many different 
vegetable fibers might be employed in making paper. 

In 1827, William Magaw, of Meadsville, Pennsyl- 
vania, patented a process for using hay, straw, or other 
vegetable substance in the manufacture of paper. 
The next year paper was made at Chambersburg, Penn- 
sylvania, under this patent. This product was used in 
the printing of Niles Weekly Register. 

In the Philadelphia area, Louis Bomeisler obtained 
a patent for making white writing paper from straw in 
1829. By 1854 a lineal descendant of the Rittenhouse 
family was using straw to make paper in Manayunk, 
only two miles from the place where the early industry 
began. This was Martin Nixon, of the Flat Rock Paper 
Mills, along the Schuylkill River. This paper was used 
to supply the Philadelphia Public Ledger. 

The use of wood in papermaking came after many 
experiments abroad. As early as 1800 Matthias Koops, 
in London, prepared paper sufficient to publish three 
books from wood and straw. In 1846 Heinrich Voelter, 
of Saxony, ground wood pulp in a commercial paper 
process. 

Up to this time the paper industry had little use for 
chemical processes. To be sure a certain amount of de- 
cay and fermentation occurred during the early steps in 
preparing rags for paper. With the advent of wood 
pulp, chemical agents were employed. 

Munsell states that Wooster and Holmes of Mead- 
ville, Pennsylvania, obtained a patent for an improve- 
ment in making paper from wood in 1830, and used 
lime and aspen wood. The process was abandoned after 
Magaw claimed that the use of alkalis was an infringe- 
ment of his patent of 1827. 

Hunter thinks that it was not until January 14, 1863, 


JOURNAL OF CHEMICAL EDUCATION 


that a newspaper was printed on paper made from wood 
pulp. This was the Boston Weekly Journal. 

Hugh Burgess, of England, patented an early pulping 
method by chemical means. In 1852 Burgess and 
Charles Watt had proved that good printing paper 
could be made from wood pulp obtained by disintegrat- 
ing wood with caustic soda at high temperatures. 
Coming to the United States in 1854 Burgess secured 
American patents and in 1855 operated his process in 
the Warren Mill, in Maylandville, Pennsylvania. 

Burgess built a large mill at Rayersford, Pennsyl- 
vania, on the Schuylkill River in 1855 and managed it 
until 1895. A picture of this plant (see Figure 4) in- 
dicates that the paper making of this period was a large- 
scale operation. 

At Manayunk, in 1865, the American Woed Paper 
Company also established a large mill to use the soda 
pulp process of Burgess. 

At this same time attention was being given to the 
sulfite process by a Philadelphia chemist, C. B. Tilgh- 
man. Sulfurous acid had been used to bleach straw in 
France by L. Piette (Patent 1830), and a United States 
patent had been issued in 1851 to an English inventor, 
Peter Claussen, for ‘making straw pulp by soaking the 
straw in an alkali and treating the wet material with 
sulphurous acid gas,” but no commercial application is 
recorded. 

Tilghman after experimenting with sulfurous acid 
and lime secured a U.S. Patent No. 70,485 for making 
wood pulp by application of solutions of calcium bisul- 
fite. Tilghman worked out fully the chemical details— 
the treatment of vegetable substances with sulfurous 
acid solution, with or without the addition of sulfites, 
heated in a closed vessel under pressure to dissolve the 
cementing constituents and leave the undissolved mat- 
ter in a fibrous state for the manufacture of paper pulp. 
The process was tried and proved commercially feasible 
in a small wood pulp mill of the paper factory of Hard- 
ing and Sons in Manayunk in 1865. Although me- 
chanical difficulties were a deterrent to Tilghman’s suc- 
cess he had shown the way and the principle was 
adopted several years later by other inventors. 

The leaders in the early days of papermaking in 
Pennsylvania have been mentioned and their work 
listed in considerable detail. As the volume of trade 
and the complexities of the problems of manufacture 
increased much more inventive skill was required. To 
pay full tribute to the men of the past century who ad- 
vanced the paper trade is beyond the scope of this paper. 

Pennsylvania continues to play an important part 
in the paper industry, but the percentage of the na- 
tional production has greatly decreased. In 1813 a re- 
port to Congress by Tench Coxe, of Philadelphia, 
showed that Pennsylvania was a strong leader. Here 
were 64 of the total number of 202 plants engaged in 
paper manufacture. By 1873 Lockwood’s Directory 
showed 94 mills operating in Pennsylvania, but the 
national total had increased to 896 mills, and the Key- 
stone State was in third place. 
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well as relative birefringence. Figure 1 illustrates the 





1 This was given the name kontakmethode by Ludwig and Adel- 
heid Kofler in their book ‘‘Micro-Methoden zur Kennzeichnung 
Organischer Stoffe und Stoffegemische’’ printed in Austria. A 
translation is now being prepared by the microscopy section of 
Armour Research Foundation. 

2 McCrong, W. C., Ph.D. Thesis, Cornell University, Ithaca, 
New York, 1942. 
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3. Place crystalline 
B just outside cover 
glass close to A. 


1. Place crystalline 2. Observe fused 
A under cover glass. melt of A. In all steps 
Heat then cool. use a microflame. 






































4. Heat then cool. 5. Remelt cautiously; 6. If A and B are 


Observe fused melt of allow afew crystalsfor different, there will be 
B. seed; cool. a phase boundary. 


Figure 1. Steps in a Mixed Fusion Analysis 

steps necessary to carry out a fusion analysis. If two 
compounds are identical, crystallization started at any 
point will continue across the interface throughout the 
preparation to form a homogeneous appearance. There 
would be no discontinuity in rate or form of crystal 
growth. 

If two compounds are different, then the two crystal- 
fronts will advance toward each other steadily until 
they reach the zone of mixing at which point the rate of 
growth will decrease and finally stop. A thin region 


Figure 2. Equilibrium Mixture Obtained by Treating 2-Methyl- 
aminoquinoline with Sodi i Amide.in Liquid Ammonia. 
Compare with Figures 3 and 4 and Note Loss of Characteristic Habit. 
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Figure 3. Characteristic Spherite Form of 2-Methylaminoquinoline. 
All Photomicrographs Taken of Preparations between Crossed Nicols 
of a Polarizing Microscope. Exposures: '/1 Sec. F-2, Kodak Ortho 
Commercial Film. R 


of melt remaining between them is the eutectic or addi- 
tion compound which may or may not solidify. Con- 
tinuous solid solutions may also result; in this rare 
case, no new phase such as an eutectic appears although 
a definite discontinuity in rate of crystal growth is 
apparent in the zone of mixing. This entire phenome- 
non can be observed also without a polarizing micro- 
scope, but the effects are more pronounced and discerni- 
ble between crossed nicols. 

It is also possible to determine the purity of a crys- 
talline organic compound, for unless the impurity is 
isomorphous, it will form an eutectic or addition com- 
pound that will remain liquid until the principal com- 
pound has solidified. Then, if the preparation is 
pressed gently with a fine rod (on the cover glass) and 
simultaneously observed through the eyepiece of a 
microscope, the melt will appear as bubbles of liquid 


a EP 


2-Aminoquinoline; This Form Appears at about 80-90°C. 
but Can Be Made Metastable by Careful Cooling. 


Figure 4. 
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which squirt from the crystal interstices where they 
have been trapped. From the amount of melt a rough 
estimate can be made of the degree of purity. 


THE USE OF FUSION ANALYSIS TO DETECT THE 
PRODUCTS FROM AN EQUILIBRIUM REACTION 


These methods found a striking example as an aid in 
the identification of certain equilibrium mixtures ob- 
tained from the reaction of 2-methyl- or 2-dimethyl- 
aminoquinoline with sodium-potassium amide. It had 
been known for some time* that quinoline in the pres- 
ence of sodium-potassium amide eutectic and excess 
alkylamine gave substituted 2-alkylaminoquinolines. 


\ \ 
a NH.- —> H 
\n7 N’\ nu, 
JOWV/\ JN/\ 
L | | |+Rnm=]{ | H |+NH, II 
VAN, He WV N’\ NHR 
‘. M+ \ 
\N’\NHR \N’ 
J\/\ JN /\ 
_ | [AMR + H0-| | [NHR + MoH Iv 
\A\n7 \/\NZ 


Where M = Naor K 


Since equation II is an equilibrium reaction, both 2- 
amino- and 2-alkylaminoquinolines should have been 
isolated. However, only one product was reported by 
the original investigators although incomplete yields 
and difficulty of purification gave ample evidence of a 
mixture being present. The case of 2-methylamino- 
quinoline was especially interesting because when 
quinoline was combined with sodium-potassium amide 
eutectic and excess methylamine in an autoclave, a 
product was obtained which was reported as melting 
from 68-81 °C.‘ This was attributed to “two crys- 
talline modifications.” It was also reported that 2- 
methylaminoquinoline in the presence of potassium 
amide could be transformed to the higher melting modi- 
fication.® 

A sample of pure 2-methylaminoquinoline, m. p. 
70-71.5 °C. (prepared by treating 2-chloroquinoline 
with methylamine in a sealed tube) was studied by this 
author and by the microscopy section of Armour Re- 
search Foundation. No stable polymorph having a 
melting point of approximately 80 °C. could be found. 

The report from Armour stated in part: “‘...an effort 
was made to see whether the compound (2-methyl- 
aminoquinoline) could exist in different solid phases. 
Although it is quite easy by fusion methods to recognize 

3’ Berestrom, F. W., H. G. Sturz, H. W. Tracy, J. Org. Chem., 
11, 239 (1946). 

4 See Reference 3, page 245. 

5 Bercstrom, F. W., Research Notebook 36, page 217, Stan- 
ford University, California. 
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Figure 5. Fusion Analysis of 2-Aminoquinoline (I) and 2-Methyl- 
aminoquinoline (II) with Solidified Eutectic between Them. 


polymorphic forms of a given compound when they 
have approximately equal stabiljty, it is occasionally 
difficult to obtain evidence for very unstable polymor- 
phic forms. However, such examination for 2-methyl- 
aminoquinoline did not indicate the existence of poly- 
morphic forms...any unstable modifications which may 
exist are very unstable and would probably not be ob- 
tained under ordinary laboratory conditions.” (As, 
for example, a simple melting point observation). 

To determine if the higher melting modification was 
due to some fortuitous mixture obtained from the re- 
action, Bergstrom’s experiment was repeated. A 
known sample of 2-methylaminoquinoline was com- 
bined with a mixture of sodium and potassium amide 
in liquid ammonia and sealed into a long combustion- 
type tube. The bright yellow solution was held at 
room temperature for seven days and then opened to 
allow the excess ammonia to evaporate in the hood. 


‘ 
Figure 6. Fusion A q (I) and 2-Dimethyl- 
aminoquinoline (II) with Eutectic Melt between Them. The Room 
Temperature Stable Modification of 2-Aminoquinoline Is Shown. 


lysi of 2-Ami FY li 
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After hydrolysis of the addition. compound and excess 
amide, the final reaction mixture was studied between 
crossed nicols of a polarizing microscope and compared 
with the pure known compounds as well as with known 
mixtures. It was at once evident that the reaction had 
yielded a mixture of 2-amino- and 2-methylamino- 
quinoline (Figure 2). 

Pure’ 2-aminoquinoline, m. p. 129-130°C., and 2- 
methylaminoquinoline, m. p. 70-71.5°C. are both 
white crystalline substances having rather similar solu- 
bilities in most organic solvents. Yet their behavior 
and appearance are unmistakable when observed 
through the microscope. From the melt, thin layers 
of 2-methylaminoquinoline have a characteristic spher- 
ite form (Figure 3) with vivid polarization colors in the 
high first and second orders. 2-Aminoquinoline, on 


the other hand, has two easily recognizable polymorphs, 
one more stable at room temperature (Figure 4). 
These substances are optically anisotropic, that is, 


Figure 7. Fusion Analysis of 2-Methylaminoquinoline (I) and 2-Di- 
methylaminoquinoline (II) with Eutectic Melt between Them. 


they exhibit different optical properties in different 
directions. When a doubly refractive material is ro- 
tated (as on a calibrated stage of the microscope) .it 
appears alternately light and dark, showing extinction 
at 90°. intervals. _ Extinction is shown whenever the 
planes of vibration of the specimen are in exact align- 
ment with those of the crossed nicols. At some inter- 
mediate position, the material appears bright against 
a dark field.* 

This phenomenon is not to be confused with that of 
optical rotation shown by asymmetric molecules in 
solution. For instance, racemic acid (no optical rota- 
tion in solution) crystallizes as optically anisotropic 
triclinic crystals. 

The eutectic formed between 2-amino- and 2-methyl- 





6 Optically isotropic substances have no effect upon the light 
which enters, between crossed nicol prisms; they appear dark like 
the field of the microscope. Only crystals in the cubic system and 
amorphous materials are isotropic. 





Figure 8. An Equilibrium Mixture of 2-Aminoquinoline from Which 
the Relative Amount of Each Component Was Estimated 


aminoguinoline is indicated by the photomicrograph 
(Figure 5). By the procedure already described for 
estimating small amounts of impurity (page 3) an esti- 
mate was made of the amount of 2-aminoquinoline 
formed in the reaction (Figure 6). This was later 
checked by actual quantitative separation using 
chromatographic adsorption and elution on alumina. 
A similar study was made with 2-dimethylamino- 
quinoline in which it was shown that the 2-dimethyl- 
amino group can be replaced by the amino group when 
the pure compound is treated with alkali amide in liquid 
ammonia. Figure 6 shows the two compounds. 
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Figure 9. Ternary Eutectic of 2-Aminoquinoline (I) 2-Methylamino- 
quinoline (II) and 2-Dimethylaminoquinoline (III) 





Furthermore, when 2-dimethylaminoquinoline was 
treated with lithium methylamide in anhydrous ether 
and an inert atmosphere, 2-methylaminoquinoline 
could be isolated. In view of the fact that both 2-di- 
methylamino- and 2-methylaminoquinoline both melt 
at approximately 70°C. and are recrystallized from the 
same solvent, the usual methods of detection and separa- 
tion could not be employed. The fusion analysis 
shown in Figure 7 indicates also the characteristic 
pattern of 2-dimethylaminoquinoline from the melt. 
While it exhibits brilliant polarization colors, it never 
shows the spherite form of 2-methylaminoquinoline. 


EARLY PENNSYLVANIA PAPER MAKING 


(Continued from page 158) 


Pennsylvania still is among the first three states as 
regards number of firms and mills engaged in the paper- 
making business. Lockwood’s list for 1940 shows 46 
firms, 53 paper mills, and 11 pulp mills. However, the 
capacity of some of the newer mills of the western and 
southern states is so much greater than that of the 
older mills that the picture is not truly represented. 
The consumption of wood pulp by Pennsylvania mills 
was given (13) in 1922 as about 8 per cent of the total 
amount of some six million cords consumed in the 
United States. 
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A PUNCHED-CARD SYSTEM FOR CHEMICAL 
LITERATURE 


Tue great interest recently shown in the application 
of punched-card techniques to the indexing of scientific 
literature has led to the publication of a number of 
systems for this purpose. In adding yet another to this 
rapidly growing list, the writer has been influenced by 
the opinion, by no means authoritative, that for use by 
an individual who will not usually have access to 
elaborate classifying devices, complex coding methods 
are not practical, and that methods must be found 
which do not involve such procedures, even if those 
methods entail a decreased selectivity in the locating 
of particular data. From the writer’s point of view, the 
property of punched cards most useful for the purpose 
under consideration is that of providing a ready means 
of cross indexing without the necessity of duplicating 
entries, and the scheme described here is intended te 
take full advantage of that property. 

It will be obvious that this-system has been special- 
ized for its particular purpose and will suffer from the 
usual disadvantages of such specialization, though the 
writer hopes that the principles developed may prove 
to have some wider utility. 


CHOICE OF A PARTICULAR SYSTEM 


The choice of the system to be used obviously de- 
pends upon its purpose, and only an expert in classi- 
fication would be qualified to make general statements 
concerning the requirements of diverse fields of knowl- 
edge. The writer specifically disclaims such expert- 
ness, and wishes it clearly understood that the system 
described below is still chiefly experimental. It is 
offered more as an outline of a somewhat unusual 
method, possessing its own special advantages and 
disadvantages, than as a complete solution to the prob- 
lem, even in the field for which it was designed. This 
system was planned to provide a reference system to the 
published literature and other data, especially as it re- 
lates to heterogeneous catalysis, adsorption, and re- 
lated phenomena. It is primarily designed for an 
individual who will use it only as an adjunct to his 
regular work, and whose interests may change from 
time to time. For this reason flexibility and simplicity 
of operation have been strongly emphasized, even at 
the expense of selectivity. In the writer’s opinion a 
system intended to serve this purpose must: 

(1) Find without fail all the data sought. This 
applies even to particular data. Thus the system should 
find all entries dealing with, say, heat of adsorption, 
even if this item represents a small fraction of a pub- 
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lication on an entirely unrelated subject. Extensive 
cross indexing is therefore essential. 

(2) Be sufficiently flexible to accommodate entries 
on subjects not anticipated when the scheme was first 
set up. 

(3) Reduce duplication of entries to a minimum. 

(4) Eliminate the use of a code book, or at least use 
a code that depends only upon general and easily re- 
membered directions. 

(5) Avoid the use of complex sorting or punching 
machinery. 

(6) Use a card large enough to allow direct record- 
ing of data, or an average abstract, and small enough 
to be carried in a pocket. 


DESCRIPTION OF THE SYSTEM 


This scheme is based upon the postulate that ordi- 
nary sentence structure is in itself a classification 
system, and that by the application of rules designed to 
standardize sentence arrangement, the contents of a 
publication can be written as one or more standard 


. sentences whose key words can then be punched 


directly on the card. As will be anticipated, the diffi- 
culty with this procedure appears when one attempts 
to formulate the rules for standardization. In practice 
this seems to involve an analysis of sentence structure 
along functional rather than grammatical lines, and is 
probably best deseribed by reference to specific cases. 

An examination of Figure 1 will show four principal 
fields, each of which contains a complete alphabet. 
Each of these fields is intended to contain one of the 
sentence elements, and they may severally be described 
as follows: 7 

(a) Substances-Reactants. This field contains the 
material bodies upon which operations are performed 
or which take part as reactants in chemical reactions. 
It should be noted that material substance and not 
subject is indexed here. 

(b) Operations-Reactions. Describes the operation 
or reaction performed on the substance. 

(c) Properties-Catalyst-Adsorbent. Fundamentally 
this field codes properties of substances, the remaining 
two titles were added in this case because of the special 
interests of the writer. 

(d) Products-Apparatus. Contains products of re- 
actions or means used to carry out operations, 7. ¢., 
apparatus in the most general sense. 

In addition to the four main fields there are two 
triangular numbered fields. That in the upper right is 
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very imperfect ‘one, to per- 
form the required sentence 


4 by e\ejele 
analysis. Defects in this 
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Tages: scheme, and some are al- 
ready apparent, should not 
be held to condemn the 
principle involved unless it 
can be shown that no more 
successful analysis can be 


performed. 


ALPHABET 


In order to. provide four 
complete alphabetical fields 
without consuming all the 
space on the cards, and 
without employing an “in- 
side punch,” which is incon- 
venient to use, a special 
alphabetical arrangement 


Aa ut 








Figure 1 


used to code the initial letter of the author’s name, and 
that in the lower left for other proper names associated 
with theories, phenomena, etc., discussed: ¢. g., @ 
paper by Jones on the Tyndall effect would have the 
code number for J in the upper right and T in the lower 
left punched. It is apparent that this system could 
have been improved by having letters rather than 
numbers printed on the cards. 

The single row of holes on the right represent classi- 
fications of a general nature; some of them are peculiar 
to the author’s interests and need not be described, 
some that are of wider interest are: 


App.—Identifies a reference dealing especially with 
apparatus, construction, use, calibration, etc. 

Rev.—Identifies a review article 

Th.—Theoretical or general discussion 

Prop.—General description or properties of a sub- 
stance 

Meth.—Describing methods of measurement, analy- 
sis, etc. 

Acc.—Discussing accuracy or limitations of a method, 
apparatus, etc. 

Da.—Containing numerical data 

Ref.—Important source of references, bibliography 
etc. 


Usually more than one of these places will be punched 
for a given article. 


Only one of the single holes on the left is of general 
interest; that marked “uncertain” or “further classi- 
fication,”’ is left unpunched when it is felt that the 
classification of a particular item is not satisfactory or 
is subject to future revision. This provides a means of 
periodically reviewing all such items in the light of fur- 
ther experience. 

It should be emphasized here that this scheme repre- 
sents merely the writer’s attempt, and probably a 


was devised. This arrange- 
ment depends upon the fre- 
quency of occurrence of initial letters in subject indexes. 
The frequency was obtained by counting index pages in 
the subject indexes of Chemical Abstracts Decennial In- 
dexes for 1907-16 and 1927-36 and, for comparison, 
pages in Webster’s Unabridged Dictionary, and convert- 
ing to probability of occurrence. These probabilities 
turn out to be reasonably similar for the two Decennial 
Indexes but significantly different for Webster. The 
probabilities from the 1927-36 Decennial Index, shown 
in Table 1 below, were chosen as a basis for the final 
scheme, and in order to avoid the occurrence of very low 
or very high probabilities and to give an even number 
(24) of entries, C and P were subdivided and J-K, Q-U, 
and X-Y-Z grouped. Listing is in order of decreasing 
frequency. 








Probability 


0.037 
0.037 
0.035 
0.035 
0.033 
0.031 
0.027 
0.019 
0.014 
0.014 
0.010 
0.007 


Total 0.299 





0.054 
0.053 
0.043 
0.043 
0.041 
0.039 


Total 0.697 





For placement on the cards the letter entries are 
grouped in pairs, the most probable with the least 
probable (A with J-K), second most probable with 
second least probable (S with X-Y-Z) and so on. These 
pairs are printed on the cards as shown with the most 
probable member of a pair occupying the inner hole. 
Letters are punched with deep or shallow punches and 
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are sorted as follows: to sort for an ‘inner’ letter, 
needle the inner hole—only the selected letter will fall; 
to sort for an “‘outer”’ letter first needle the outer hole— 
both inner and outer letters will fall, then needle the 
inner hole of the fallen cards and reject the falls. A 
glance at the totalled probabilities above will show that 
this double operation will have to be performed for 
about one-third of the letter entries. A more serious 
difficulty arises when indexing requires the punching of 
both inner and outer letters in the same field, since the 
outer letter could not be sorted under these circum- 
stances. This would happen for example if Heat of 
Reaction were to be indexed. If a satisfactory substi- 
tute cannot be found for such a title, it is necessary to 
prepare two cards, one with the outer and one with the 
inner letter punched. One of these cards will then refer 
to the other, on which the information is recorded, by 
showing the holes to be needled to find the card con- 
taining the information. As a simple calculation will 
show, the probability that two letters occurring with 
frequencies given in Table 1 will fall on inner and outer 
holes of the same pair is about 1.5%, so that not many 
such reference cards will have to be prepared. 

It should be noted that both double sorting for outer 
letters and the preparation of reference cards because 
of the coincidence of inner and outer letters can be 
avoided by the use of an “inside”? punch, but the 
writer considers that these advantages are more than 
outweighed by the very considerable inconvenience of 
sorting cards punched in this way. 


USE OF THE SYSTEM 


The operation of this system is probably best shown 
by a few examples. Those which follow are taken at 
random from Chemical Abstracts, 42, No. 4 (1948), 
which should be consulted for details of the abstracts. 

Column 1090, c; Annealing furnace of the muffle type. 
This is obviously classified under apparatus and would 
be punched in the Preducts-A pparatus field, best under 
both adjectives—that is, F for furnace, A for annealing, 
and M for muffle. In addition App. would be punched 
along the right edge. 

Column 1109, e; The electrostatic theory of the hydro- 
gen bond. Experience has shown that this type of 
abstract, dealing with more or less general theory, is 
difficult to handle in this system, because this kind of 
coding requires a sufficient knowledge of the subject 
matter to enable the coder to analyze the article as to 
content and not merely by title. No one person can 
do this for all the fields of science, but it must be re- 
membered that this system-is designed for an indi- 
vidual to cover the fields with which he is concerned 
and in which he therefore has the requisite knowledge. 
In this system the abstract would be coded as follows: 
under Substance-Reactanis: Methyl Alcohol; under 
Properties: Potential Energy, Structure, Molecular 
Forces; along right edge: Th. 

Two points of interest are brought out by this‘ab- 
stract. The first is the term “Molecular Forces” which 
has become in the writer’s code a standard locution 
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used for a number of related phenomena, as intermo- 
lecular attraction, van der Waals’ forces, hydrogen 
bonds, ete. Such standard terms are entered in a code 
book for reference, as it is clearly important that the 
same term shall always be applied. Thus a code book is 
necessary with this system, but the entries are of a kind 
easily remembered, and the book does not often have 
to be used. 

The second point is the rather obvious fact that the 
coding of such an abstract requires an appreciable 
amount of analysis and is therefore time-consuming, 
but the resulting analysis is recorded in permanent and 
available form and when this information is sought 
again irrelevant material is automatically rejected, so 
that it is unnecessary to read and analyze again a large 
number of unfruitful abstracts. 

Column 1124, d; Exchange of carbon dioxide between 
barium carbonate and the atmosphere. This can be re- 
garded as a reaction: BaC!4O; + C70, = B,C?0; = 
CO, and coded as such, 7. e.; Barium Carbonate and 
Carbon Dioxide under Reactanis; the same under 
Préducts; Exchange under Reactions. In addition the 
author would code the locution Reaction Mechanism 
under Properties, and Data along the right edge. 

Column 1125, a: Reciprocal Lattice. This abstract 
raises a question that occurs repeatedly in this system. 
It is coded under x-Ray Diffraction, but there is a 
doubt in some cases as to whether this entry is to be 
made under Operations or Properties. The writer has 
made the decision as follows: if the abstract discusses 


’ X-Ray Diffraction as a method, e. g., for structure deter- 
mination, it will be entered under Operations; if data 
is given for particular substances or classes of sub- 
stances, it will be entered under Properties. Clearly in 
the case of some abstracts entries will be made in both 
places, but in this abstract only under Operations. 
Theory would be punched along the right edge. 


PERFORMANCE 


The writer has accumulated over the past several 
years a file of about 1500 cards using this system and 
bearing upon his particular fields of interest. As this is 
probably a large enough file to yield data of some 
validity, it may be worth while to report‘a few examples 
of its performance. Table 2 gives some data on the 
selectivity of the system, its weakest point. Thus it 
will be seen that in unfavorable cases somewhat less 
than half of the fallen cards actually contain the item 
sorted for, but this fraction is quite variable. Usually, 
of course, a single sort of this type would be followed by 





TABLE 2 





—Cards Fo ind-—* 
Sort Total Relevant 


Heat of Wetting 4 
Heat of Adsorption 41 
Structure 170 
Surface Area 33 
Surface Tension 20 
Aluminum Pegs 
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a subsort for more specialized information and the re- 
sults of some typical subsorts are shown in Table 3. 
It will be observed that as a result of this second opera- 
tion the fraction of relevant cards is generally, but not 
always, raised. What is more important is that the 
total number of cards found is now reduced, even in 
unfavorable cases, to a reasonable number; and it will 
easily be seen that as large a number as sixty-four falls 
only in the case where both first and second sorts were 
for single letters, a condition to be avoided. 





TABLE 3 





Found——~ 
Relevant 


—Cards 
Subsort Total 


X-Ray Diffraction 28 
Clays 64 
Measurement 18 
Apparatus 2 
Measurement 6 
Data 11 
Oxides 44 


Item of 
Table II 
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Finally it should be remarked that the system has 
proved not inconvenient to use, a sort for a two-letter 
entry requiring perhaps ten minutes, and that experi- 
ence with the system bears out the conclusions drawn 
from the data of Tables 1 and 2. 
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QUALITATIVE SEPARATION OF COPPER AND 
CADMIUM BY SODIUM DITHIONITE (Na;S.0.)' 


Many methods have been used for the identification 
of cadmium in the presence of copper. Generally the 
copper is first precipitated by some reagent or the cop- 
per is converted to a stable complex so that the cad- 
mium could be precipitated without interference from 
the copper. Doubtless the best of all methods is the 
one in which sodium or potassium cyanide is added to 
an ammoniacal solution containing copper and cad- 
mium ions. This method invariably yields good re- 
sults and, except for the danger involved in the use of 
cyanide, would doubtless be the standard method for 
the identification of cadium in the presence of copper. 
However, because of the danger involved, especially in 
the freshman laboratory, the method is seldom recom- 
mended for use with beginning classes. 

A second method which has been rather widely used 
depends upon the precipitation of copper by a finely 
divided metal such as iron from a weakly acid solution 
containing copper and cadmium ions. This method 
appears in many textbooks and is perhaps the most 





1 Presented before the Division of Chemical Education at the 
114th meeting of the American Chemical Society, Portland, Ore- 
gon, September 13-17, 1948. 


‘P. C. GAINES and RAY WOODRIFF 


Montana State College, Bozeman, Montana 


widely used in elementary courses in qualitative analy- 
sis. However, in the experience of the authors this 
method has not given satisfactory results in the hands 
of students. 

Many other methods may be found in the literature. 
For example, Ray and Bose? proposed the use of quin- 
aldic acid. This method depends upon the precipita- 
tion of copper quinaldate from a sulfuric or acetic acid 
solution. A second method? involves the use of 1% 
alcoholic solution of phenolphthalein. The phenol- 
phthalein is adsorbed by cadmium hydroxide giving a 
crimson color. Copper hydroxide does not adsorb the 
dye. This method requires the removal of all ammo- 
nium salts and is, therefore, long and tedious. The 
results are not very satisfactory. Other methods in- 
volve: (1) the separation of copper as cuprous thio- 
cyanate; - (2) precipitation of copper with salicylal- 
doxime;* (3) the use of sodium potassium tartrate to 





2 Ray, P., anp M. K. Boss, Z. Anal. Chem., 95, 400 (1933). 
3 Sacus, J. Am. Chem. Soc., 62, 3514 (1940). 

4 Braw ey, D., J. Cuem. Epuc., 18, 434 (1941). 

5 Brere.p, L. P., J. Comm. Epuc., 18, 525 (1941). 
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prevent the precipitation of copper; cadmium being 
precipitated with sodium hydroxyde;* and (4) the use 
of sodium thiosulfate to precipitate copper in the 
presence of cadmium.” None of these methods gives 
entirely satisfactory results. 

Desirous of finding a method which would be safer in 
the hands of a freshman student than the cyanide 
method and would at the same time give consistently 
good results, the authors investigated various methods 
of removing copper from solutions of copper and cad- 
mium. One of the reagents which showed most prom- 
ise was sodium dithionite, and this appeared so promis- 
ing that further tests were carried out to confirm its 
suitability. This reagent, Na,.S.Q,, is also known as 
sodium hyposulfite and sodium hydrosulfite. How- 
ever, the American Chemical Society Committee on 
Nomenclature has recently recommended the name 
sodium dithionite.® 

Addition of this reagent in excess to an ammoniacal 
solution of copper causes rapid and complete reduction 
of the copper ion to metallic copper. Reduction in the 
cold gives a precipitate containing some colloidal copper 
which is difficult to filter: For this reason the solution 
to which the dithionite was added was always heated to 
boiling before filtering. The solution was filtered and 
washed immediately after heating to avoid any possible 
reoxidation of the metallic copper by the air. 

Addition of the dithionite to cadmium solutions of 
ordinary concentrations gave no perceptible reaction 
under the conditions described above. 

A number of separations were carried out with solu- 
tions containing 500 mg. or more of copper with various 
quantities of cadmium. The volumes ranged between 
50 ml. and 100 ml. The following case may be cited to 
illustrate the procedure. A solution containing 500 mg. 
of Cu+* and 5 mg. of Cd++ was made distinctly alka- 
line with ammonia and 2 g. of sodium dithionite added. 
The solution was boiled 2 to 3 minutes and immediately 
filtered and washed. In case the filtrate showed any 
blue color more dithionite was added, the solution 
heated and refiltered. (If the filtrate is reddish, indicat- 
ing the presence of finely divided copper, filtration alone 
will generally suffice.) Passing hydrogen sulfide into 
the filtrate invariably gave a definite yellow precipitate 
indicating the presence of cadmium. Solutions con- 





6 Grittot, G. F., anp Kewuey, Ind. Eng. Chem., Anal. Ed., 17, 
458 (1945). 

7 Sarunt, I., Z. Anal. Chem., 127, 161 (1944). 

8 Fernewius, W. C., Chem. Eng. News, 26, 161 (1948). 
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taining 500 mg. of Cut+ and 2 mg. of Cd++ gave only 
a yellow coloration to indicate the presence of Cd**. 
Thus, under the conditions used for the separation the 
test would not appear to be sensitive to amounts of 
Cd*+ less than 2 mg. in the presence of 500 mg. of Cut* 
in a volume of 100 ml. 

A number of experiments were carried out to deter- 
mine the best concentration of ammonia for the separa- 
tion. It was found that as long as an excess of ammonia 
was present the actual concentration seemed to be of 
little importance. 

In investigating the quantity of dithionite required it 
was found that 500 mg. of Cu++ required approximately 
2 g. of the salt for complete reduction. An excess of the 
reagent was found to cause no difficulty in the separa- 
tion. 

It was found that cadmium could be detected in the 
presence of any Group 2 metals except arsenic by the 
method described above for the separation of copper 
and cadmium. Addition of dithionite to the alkaline 
solution containing arsenic yielded a reddish brown pre- 
cipitate which required large amounts of dithionite for 
complete precipitation. In fact, it is doubtful if arsenic 
can be quantitatively removed by dithionite in any 
amount. 

The addition of H.S to the filtrate obtained by filter- 
ing the reddish brown precipitate gave a light yellow to 
brick-red precipitate. This precipitate contained vary- 
ing percentages of sulfur and arsenic depending on the 
color and is perhaps a mixture of the lower sulfides of 
arsenic. Further investigation of this problem will be 
undertaken at some future time. 

Sodium dithionite has been used at Montana State 
College for the separation of Cu++ and Cdtt in the 
regular qualitative scheme for two years. The results 
have been exceptionally good. In fact, it has been a 
rare occasion when a student failed to report cadmium 
correctly, whereas other methods gave very poor re- 
sults. (Cyanide has not been used as a reagent with 
freshman classes.) 


CONCLUSIONS 


(1.) Sodium dithionite can be used in ammonical 
solutions to separate copper from cadmium. 

(2.) The concentration of ammonia and dithionite 
is not critical as long as each is present in excess. 

(3.) The method is applicable in the presence of 
other Group 2 cations except arsenic. 

(4.) The method is rapid and gives good results in 
the hands of inexperienced students. 
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THE DECOMPOSITION OF SILVER OXIDE— 
AN AUTOCATALYTIC REACTION 


GEORGE C. HOOD, JR., and GEORGE W. MURPHY 
University of Wisconsin, Madison, Wisconsin 


INTRODUCTION 


THE kinetics of the decomposition of silver oxide has 
been investigated by G. N. Lewis,! who found the reac- 
tion to be autocatalytic proceeding with a measureable 
rate in the range 300° to 400° C. Relatively simple 
equations were derived which described the progress of 
the reaction in quite a satisfactory manner. For the 


student of physical chemistry the reaction can be con-. 


sidered as a logical step just beyond the customary 
first and second order hydrolysis reactions. The experi- 
mental technique is simple enough to consider its appli- 
cation to the undergraduate physical chemistry labora- 
tory. 


THEORY 


Lewis assumed that the reaction rate was propor- 
tional to the amount of silver oxide and silver present 
and formulated the following relation: 

dx 

a 7 ex)G - X) (1) 
where k is the reaction rate constant, X the fractional 
number of mols of silver oxide decomposed, and (1—X) 
the fractional number of mols of silver oxide undecom- 
posed. Equation (1) is readily integrated to yield 


a 


x 
In a ales kt + constant (2) 


A plot of In — against ¢ gives a straight line if the 
data are consistent with the assumed rate dependence, 
and the rate constant may be obtained from the slope 
of the line. The integration constant is minus infinity 
in the absolute sense, but may be eliminated by arbi- 
trarily setting zero time at the point where half the 
silver oxide is decomposed. The resulting equation 
may be solved for X explicitly as a function ¢ to yield 


1 


X= Typ ew s 


where ¢’ refers to the new time scale. Differentiating, 
one obtains for the rate as a function of ¢’ 


ax k Bois Ms 


dt ~ (72 t ew) = 4 2 (4) 





The rate is seen to be a maximum at ¢’ = 0, and k is 
equal to four times the maximum rate. The approxi- 
mate shape of the curves obtained from equations (3) 
and (4) may be observed in figures 3 and 4. 


The constants in the Arrhenius equation may be 
computed from rate constants determined at different 
temperatures. 


APPARATUS 
Since a thermostat with an operating temperature of 
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' Lewis, G. N., Z. physik Chem., 52, 310 (1905). 
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300 °C. and above was not available on the market, it 
seemed advisable to develop one. The result, shown in 
Figure 1, is a simple, inexpensive thermostat which can 
be controlled to +0.1°C. without using a relay, and is 
quickly resettable to any temperature within its range. 
A cylinder of solid aluminum cut from 4-in. diameter 
rod is used to insure rapid heat distribution between the 
elements; thus, stirring problems and hot bath liquids 
are avoided. Aluminum was chosen because of its 
lightness, corrosion resistance, high heat conductivity, 
and ready availability. The regulator used is a Fenwal 
cartridge-type ‘“Thermoswitch’’? with a stated range of 
100° to 600°F. (38° to 315°C.). 

In practice it was found that the upper limit could be 
extended to 340°C. without noticeable ill effects. The 
same company also manufactures regulators to cover 
higher temperatures, but these are more expensive and 
are inconveniently large for this pyrpose. A single 120- 
watt cartridge heater® was sufficient to maintain the 
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Figure 3. Oxygen Liberated as Function of Time 


thermostat at any desired temperature within the range 
when placed in series with the regulator. A second 120- 
watt heater could be switched on in order to bring the 
system to operating temperature rapidly. 

The casing of the thermostat is a can made of 20-gage 
galvanized iron and is provided with a transite lid. 
About two inches of clearance are maintained between 
the casing and the block for insulation purposes. 
Magnesia block serves as very efficient insulation, and 
has enough rigidity to support the aluminum block 
A loose insulator 
such as glass wool may be used between the lid and the 
block. 

Leads from the heaters and the regulator are brought 
to a Despard fitting attached to the casing. This fitting, 
available at any electrical supply house, is provided 
with two switches and a pilot light to indicate when the 
controlled heater is on. ; 

Holes are drilled into the aluminum block to receive 
the heaters, regulator, sample tube, and thermometer. 

This thermostat has functioned so successfully in this 
investigation that we can recommend it to fill the long- 
existent need for a simple, general utility thermostat in 
the 300° temperature range. 

The system for studying the decomposition is shown 
in Fig. 2. It consists of (G), a sample tube with a rub- 
ber stopper and a side arm leading by means of rubber 
tubing to (H), a gas buret made from a 10-ml. pipet and 
a leveling tube (K) of about the same diameter as the 
buret. Water is used as the confining liquid. 


PROCEDURE 


In order to complete observations on a given sample 
in the usual laboratory period (3 to 4 hours) a certain 
quantity of finely divided silver must be added to the 
silver oxide to obtain a finite initial velocity. With 
temperatures somewhat over 300°C. it was found con- 
venient to mix intimately about 0.01 g. of silver with 
0.15 g. of silver oxide and to use this as astarting sample. 

The silver was prepared by precipitation from silver 
nitrate solution with copper wire and was thoroughly 





2 Manufactured by Fenwal, Inc., Ashland, Massachusetts. 
* Manufactured by the General] Electric Company, Schenec- 
tady, New York. 
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washed and dried before using. The silver oxide used 
was Mallinckrodt’s U.S.P. IX. 

Since it takes about an hour to heat the thermostat 
to 300°C. the samples can be prepared while the block 
is heating up. With the size sample suggested it was 
found suitable to make runs at temperatures between 
300° and 330°C. Both switches on the thermostat are 
turned on until the desired temperature is obtained. 
Switch $1 is then turned off and the temperature main- 
tained by the controlled heater. 

The empty sample tube is placed in the thermostat 
during the heating period and the air in the system is 
allowed to come to temperature equilibrium before the 
sample is introduced. When equilibrium is reached, as 
evidenced by no further change in the volume of the 
air, the sample is placed in the tube. A plug of glass 
wool is inserted to minimize diffusion, the tube is stop- 
pered and the liquid in the gas buret is leveled with the 
leveling tube. The timing device is started and obser- 
vations of the increasing volume of gas are made at 
corresponding times. It is convenient to observe the 
time at definite volume intervals. 

A partial immersion thermometer was used in this 
investigation. The immersion mark was placed half way 
between the lid and the block to eliminate stem correc- 
tions. The thermometer was calibrated at the freezing 
point of lead (327°C.). 
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Figure 5. Data Plotted According to Equation 2 


RESULTS 


The course of the reaction at a given temperature can 
be observed by plotting the volume of oxygen produced 
(corrected to standard conditions of temperature and 
pressure and for the vapor pressure of water) against 
time. Curves for three temperatures are shown in 
Figure 3. 

By taking the differential dX /dt as a function of time, 
the set of curves shown in Figure 4 is obtained. The 
time has been calculated from the point of maximum 
rate. All of the curves exhibit a maximum rate which 
occurs when the reaction is approximately one-half 
completed. 

In Figure 5, log X/(1—X) is plotted vs. time for each 
temperature in accordance with equation (2). In com- 
puting log X/(1—X) it is necessary to take into account 
the silver which was added to the oxide. If we start 
with a moles of Ag,O and b moles of Ag,O equivalent to 
the silver added, and call x’ the moles of Ag,O equiva- 
lent to the oxygen produced, then equation (2) becomes 
2’ +6 
e+ (5) 

The rate constants determined from Figure 5 and 
those from Figure 4 are listed in Table 1. 


In 





Table I 








k ~ 
From Fig. 4 
0.00136 
0.00078 
0.00055. 


From Fig. 5 
0.00129 
0.00081 
0.00053 
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Figure 6. Influence of Temperature on Rate 
Constant 


JOHN READ 


““T' ue full value of science as an educative and cultural 
influence cannot be exercised by presenting it baldly as 
a regimented system of facts, laws, and theories. All 
chemists have a richly humanistic birthright of history, 
literature, and art: is this heritage to be entirely neg- 
lected, or, at the best, dismissed as something less in 
value than a mess of pottage? . . . It is not too much to 
claim that the study of chemistry, if approached befit- 
tingly, may reasonably take rank beside the so-called 
humanities as a broadly educative, cultural and human- 
ising influence; and that the specialised outlook which is 
becoming increasingly bound up with the trend of 
scientific research may be alleviated by the cultivation 
of an interest in the broad humanistic aspects of sci- 
ence.” In these sentences John Read has stated his 
educational credo. By his life, writings, and recrea- 
tional activities he hasedemonstrated that there is no 
mutually exclusive antagonism between the arts and 
sciences; rather they complement each other, and any 
rational system of modern education must be a blend of 
each. 

This eminent British chemist, teacher, historian, and 
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The ratio of the rate constants for a 10° temperature 
difference is calculated to be 1.50 compared to 1.53 
found by Lewis. 

Figure 6 is a plot of log k against 1/7. From the 
slope and intercept of this line, the Arrhenius equation 
for this reaction is determined to be 


k = 2.54 X 10% e—25,600/1,.9877 
CONCLUSIONS 


The data obtained for this reaction are as good or 
better than that found in the customary kinetics studies 
in the physical chemistry laboratory. It has much to 
offer in the way of illustrating the fundamental prin- 
ciples of kinetics which are not covered by conventional 
reactions. For this reason it had been instituted as a 
regular experiment in the physical chemistry laboratory 
at the University of Wisconsin, and can be recom- 
mended for general application. 
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writer was born on February 17, 1884 in the English 
West Country, where for centuries his ancestors were 
yeoman farmers. His chemical education was begun at 
Sexey’s School, Bruton, Somerset, and continued at 
Finsbury Technical College, London; his principal 
teachers at this college were F. W. Streatfield and 


Raphael Meldola. After completing the college course 
and serving a term as chemist in the Thames, Con- 
servancy Laboratory, he enrolled (1905) at the Univer- 
sity of Ziirich. He worked under Alfred Werner! and 
gained the Ph.D. degree with a dissertation on an or- 
ganic-stereochemical topic (“Untersuchungen in der 
Cumar- und Cumarinsiurereihe’’) that had no bearing 
on the epoch-making coordination theory. 

Returning to England, Dr. Read began at Man- 
chester (1907) his close association with another great 
stereochemist, W. J. Pope, who in 1908 was elected to 
the chair of chemistry at Cambridge. He took Read 
with him as research assistant. For eight years they 
carried out joint researches at Cambridge, and among 
other successes accomplished the first optical resolution 


1 PrerrFer, P., Tu1s JouRNAL, 5, 1090 (1928). 
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of a centroasymmetric compound (1-methyl-cyclo- 
hexylidene-4-acetic acid)»and the synthesis of the sim- 
plest molecularly asymmetric compound known (chloro- 
iodomethane sulfonic acid). These chemical triumphs 
brought Read his promotion to a chair. 

In 1916 he went to Australia as Professor of Organic 
Chemistry, Pure and Applied, in the University of 
Sydney, where he succeeded Robert (later Sir Robert) 
Robinson, the first occupant of this chair. Here, 
largely owing to the influence of that great pioneering 
worker, H. G. Smith, he developed an intense interest in 
the chemistry of the Australian flora. He returned to 
Britain in 1923 to his present position: Professor of 
Chemistry and Director of the Chemistry Research 
Laboratory in the United College of St. Salvator and 
St. Leonard, University of St. Andrews, Scotland. 

With various collaborators he has published con- 
siderably more than a hundred papers in the fields of 
organic and stereochemistry. Among his principal 
research topics are: terpenes and camphors; essential 
oils of eucalypts ‘and other plants; petroleum; Aus- 
tralian “marine fiber’ and other natural products; 
halogenohydrins; methods of optical resolution; sim- 
ple asymmetric substances, etc. His investigation in 


the terpene series led to the establishment of the rela- 
tive molecular configuration of the menthcnes, men- 
thols, and menthylamines, a major achievement in this 
field of organic chemistry. During the war of 1914-18, 
he conducted research for the British government on 
explosives, and during World War II, he wrote for the 


“Pelican” series, a popular exposition of “Explosives” 
(London 1942), which achieved a world-wide circulation 
and has been translated into Spanish. His ‘Textbook 
of Organic Chemistry” (1926) and “Introduction to 
Organic Chemistry” (1931) have together gone through 
more than twenty issues. “A Direct Entry to Organic 
Chemistry” (1948), written for the well-known Methu- 


en’s ‘“Home Study Series,” provides a fresh approach to — 


this important branch of chemistry. He has also writ- 
ten articles on chemistry and alchemy for the ‘‘Encyclo- 
pedia Britannica” and Chambers’ “Encyclopedia.” 
Dr. Read’s interest in alchemy and historical chemis- 
try seems to have developed from his association with 
The University of St. Andrews (founded 1411), the 
third oldest university in the British Commonwealth. 
In addition to numerous contributions to Ambziz, 
Endeavour, Scientia, Chymia, and other periodicals 
devoted to the history of science, he has composed a 
trilogy of authoritative yet easily readable books in this 
field. These are not formal histories of chemistry, nor 
accounts in exhaustive detail of the origin and develop- 
ment of the science. They contain liberal amounts of 
the human touch, without which history usually re- 
mains hopelessly dull. His remarkable ‘Prelude to 
Chemistry” (London, 1936, 1939; New York, 1937) 
has been appraised by reviewers in terms such as: ‘Un- 
like most works on alchemy, it is sympathetic and sensi- 
tive”; “It may be appropriately classed among the 
belles lettres of chemistry.”’ His “Humour and Human- 
ism in Chemistry” (London, 1947) gives, in a humorous, 


‘able collection he has assembled at St. Andrews. 
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attractive, and original way, the continuation of the 
story of chemistry down to modern times. “It shows 
Read’s erudition and genial humour at their best... . 
The idiosyncrasies of the great chemists of the last 
century are revealed to us in episodes of sheer delight.” 
“The Alchemist in Life, Literature and Art’’ (London 
and Edinburgh, 1947), like the others, is copiously 
illustrated, largely from original material in the valu- 

éc A 
most remarkable confluence of interests in a lively mind 
receives happy expression in these volumes.” 

Professor Read’s interests extend into literature, art, 
philosophy, music, and, general history. His “Historic 
St. Andrews and Its University” (1939) has gone 
through several editions. In the west of England, 
where he became a frequent visitor to Thomas Hardy at 
Dorchester, he is known as a writer and dramatist in 
the quaint Somerset dialect. As early as 1910 he 
founded a group of rustic players (farmhands, shep- 
herds, waggoners, etc.), to perform his plays in the vil- 
lages of Wessex. His prose writings of this region “‘tell 
of simple but shrewd country men as fond of gossip as 
of fun and cider; they mingle old customs, strange be- 
liefs, local habits, quaint folk songs, and stories of all 
kinds, in rich profusion.” He is never happier than 
when conversing in this ancient speech with his farmer 
friends over a mug of “zidur.” Travel is also one of 
his recreations. He has taken Canadian students 
around Europe, and conducted a party of St. Andrews 
students on a visit to Canada. Last summer (1948) 
about one hundred American students attended St. 
Andrews, and Professor Read gave them some illus- 
trated lectures on the transition from medieval to 
modern science. In 1935 he took a section of the St. 
Andrews University Choir, in their traditional scarlet 
gowns, to the Royal Institution in London, where they 
sang some of Count Michael Maier’s alchemical fugues* 
resuscitated for the occasion after a lapse of more than 
three centuries. It is significant that the dedication of 
his “Humour and Humanism in Chemistry” runs, ‘“To 
My Pupils,” and in October, 1948, he was accorded the 
rare distinction of a Silver Jubilee Dinner from his 
students to celebrate his twenty-five years in the St. 
Andrews chair. 

The catholicity of Professor Read’s active interests 
shows that he practices what he preaches. He is the 
only chemist whose scientific books have evoked full- 
page special articles in the world-famous humorous 
periodical Punch. His chemical achievements have 
been duly recognized and he has been a Sc.D. (Cam- 
bridge) since 1934 and a Fellow of the Royal. Society 
since 1935. His “Specialization and Culture,” de- 
livered September, 1948, as his Presidential address be- 
fore the Chemical Section of the British Association for 
the Advancement of Science deserves to be read by 
every teacher and practicing chemist who is anxious to 
avoid becoming what Sarton has so aptly described as 
“‘, poor sort of man, a man whose mind is as sharp and 
as narrow as a knife-edge.”” 


2 See Rnap’s “Prelude to Chemistry,” Appendix. 








e 247th Meeting, October 16, 1948. Westbrook 


Junior College, Portland, Maine. 

The 247th meeting of the N.E.A.C.T. was held at 
Westbrook Junior College, Portland, Maine, on October 
16, 1948. It was opened by greetings from Edward 
Victor, the chairman of the Science Department at the 
College. Robert S. Scull, vice-president of Burnham 
and Morrill Company, Portland, Maine, spoke on “A 
Biochemist Looks at Foods,” and presented some of the 
problems that are met in the canning industry. The 
second speaker was Roger Clapp of the University of 
Maine, Orono, who discussed ‘A Survey of Problems 
and Practices in Hydroponics.” The afternoon speaker 
was S. F. Richardson of the General Electric Company, 
Lynn, Mass., who presented a paper on “Turbo-Jets.” 

President John R. Suydam announced that George 
D. Hearn, Classical High School, Worcester, Mass., had 
been appointed Chairman of the Eleventh Summer 
Conference and that the Association had accepted the 
invitation of the University of New Hampshire, Dur- 
ham, to return to its campus during the third week of 
August, 1949. 


e Committee on Education 


A Committee on Education, the principal function of 
which is to revise the 1939 Syllabus! of the New England 
Association of Chemistry Teachers for the secondary 
school college preparatory chemistry course, was an- 
nounced, the membership being as follows: John P. 
Brennan, Somerville High School; J. S. Coles, Brown 
University; R. W. Fessenden, University of Massa- 
chusetts; John Hogg, Phillips Exeter Academy, chair- 
man; Jean V. Johnston, Connecticut College; Lorne F. 
Lea, St. Paul’s School; Elsie 8. Scott, Northfield School 
for Girls; Raymond 8. Tobey, Girls’ Latin School, 
Boston; J. Herbert Ward, Classical High School, Provi- 
dence. 


& 248th Meeting, December 4, 1948. Boston Uni- 
versity, Boston, Massachusetts. ’ 

The 248th meeting of the Association was held on 
December 4, 1948, at the new science building of the 
College of Liberal Arts of Boston University, on the 
new Charles River campus. This was a joint meeting 
with the Eastern Association of Physics Teachers and 
the New England Biology Teachers Association, and 
was held in conjunction with the meeting of the New 
England Association of Colleges and Secondary Schools. 


1 Tuts JOURNAL, 16, 46 (1939). 





One hundred and sixty-one members and guests signed 
the register. Otis E. Alley, Chairman of the Central 
Division, presided. He introduced Professor Edward 
O. Holmes, Chairman of the Department of Chemistry, 
Boston University, who brought the greeting of the 
University to the three groups of science teachers meet- 
ing jointly. 

During the morning session, E. P. Little of Harvard 
University gave an illustrated lecture on ‘Automatic 
Sequence Controlled Digital Computing Machines,” in 
which he discussed the construction and operation of the 
first machine at Harvard, Mark J, and illustrated some 
of the problems that are introduced as new designs lead 
in Mark II and Mark IIT to faster and faster operation. 
He discussed briefly some of the types of calculations 
that can be handled on these mechanical and electronic 
devices and the need for highly trained and imaginative 
mathematicians to plan the daily twenty-four hour 
schedule most efficiently. 

George Wald, Professor of Biology, Harvard Uni- 
versity, was the next speaker and presented a paper on 
the “Physics and Chemistry of Vision.” Dr. Wald’s 
charming and interesting description of modern re- 
search into the mechanics of human vision was an un- 
usually stimulating address. 

Michael Witunski, Research Associate, Supersonic 
Laboratory, Massachusetts Institute of Technology, 
presented a concise summary of “The Development of 
Guided Missiles,” in which he reviewed the principles 
upon which the various types are based and the his- 
torical development of such models as the German V-2 
rocket. 

In the afternoon session, Allen P. Schreiber of Tracer- 
lab Inc., Boston, spoke on the “Uses of Radioactive 
Isotopes,” stressing particularly the many ways in which 
radioactive materials are being used in tracer amounts 
in industry and pointing out the future possibilities for 
both synthetic and natural radioactive isotopes. 

A brief business meeting was held at which the report 
of the Tenth Summer Conference Treasurer was ac- 
cepted: 


$377.76 


Balance, March ie: 1948 


Expenditures 
Balance for the Tenth Conference 
Total Balance on hand, December 13, 1948 $476.13 


Epwna M. Rossins, Treasurer 
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The Treasurer of the Association, Carroll B. Gustaf- 
son, reported a balance on hand of $1740.44, drawing 
attention to the fact that this balance is deéeptively 
large since the subscriptions to the JouRNAL OF CHEMI- 
caL EpucaTion had not yet been paid. He pointed 
out that membership at the time of the meeting was in 
excess of last year’s at a corresponding date, steady 
growth having continued throughout the current year. 


r) New Members 


The Secretary, Dorothy W. Gifford, reported for the 
Membership Committee that the following had been 
elected to membership since the time of the last report 
at the Tenth Summer Conference: 

Clayton E. Currier, St. Mark’s School, Southboro, 

Massachusetts 
Lillian S. Marsh, Smithtown Branch (Long Island, New 

York) High School 
Thalia Spinos, Garland School, Boston, Massachusetts 
Charlotte V. Meeting, School Department, McGraw- 

Hill Book Company, New York City 
Sister M. Celestine, O.S.B., St. Anthony High School, 

Washington, D.C. ; 

Robert Epple, Brown University, Providence, Rhode 

Island 
Carl E. Reed, Winchester High School, Winchester, 

Massachusetts 
Cyril H. Simmons, Governor Dummer Academy, By- 

field, Massachusetts 
Filiciano L. Roduta, Legazpi Junior Colleges, Legazpi, 

Albay, Philippines 
Laurence L. Quill, Michigan State College, East Lans- 

ing, Michigan 
W. Earl Lister, Central Junior High School, Methuen, 

Massachusetts 
Raymond G. Boyce, Fairhaven High School, Fair- 

haven, Massachusetts 
Philip G. Johnson, Office of Education, Federal Security 

Agency, Washington, D.C. 

Donald K. Arnsdorf, Science Teacher Hartford High 

School, Hartford, Vermont 
James Watters, Bradford Durfee Technical Institute, 

Fall River, Massachusetts 


€ Nominating Committee 


The Nominating Committee was elected at the last 
Annual Meeting, as follows: for one year—Elizabeth 
S. Hollister, Williams Memorial Institute, New London, 
Connecticut; for two years—Donald C. Gregg, Depart- 
ment of Chemistry, University of Vermont, Burlington, 
Vermont; for three years—Millard W. Bosworth, Ver- 
mont Academy, Saxtons River, Vermont. 


e Eleventh Annual Summer Conference 


President John R. Suydam has announced the 
appointment of the following subcommittee chairmen 
and committee members to organize the Eleyenth 
Summer Conference of the New England Association of 
Chemistry Teachers, to be held at the University of 
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New Hampshire, Durham, New Hampshire, during the 
third week of August, 1949: 

Conference Chairman—George D. Hearn, Classical 
High School, Worcester, Massachusetts 

Conference Secretary—Carl P. Swinnerton, Pomfret 
School, Pomfret, Connecticut 

Registrar and: Treasurer—Beatrice E. Gushee, Univer- 
sity of Connecticut, Storrs, Connecticut 

Program Chairman—Alfred R. Lincoln, 79 Maple 
Street, Springfield, Massachusetts 

Publicity Chairman—Rev. Leo J. Daily, St. Thomas 
Seminary, Bloomfield, Connecticut 

Motion Pictures—John P. Brennan, Somerville High 
School, Somerville, Massachusetts 

Exhibits—Russell Meinhold, Rhode Island College of 
Education, Providence, Rhode Island 

Social Chairman—Helen W. Crawley, Walnut Hill 
School, Natick, Massachusetts 

Printing and Mailing—Otis E. Alley, Winchester High 
School, Winchester, Massachusetts 

Arrangements at University of New Hampshire— 
Harold A. Iddles, Durham, New Hampshire 
Other members of the General Committee include: 

Constance M. Bartholomew, Chicopee High School, 
Chicopee, Massachusetts 

Alfred K. Birch, Needham, Massachusetts 

E. Harold Coburn, Bulkeley High School, Hartford, 
Connecticut 

Virginia W. Duval, Catonsville High School, Catons- 
ville, Maryland 

Ruth H. Ellis, Vassar College, Poughkeepsie, New 
York 

Gertrude T. Eastman, High School of Commerce, 
Worcester, Massachusetts 

William F. Ehret, New York University, Washington 
Square, New York City 

Rev. Bernard A. Fiekers, 8.J., College of the Holy 
Cross, Worcester, Massachusetts 

Ina M. Granara, Simmons College, Boston, Massachu- 
setts 

Benjamin R. Graves, South Portland High School, 
South Portland, Maine 

Donald C. Gregg, University of Vermont, Burlington, 
Vermont ' 

Leslie A. Hallock, W. M. Welch Mfg. Co., Worcester, 
Massachusetts : 

Edgar A. Moberg, Watertown High School, Watertown, 
Connecticut 

Katherine M. Murphy, Dorchester High School for Girls, 
Dorchester, Massachusetts 

Daniel F. O’Regan, 41 Roxbury St., Worcester, Massa- 
‘chusetts 

Pearle R. Putnam, Emma Willard School, Troy, New 
York 

Edna M. Robbins, Mary C. Wheeler School, Provi- 
dence, Rhode Island 

Elizabeth Sawyer, Fort Trumbull Branch, University 
of Connecticut, Storrs, Connecticut 

Paul F. Stockwell, Brattleboro High School, Brattle- 
boro, Vermont 
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John A. Timm, Simmons College, Boston, Massachu- 
setts 

Francis M. Turner, Reinhold Publishing Company, 
New York City 

Howard I. Wagner, Laconia High School, Laconia, New 
Hampshire 

Maurice M. Whitten, 59 Franklin Street, Lewiston, 


Maine 


& Report of the Curator 


By letter to the Executive Committee, Curator Ralph 
E. Keirstead reported the present status of his attempts 
to collect complete files of back numbers of the Report 
or THE NEw ENGLAND ASSOCIATION OF CHEMISTRY 
TEACHERS to be filed in the libraries, particularly those 
of New England colleges, in celebration of the fiftieth an- 
niversary of the founding of the Association. Prior to 
September, 1942, when the Association accepted the 
invitation to join forces with the JouRNAL oF CHEMICAL 
EpucaTIon, the Report appeared as a separate quar- 
terly publication. The back numbers serve as a rich 
source of information on the trends of chemistry teach- 
ing in New England since the beginning of the twentieth 
century. 


“Tn recent years, the Curator of the New England Association 
of Chemistry Teachers has been principally a ‘keeper of the rec- 
ords.’ While the Reports were being issued as a separate publica- 
tion, the extra copies were sent to the Curator for preservation. 
From time to time, calls for back numbers were received and, 
when copies were available, were supplied to interested persons. 
During the early years, little attention seems to have been given 
to preserving complete sets of the Reports. 

“About ten years ago, the Executive Committee directed that 
the Curator should secure and have bound a complete set of the 
Reports. That was done by Ralph K. Carleton, then Curator. 
G. David Chase, who succeeded Dr. Carleton as Curator, did a 
great deal of work in securing copies of back numbers of the Re- 
ports which were not then available in the Curator’s files. Mr. 
Chase assisted a number of libraries to procure partial sets of the 
Reports. 

“During the last two years, the present Curator has carried on 
extensive correspondence with some of the older members of the 
Association with the hope of uncovering additional supplies of 
some of the earlier numbers.. Through the cooperation of these 
members, he has been successful in securing additional copies of 
a good many early issues. A second complete set has been col- 
lected. By direction of the Executive Committee, this second set 
has been bound and deposited in the Wesleyan University Library, 
where the Williams Collection of chemistry books, the property 
of the N.E.A.C.T., is also located. 

“Six months ago, the Executive Committee approved a sugges- 
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tion of the Curator that the Reports on file should be given to 
college and university libraries. In this way, the collection of Re- 
ports could be made generally available, Some colleges had been 
subscribers to the Reports. Assistance was given to these institu. 
tions first, in order to bring their existing partial sets more nearly 
to completion: 


Brown University lacking only No. 18 for a complete set 

Simmons College lacking 4 numbers 

Harvard University lacking 4 numbers 

Yale University lacking 8 numbers 

University of Vermont lacking 20 numbers 

University of Connecticut lacking 27 numbers 

University of New Hampshire lacking 31 numbers 

University of Massachusetts lacking 33 rumbers 

College of the Holy Cross lacking 40 numbers 

Rhode Island State College lacking 41 numbers 

University of Maine lacking 46 numbers 

Teachers’ College Library (Columbia University) lacking 43 
numbers 

U. S. Office of Education lacking 7 numbers 

John Crerar Library of Chicago lacking 40: numbers 


“Other libraries are being approached, especially those which 
at one time were subscribers to the Report. Their sets will be 
completed in so far as the supplies now on hand in the Curator’s 
files. will permit. 

“The Curator is very desirous of obtaining additional copies 
of early Reports. Only three or four copies of some of the early 
issues are now known to be extant. If any member of the Associa- 
tion has copies of any of the Reports for the period of the first 
seventy-five meetings, he would perform a service in completing 
sets now on deposit in the various libraries. The only issue of 
recent years which is very scarce is that for March, 1939. A 
number of copies are urgently needed. 

“The Curator has written personally to many of the early 
members and has received a number of donations. It is possible 
that there are persons still living who were members in the early 
years of the Association but who are not at present.on the rolls. 
If any member knows of such persons, it would be much appreci- 
ated if he would approach them to see whether they have Reports 
which they would be willing to donate to the Curator.” 


Rapeu E. Kerrsteap Curator 


@ Schedule of Meetings 


March 26, 1949, Western Division: Technical High 
School, Springfield, Massachusetts. (Joint meeting 
with the New England Biology Teachers Associa- 
tion.) In addition to papers presented, there will be 
a trip to the Springfield Sewage Disposal Plant and a 
demonstration of the Springfield Planetarium. 

May 7, 1949, Central Division: Regis College, Weston, 
Massachusetts. The annual business meeting, with 
election of officers, will be held at this time. 


auaniay 





— CP Se 


es CO = 


at oO 


—< ee, = Fe A DO hm 


~~ fF ~S  O— —e t CU]! 


an af tnt te am 62 em of oe lee |e 






TION 


Kecent- Book 


ven to 
of Re- 
d been 
nstitu- 
nearly 





ig 43 


vhich 
ill be 
.tor’s 


Opies 
early 
ocia- 

first 
sting 
le of 


A 


arly 
sible 
arly 
olls. 
reci- 
orts 








a FUNDAMENTALS OF PHYSICAL SCIENCE—An Intro- 
duction to the Physical Sciences 


Konrad Bates Krauskopf, Associate Professor of Geology, 
Stanford Univerisity. Second edition. McGraw-Hill Book Co., 
Inc., New York, 1948. xii + 676 pp. 330 figs. 27 tables. 
15X 23cm. $4.50. 


Tue first edition of this book was reviewed in J. Cem. Epuc., 
19, 100 (1942) and the reader is referred to that review for a gen- 
eral criticism. The second edition is much like the first with new 
material introduced into the subjects of the atomic nucleus, acids 
and bases (Brgnsted’s theory), air mass analysis, and the un- 
certainty principle. This edition is only sixteen pages longer 
than the first, and the author is to be congratulated for pruning as 
well as adding. 

The author devotes more ‘space to scientific information and 
less to practical applications than do most writers in general 
physical science. The historical approach is treated very lightly 
and the traditional members of the physical sciences are handled 
separately. Astronomy is treated in parts I and VI, chemistry 
in parts II and IV, physics in part ITI, and geology in part V. 

The illustrations are clear and are unusually well chosen for 
their teaching value. The binding, printing, and paper are ex- 
cellent, and the price is in line with others of its kind. 

RICHARD WISTAR 


Mius CoLLecEe 
OAKLAND, CALIFORNIA 


© REAGENTS FOR QUANTITATIVE INORGANIC 
ANALYSIS 


P. E. Wenger and R. Duckert, Editor and Associate Editor, re- 
spectively, Geneva, C, J. Van Nieuwenburg, Delft, and J. Gilles, 
Ghent, Joint-authors. Second Report of the International Com- 
mittee on New Analytical Reactions and Reagents of the Inter- 
national Union of Chemistry. Elsevier Publishing Co., Inc., 
Amsterdam and New York, 1948. xxii + 379 pp. 57 figs. 
15 X 23cm. $7.50. 


Tuis is the English edition of the ‘“Deuxitme Rapport” which 
appeared in 1945. On account of the international situation it 
was not possible to edit the book in English simultaneously with 
the French addition. The English version, however, is not a 
literal translation of the French edition, the text having been 
revised and the bibliography completed. The book contains 
new data about reactions, many of them unpublished, and fifteen 
pages of microphotographs (57) of crystals which were not in- 
cluded in the French edition. It covers reagents introduced into 
analytical chemistry between 1937 and 1943. 

The Committee decided to maintain a maximum of five re- 
agents per element but this nevertheless allowed them to select 
reagents that can be used in various techniques generally em- 
ployed, such as tests on spot plate or on paper, in test tubes, 
microcrystallography, and electrography. The reagents pro- 
posed are considered to be sufficiently sensitive and selective for 
normal analytical requirements but the Committee points out 
that “it may be desirable, when dealing with very special tasks, to 
have recourse to other reagents . . . (for example in cases when a 
very high sensitivity is required, regardless of selectivity). . . .” 
It is not to be expected that analysts will agree with the Com- 
mittee’s selection in all cases; the task was very difficult and the 
mode of selection is given in detail. 

A brief account of the mechanism of each reaction is given, 
followed by a clear description of the technique of the test, the 
sensitivity, selectivity, and interferences. The structural 
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formula is given for each organic reagent. The bibliography 
(1172 references) is summed up in one table near the end of the 
book, thus avoiding lengthy footnotes, and the references are 
grouped according to the elements in order to facilitate the 
reading. Following the bibliography is a tabular summary of the 
elements and their respective reagents or test reactions, and a 
table of reagents. 

In the first section of the book, tests are given for the cations of 
the hydrogen sulfide group, followed by procedures for their 
qualitative separation; next, tests are given for the ammonium 
sulfide group of elements, followed by procedures for their quali-: 
tative separation; then tests for the alkaline-earth elements and 
procedures for their separation; and finally, tests for the alkali 
elements and procedures for their separation. The second 
section gives tests for the anions, followed by a table which sum- 
marizes the reagents used and operations to be carried out in 
making a qualitative separation. 

This report will make a most useful adjunct to the First Report 
and the editors and authors are to be congratulated for the fine 
work they have done in spite of adverse conditions incident to the 
international situation. 

JOHN H. YOE 


UNIVERSITY OF VIRGINIA 
CHARLOTTESVILLE, VIRGINIA 


os) MATHEMATICS, OUR GREAT HERITAGE—Essays on 
the Nature and Cultural Significance of Mathematics 


William L. Schaaf, Selector and Editor, Dept. of Education, 
Brooklyn College. Harper and Brothers, New York, 1948. xi + 
291 pp. 14.5 X 21.5cm. $3.50. 


Tuis is a collection of seventeen essays about mathematics, 
chosen, according to the preface, ‘for the thoughtful reader who 
would understand why mathematics means so much to mankind.” 
One hastens to add that no particular mathematical background 
is presupposed of the reader. The authors are mostly university 
professors of mathematics, active or retired, but there is also a 
philosopher, a physicist, a historian of science, an industrial 
research mathematician; and one essay is by a committee of the 
Progressive Education Association. At the start of each selec- 
tion the editor gives the reader a helpful introduction to the 
author and his work. Some introductory quotations, an excel- 
lent preface, and a small index complete the editor’s contribution. 

Some representative essays of different types are: (1) G. H. 
Hardy, ‘‘On the Seriousness of Mathematics’; (2) George Sarton, 
“On the Genesis of Mathematical Ideas’; (3) Thornton C. Fry, 
“Industrial Mathematics’; (4) Robert D. Carmichael, ‘The 
Larger Human Worth of Mathematics.” , 

Mathematics is indeed an important human achievement, one 
which is held in high esteem by nearly everyone. At the same 
time, we are reminded in the preface, the true nature of mathe- 
matics is only slightly understood. The book’s purpose is to 
provide insight into this true nature without-excessive demands 
upon the reader’s background. The nonmathematical reader 
may be surprised at the attention given to mathematics as.an art, 
and at the concern most mathematicians feel for the esthetic 
aspects of their research. Besides letting the reader in on the 
character of mathematics and its practitioners, the book dis- 
cusses some philosophical questions which baffle mathematicians 
as much as other thinking men: the nature of mathematical 
truth, whether mathematics is a branch of logic, etc. 

The book is highly recommended to students taking college 
mathematics, whether as a major or minor subject. The average 
college student immersed in analytical geometry, calculus, or ad- 
vanced calculus—sometimes shamefully dull courses—usually 
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sees nothing but detail. From such a book as this tne student 
may learn to see his subject in a stimulating perspective. More- 
over, the essay on industrial research will give the student infor- 
mation and a point of view about a field which is likely to be 
quite unknown to his mathematics instructor. 

The book will be of value to many who are not now students, 
but who have an interest in mathematics. This is not a novel, 
and reading it will require concentration, even though the 
editor and authors succeeded in keepin ~ the difficulty at a reason- 
able level. If the reader wants to learn something about mathe- 
matics from those who know it, let him apply himself diligently 
to this book. 

GEORGE E. FORSYTHE 


Nationa Bureau or STANDARDS 
Los ANGELES, CALIFORNIA 


@ PHYSICO CHEMICAL EXPERIMENTS 


Robert Livingston, Professor of Physical Chemistry, University 
of Minnesota. Macmillan Co., New York, 1948. Revised edition. 
xiii + 267 pp. 72 figs. 13tables. 14 X 2lcm. $3.50. 


Turs is a revised edition of the well-known laboratory manual 
first published in 1939. It is intended for use in the year course 
in physical chemistry and is quite adequate for that purpose, with 
42 well-selected experiments. The format and the contents have 
not been greatly changed from the former edition. One experi- 
ment has been dropped and two have been added. The old Ex- 
periment 16, dealing with the determination of heats of neutraliza- 
tion and the heats of ionization of weak acids, has given place to 
an experiment on the measurement of heats of combustion with 
the bomb calorimeter. The new Experiment 42, “Solubilization 
by a Soap of a Water-Insoluble Dye,” gives the student some ex- 
perience with a modern colorimeter of the Duboseq type. Some 
of the details in the treatment of errors have also been somewhat 
modified and to the introductory section a page and a half have 
been added on the timely topic of report writing. 

The discussion of ‘Measurements, Errors, and Computation,” 
which occupies the first 51 pages of the book, is good and should 
aid in clarifying the student’s knowledge concerning precision of 
measurement and the interpretation of results. 

The experiments show a very satisfactory distribution in illus- 
tration of the various topics of physical chemistry. Certain 
special pieces of apparatus are required which may not all be avail- 
able in the liberal arts colleges but the number of experiments is 
about 12 in excess of what can ordinarily be performed in the year 
course, thus permitting reasonably extensive choice. Among 
these items of special apparatus might be cited the Lind electro- 
scope, the spectroscope, the polarimeter, the Westphal balance, 
the Abbé refractometer, the bomb calorimeter, and the colorim- 
eter of the Duboseq type. Mention of these is not to be regarded 
as an adverse criticism; the more of such instruments the chemis- 
try student learns to use the better it is going to be for him in 
later work. The range of selection of experiments is indicated by 
the following summary: ‘The Gaseous State,” 3; “The Liquid 
State,’ 2; “The Solid State,’’ 2; “The Structure of Atoms,” 1; 
“Physical Properties and Molecular Constitution,” 1; ‘“Solu- 
tions,” 5; “Thermochemistry,” 2; ‘Equilibrium,’ 1; ‘‘Hetero- 
geneous Equilibrium,” 6; ‘Chemical Kinetics,” 5; ‘Electrical 
Conductance,” 3;- “Equilibria Involving Ions,” 3; ‘“Electro- 
motive one 4; “Electrolysis and Polarization,” 1; ‘‘Photo- 
chemistry,’ 1; ‘“The Colloidal State,’ 2. 

The directions are clearly given but are brief, as is ae for 
the inclusion of so many experiments in so small a book. Some 
will require amplification by the instructor or by the consultation 
of more detailed manuals. References are given to standard 
textbooks of physical chemistry, to books dealing with laboratory 
procedures and the use of special instruments, and, in some cases, 
to original papers in the journals. 

The reviewer has found few specific defects. The symbol 
“Py,”’ as used on page 229 and elsewhere, is not in accord with 
common practice. In Experiment 37, page 226, there is a lack 
of emphasis on temperature although measurements which are 
quite sensitive to temperature changes are to be made. On page 


JOURNAL OF CHEMICAL EDUCATION 


232 we find that “the ionization constant of water is 1 X 10-4 

= (H*)(OH~-)” which is true only at 25°C. The use of round 
rather than square brackets to denote concentrations, although 
they find favor with the publishers, is not to be recommended, 
The replacement of the symbol “H*”’ by the undoubtedly more 
nearly correct H;0*+ would better reflect modern knowledge of 
solution chemistry. The expression given is not the “ionization 
constant” but the ion product; the ionization constant expression 
should include the concentration of the un-ionized substance, 
Experiment 8, page 83, dealing with “The Radioactive Decay 
Law” might be placed under some caption more obviously related 
than “The Structure of Atoms.” Some students might be con- 
fused in connection with Experiment 18, page 135, which studies 
the “Mutual Solubility of Two Liquids” but actually utilizes 
solid and a liquid even though the equilibria actually involve 
only liquid solutions. 

But these adverse criticisms are very minor compared with the 
high quality of the contents in general. The book is well worth 
serious examination by teachers of physical chemistry. 


WM. B. MELDRUM 
HAVERFORD COLLEGE 
HAVERFORD, PENNSYLVANIA 


® NON-FERROUS PRODUCTION METALLURGY 


John L. Bray, Professor of Chemical and Metallurgical Engineer- 
ing, Purdue University. John Wiley & Sons, Inc., New York, 
1947. Second edition. xiv + 587 pp. 95 figs. 15 x 23.5 
cm. $6. 


THE inorganic chemist no more regards himself as a metal- 
lurgist than the physical chemist regards himself as a metallo- 
grapher, though such courses are sometimes taught in physical 
chemistry departments. Every text on inorganic chemistry 
devotes some of its pages to a brief description of the preparation 
of the various metals from their common ores. Here is a book 
that is devoted entirely to this phase of inorganic chemistry. 

Professor Bray in this second edition has expanded his presen- 
tation of the nonferrous metals used extensively in industry. 
Before duscussing the individual metals he give a general dis- 
cussion of metals and their ores and the principles of smelting. 
Slags and fluxes are discussed, replete with phase diagrams to 
illustrate their uses. The metals are then discussed in alpha- 
betical order: aluminum, antimony, arsenic, beryllium, bismuth, 
cadmium, chromium, cobalt, copper, gold, lead, magnesium, 
manganese, mercury, molybdenum, nickel, platinum, selenium 
and tellurium, silver, tin, tungsten, vanadium, and zinc. These 
are followed by chapters on secondary metals, marketing of 
bullion, ores and concentrates, and the use of physical chemistry 
in metallurgical processes which shows the application of chemical 
thermodynamics to the smelting reactions. The inorganic 
chemist undoubtedly would prefer an arrangement of metals ac- 
cording to the periodic table rather than the alphabetical arrange- 
ment used. The chemical engineer might prefer an arrangement 
based on the various unit processes employed in the production of 
the metal, although this would place one metal in several sections 
when several different processes are used. However, the unit 
process concept is one now being introduced into metallurgy. 

Copper is the most important nonferrous metal as measured by 
its production. To it is devoted the largest chapter, 124 pages, 
which will indicate what may be expected in shorter form in the 
other chapters. Its economic situation, marketing, prices, and 
uses show the student how this metal fits into the business of the 
world. The properties of the metal and its alloys point to the 
industrial uses. The chemical composition and relative amounts 
of ores indicate the chemical processing methods that must be 
used. The various pyrometallurgical, hydrometallurgical, and 
electrolytic processes are then discussed in detail both from the 
standpoint of their chemical principles and the practical appli- 
cations and engineering equipment used. An interesting feature 
is a complete description of an actual plant operation from ore to 
process. The naming of these plants and their locations adds 
much to student interest. 
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This book has been written for a sophomore course in metal- 
lurgy, so that only a background of a year of college chemistry is 
assumed. This book should serve as a supplementary reference 
text for general chemistry courses. It is highly recommended to 
instructors and students who wish to augment the brief material 
of the general chemistry text with authoritative and interest- 
ingly written material on the nonferrous metals used extensively. 


KENNETH A. KOBE 


UNIVERSITY OF TEXAS 
Austin, TExas 


6 SCIENCE IN GENERAL EDUCATION 


Earl J. McGrath, Dean of the College of Liberal Arts, The State 
University of Iowa, Editor. Wm. C. Brown Co., Dubuque, Iowa, 
1948. viiit+400pp. 15X 23cm. $3.25, paper covers. 


Ir 1s a commonplace that the progress of science has changed 
the character of civilization and has given rise to many national 
and international problems. For this reason it has become essen- 
tial that laymen have a better knowledge of science, a better 
understanding of its philosophy and methods, and an apprecia- 
tion of its potentialities and its limitations. The scientist has a 
responsibility for devising a suitable means of educating the lay- 
man in these matters. It is directly important to the scientist 
that the public understand what the scientist is trying to do and 
has done. The public now supports—through taxes or gifts to 
research foundations—a considerable quantity of research. 
Those who pay for this research expect to express their opinions 
as to the manner in which their money shall be spent. Shall the 
results of government research be secret or be freely disseminated? 
Should government financed research be restricted to funda- 
mental knowledge, or to applied science? An intelligent response 
to such questions will be promoted by an understanding of the 
problems involved. 

Not many years ago it was suggested that the natural sciences 
and engineering had progressed so rapidly that a scientific holiday 


was in order to allow the rest of civilization to catch up. These 
views were in part the result of an incomplete understanding of 


the nature of scientific investigation. It is probably true that 
the important problems of today are philosophical, moral, and 
religious, rather than scientific—but it must also be realized that 
the solution of many economic, social, and political problems is 
inextricably intertwined with scientific knowledge. 

The scientific education of the layman is not to be sought 
through college courses alone. Sound reporting of scientific 
matters in newspapers and magazines, and by radio, has been 
helpful. Suitable college courses, however, may form an impor- 
tant part of this education, and the designing of these courses 
presents a challenge to co!lege faculties. Do the courses specific- 
ally designed for the science major constitute the best science 
education for the nonprofessional student? Should the course be 
devoted to one science or should it attempt to include several? 
What topics are most profitably discussed in science courses for 
the general student? Should there be laboratory work? How 
much use should be made of the historical approach? How may 
the instruction in science be related to the students’ interests in 
the humanities or social sciences? 

One seeking the answers to such questions will find this volume 
helpful. It contains statements about science courses in general 
(7. e., nonvocational) education from 21 representative colleges 
and universities, including state and private institutions, large 
and small, teachers’ colleges, and junior colleges, and another 
paper on science survey courses in secondary schools. The con- 
cluding chapter, by the editor, is on “‘Trends in Science Courses in 
General Education.” There is a wealth of detailed information: 
outlines of subject matter, reading lists, sample examination 
questions, methods of evaluating courses, difficulties encountered, 
degree of success or failure experienced. In addition there is 
frequently discussion of the philosophic principles on which the 
courses are based. There appears to be a trend away fram the 
survey course with its necessary superficiality to courses centered 
about a few topics or problems, treated with thoroughness. 
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There are several courses like the one that aims to impart “‘a fund 
of information about astronomy, chemistry, geology, and 
physics” all in one semester, but usually more time is allotted to 
a more restricted subject matter and the emphasis is on cultivat- 
ing ‘‘a philosophic, analytical, critical habit of mind” or to ‘“‘de- 
velop a ‘feel’ for the type of problems encountered” in the sci- 
ences. 

The editor and contributors are to be congratulated on making 
available such a wealth of information concerning science courses 
for those students who will never be specialists in science but 
should know something about the methods, possibilities, and 
limitations of science. The teacher who plans such a course, the 
teacher who already teaches such a course? the teacher who feels 
that such courses are unnecessary, wil] each find much to interest 
them in this collection. 


WALTER B. KEIGHTON 
SwaRTHMORE COLLEGE 
SwaRTHMORE, PENNSYLVANIA 


9 THE ESSENTIALS OF ORGANIC CHEMISTRY 


C. W. Porter and T. D. Stewart, Professors of Chemistry, Uni- 
-versity of California, Berkeley. Ginn and Company, Boston, 1948. 
vi+ 394pp. I15figs. 15 X 23cm. $4. 


THERE is a considerable and understandable resemblance be- 
tween this book and the authors’ larger ‘Organic Chemistry,” 
reviewed in Tuts JourNAL (J. Cuem. Epuc., 21, 364 (1944)), 
which it presumably replaces for use in one-semester courses in 
organic chemistry. In both, the classical order of topics is used, 
except for early (Chapter 9) presentation of alicyclic and aromatic 
hydrocarbons in the present book and for the introductory por- 
tion. This material will appeal to instructors who “consider it 
desirable to cover the main classes of compounds and the princi- 
pal types of reactions in a rapid preliminary survey of the field.” 
In the new book the first two chapters (17 pages) are generally 
introductory and the third and fourth are, respectively, discus- 
sions of one-carbon compounds (12 pages) and two-carbon com- 
pounds (17 pages). 

The book is predominantly theoretical in its approach to or- 
ganic chemistry in comparison to other one-semester texts, which 
generally give more biological and industrial applications, some- 
times at the risk of being “compound-centered.”’ For example, 
about four pages are given to the structure of benzene, two to the 
Beckmann rearrangement, and three to the tautomerism of ethyl 
acetoacetate. On the other hand, no direct reference is made to 
the production of ethanol from ethylene, and there is considerably 
more discussion of obtaining methanol by distilling wood than of 
its synthesis from carbon monoxide. It is difficult to justify 
advertising claims that “everyday application [is] stressed” 
when fats, oils, soaps, and waxes are treated in three and a half 
pages, and polysaccharides in four. 

The book is attractively bound and printed,,with a minimum of 
typographical errors. Its style is clear, concise, and pleasing. 
Nomenclature is good except for an occasional tendency to over- 
look rules of word separation, as in “methylethyl ketone,” 
“dimethyl aniline,” and “tripheny] carbinol,” and for a very few 
improper names like “3-methylbutyral” (for 3-methylbutanal) 
and “acetaldehyde diacetate.” 

Study helps at the ends of chapters are of two levels: exercises, 
directly answered in the text, and problems, which require appli- 
cation rather than recall of facts and principles. The latter are 
very welcome in a subject criticized for its devotion to memory 
work. ; 

Few errors of fact are to be found. In a book careful to point 
out the common error of believing carbonic acid weaker than other 
carboxylic acids it is disappointing to find the classical but out- 
dated alkylsulfuric acid mechanism of ether formation. Over- 
simplifications are to blame for statements that methyl ether is 
very sparingly soluble in water (p. 42; its solubility is actually 
about that of KMnO, or HgCl. A minus sign is missing in the 
value for the boiling point), casein is “the protein of milk’ (p. 
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152), a compound that yields ammonia with hot but not with cold 
alkali must be an amide (p. 184), and phenols do not react with 
phosphorus trichloride (p. 300). 

The ever-growing and ever-desired tendency to make organic 
chemistry something more than lists of structures, names, and 
equations is exemplefied in this text. Teachers who feel inclined 
to stress the principles and theories rather than the reactions or 
compounds of organic chemistry will find the book a valuable aid 
to their efforts. 

0. C. DERMER 

Oxranoma A, anp M. CoLiecEr 

STILLWATER, OKLAHOMA 


& LIFE OF SCIENCE. ESSAYS IN THE HISTORY OF 
CIVILIZATION 


George Sarton, Associate of the Carnegie Institution of Wash- 
ington, Professor of the History of Science, Harvard University. 
Henry Schuman, Inc., New York, 1948. vii + 197 pp. 14 X 
2lcm. $3.50. 

Tuts book is dedicated to the proposition that the history of 


science is the essence of humanism. The publisher calls it the 
“keynote volume” of his new “‘Life of Science library,’’ a “‘com- 


prehensive statement of the aims of this unusual’ collection of: 


which six other volumes have so far been published. Its contents 
consist of extracts from Sarton’s writings during about thirty 
years: these cohere and gain strength from one another to form 
a unified and forceful account of the humanistic importance of 
scientific studies. The book ought to be read by all who are 
interested in understanding science. 

“Tf we study history, it is not through mere curiosity, simply 
to know how things happened in the olden times .. .;_ nor is it 
for the mere intellectual joy of understanding life better. We are 
not disinterested enough for that. No; we wish to understand, 
to foresee more clearly; we wish to be able to act with more pre- 


cision and wisdom. History itself is of no concern tous. The past 
does not interest us but for the future... . 

“The writer is convinced that the history of science—that is to 
say, the history of human thought and civilization in its broadest 
form—is the indispensable basis of any philosophy. History is 


but a method—not an aim! ... 

“The essential history of mankind is largely secret. Visible 
history is nothing but the local scenery, the everchanging and 
capricious background of this invisible history which, alone, is 
truly ecumenical and progressive. From our point of view, 
peoples and nations, even as men, are not to be judged by the 
power or the wealth they have attained, not by the amount of 
perishable goods which they produce, but only by their imperish- 
able contributions to the whole of humanity.” 

The great contributions are made by individuals. The charac- 
ters and the contributions of Leonardo da Vinci, Evariste Galois, 
Ernest Renan, and Herbert Spencer are discussed in considerable 
detail. Sarton believes that encyclopedic synthetic knowledge is 
just as possible as narrow specialization. 

“It is just as difficult to know the history of France, or say the 
history of Paris, as the history of the world, because both under- 
takings are equally endless. 

“Tt is true that science is becoming more complex every day, 
but it is also becoming simpler and more harmonious in propor- 
tion as synthetic knowledge increases, that is, as more general 
relations are discovered. It is this very fact which makes encyclo- 
pedic efforts still possible. In some respects one might even say 
that such efforts are easier now than they were before, because the 
very progress of science enables one to contemplate its develop- 
ment from a higher point of view. The synthetic philosopher 
who has taken the pains to understand the most difficult parts of 
science and to climb, so to say, to its summit, enjoys the same 
advantage as the traveller who can view a whole country from 
the top of a mountain.” 
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Sarton describes the method of science succinctly but superbly 
and with an eye to its implications. 

“Establish the facts by direct, frequent, a7 
tions, and check them repeatedly one again other; these 
facts will be your premises. When many varia _ s are related, 
find out what happens when only one is allowed to vary, the others 
remaining constant. Multiply such experiments as much as you 
can, and make them with the utmost precision in your power, 
Draw your conclusions and express them in mathematical lan- 
guage if possible. Apply all your mathematical resources to the 
transformation of the equations; confront the new equations thus 
obtained with reality. That is, see what they mean, which group 
of facts they represent. Make new experiments on the basis of 
these new facts, etc. 

“All the triumphs of modern science have been due to the ap- ' 
plication, more or less deliberate, of that method. Moreover, ex- 
perimental scientists have laid more and more emphasis on the 
needs of objective verification. Truth is relative but it becomes 
less and less so, and more and more reliable, in proportion as it has 
been checked oftener and in a greater variety of ways.... Little 
by little, scientists learned by experience to trust their reason 
more than their feelings, but also not to trust their reason too 
much.... Facts can only be explained by theories, but they 
can never be explained away; thus, however, insignificant in 
themselves, they remain supreme. They are like the stones of a 
building; individual stones are worthless but the building would 
have no reality without them. 

“Tt is amusing to hear the old humanists speak of restraint and 
discipline as if they had the monopoly of these qualities, when the 
experimental method is itself the most elaborate discipline of 
thought which has ever been conceived... . 

“It is the experimental method which has given to human 
reason its full potency, but at the same time it has clearly shown 
its limitations and provided means of controlling it. It has proved 
the relativity of truth, but at the same time it has made it pos- 
sible to measure its objectivity and its degree of approximation. 
Above all it has taught men to be impartial (or at least to try 
to be), to want the whole truth, and not only the part of it which 
may be convenient or agreeable. .. . 

“The experimental method is in appearance the most revolu- 
tionary of all methods. Does it not lead to astounding discover- 
ies and inventions? Does it not change the face of the world so 
deeply and so often that superficial people think of it as the very 
spirit of change? And yet it is essentially conservative, for it 
hesitates to draw conclusions until their validity has been estab- 
lished and verified in many ways; it is so cautious that it often 
gives an impression of timidity. It seems revolutionary because 
it is so efficient; its conclusions, because of their restraint, cannot 
be opposed; because of their strength they cannot be frustrated. 
When thought is as severely disciplined as scientific thought, it 
is irresistible, and yet it is the greatest element of stability in the 
world.” 

This is a book which tempts its owner to mark the margins in 
order that he may find particular passages again more quickly. 
It has tempted the present reviewer to offer samples from it in 
evidence that it is the sort of book which contains such things, 
passages on which essays could be written or classroom sermons 
could be preached. It is a book which will be useful to all good 
teachers of science,-and all good teachers will know how to make 
use of it. 

‘People who are always talking of metaphysical truth are just 
as likely as not to be inveterate liars. I am not very interested 
in the theories of knowledge; my concern is truthfulness as honest 
men and scientists understand it. Lawyers, theologians, and even 
philosophers may indulge in distinctions and equivocations and 
get away with it; scientists cannot do that without disgrace.” 


TENNEY L. DAVIS 
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Natives Harvesting Leaves from a Carnauba Palm 
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Avy ser of proposed objectives of chemical education will invariably include 
such a one as: Understanding and appreciation of the “scientific method.” It 
will be generally agreed that this is a desirable outcome of liberal education of any 
sort; we will have missed the most important point if we fail in this regard in our 
efforts to teach science. , 

To be sure, we will have done a great deal (in fact, a great deal more than we 
generally do) if we lead our students to such understanding and appreciation. 
Nevertheless, the scientific method is not like art or music, of which understanding 
and appreciation are about all that can be expected of most people; it is more like 
religion, which must be lived to be of any particular use. 

It is indeed illuminating to follow through the steps in the reasoning which led, 
say, to the establishment of the atomic theory and to have it pointed out that this 
is the way in which we have grown to our present intellectual stature and have laid 
the necessary foundations for our marvelous technological civilization. We are not 
content to have our students recognize the scientific method when they see it; 
they must learn to use it. It is not sufficient to train a select scientific priesthood; 
we would like to ordain everyone to administer this scientific sacrament—in his 
own small way, at least. 

But this is vastly different and more difficult than teaching a mere technique— 
such as solving algebraic equations, for instance. It seems to be necessary to do it 
against considerable pressure. There appear to be inhibitory instincts which work 
against straight thinking. - 

First off, it is necessary to persuade one that the scientific method is desirable. 
Certainly many people are unconvinced, even by the ever-present reputed results 
of its application. And then, when the persuasion has been accomplished and some 
progress has been made in the right direction, it is necessary to prevent backsliding. 
And it must probably be admitted that most of us are guilty of at least a little of 
this. For, like being good, strict adherence to the stern dictates of the scientific 
method is a great strain on something or other. We must be sympathetic with 
the temptations and difficulties of the beginner, for if he learns to “live the.life’’ it 
will be the result of plenty of good example, constant admonition, and a strong 
inner urge to be “saved.”’ 

For not everyone has that urge. Indeed, many teachers (generally older ones, 
the shine of whose optimism has been dulled) come to feel that this scientific method 
cannot be taught at all; either one is endowed with the thing naturally or he must 
be content to get along without it. In the latter case, unfortunately, it is not his 
own happiness which suffers most but probably that of the rest of us as well, for we 
have committed ourselves to the belief that if the world were peopled by scientific 
thinkers many of its troubles would be eliminated. Maybe so. 

Still, the ideals and practices of education are full of such dreams and efforts to do 
the impossible. We are always biting off more than we can chew. Are we a self- 
deluded profession or a courageous one? 
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MODERN WAX TECHNOLOGY 


Tue importance of wax in industry has steadily in- 
creased ever since man first learned from nature of its 
value in protecting and beautifying the things that he 
has made. The use of wax as a protective agent dates 
back several thousand years to ancient times when the 
Egyptians employed it for protection of their paintings, 
their mummies, and in various ways in the building of 
their pyramids. The uses of wax have increased since 
these early times and as early as the first of the 16th 
century wax was known to be used on floors to protect 
and to increase their beauty. Beeswax was the most 
important wax at this time. The methods of applying 
the wax were crude. After passing through an evolu- 
tionary period, wax has attained an important position 
in industry, not only as a protective agent for floors but 
also as a major constituent in dental compounds, cos- 
metics, pharmaceutical preparations, stencils and inks, 
adhesives, lubricants, polishes, photography, and 
numerous other important classifications. 

Waxes occur in nature in various forms. The har- 
vesting and refining of these waxes is a study in itself. 
The three major classes of the natural waxes are the 
vegetable waxes, animal waxes, which include the in- 
sect waxes, and the mineral waxes. There are other 
minor classes that do not have the importance of the 
above mentioned, that is, gum-resin waxes and micro- 
organism waxes. Many materials now classified as 
waxes are not true waxes but are so classed because 
of their waxy appearance or nature. From a chemical 
standpoint quite a few of the commonly regarded waxes 
would not live up to the definition of a true wax: a 
compound chiefly composed of fatty acid esters of 
monohydric alcohols of high molecular weight, con- 
taining some free fatty acids, sterols, or hydrocarbons. 

The production of wax is a natural reaction which is 
not dependent on man. The waxes in the vegetable 
class occur mainly as coatings on plant leaves and 
stems, on berries of certain shrubs, and on grasses, with 
some of the rarer waxes appearing on flowers, roots, 
and fruit of other plants. Most of the trees or plants 
from which these waxes are obtained grow,wild in dif- 
ferent sections of the world. 

The value of any wax to industry is dependent on its 
availability in quantities, the ease of its gathering and 
refining, and the properties it possesses. Probably the 
most important property of a wax to be considered is 
its hardness. Industry is continually trying to find 
harder waxes than the ones now available. 


VEGETABLE WAXES 


Carnauba. Probably the most important wax in 


HUBERT W. JENKINS and HAROLD B. 
FRIEDMAN 
Zep Manufacturing Corp. Atlanta, Georgia 


the vegetable class is the well-known carnauba (kar- 
noti-ba) wax obtained from the leaves of a palm 
which grows almost exclusively in Brazil. This tree 
grows wild mostly along the banks of rivers and lakes, 
Its growth is very slow- and even after fifty years it 
rarely attains a height of more than forty feet. Like 
most palms, the bark is rough and scaly and the leaves 
grow from long stems in a fan shape. The wax forms a 
continuous film over the surface of the leaves and serves 
to conserve moisture for the preservation of the tree 
during the dry seasons. The wax is harvested during 
the dry season by native workers, usually share-crop- 
pers, who cut the trees with long sickle-like knives. 
The stems are cut from the leaves and the leaves are 
carefully transported to one of their local drying ter- 
races where they are sun-dried. The wax is loosened 
by the drying and the leaves are then taken to be 
threshed in a shed where there is no air stirring. The 
leaves are first shredded with special knives which cut 
the ribs apart and allow the leaf to be ripped apart to 
loosen the wax. The leaves are then beaten across 
sawhorses to remove all the wax dust. 

Since the dust is so light there can be no passage of 
air through the shed that would result in a loss of wax. 
Three workers can handle about 4000 leaves per day. 
The dust from the leaves is then melted down and 
strained to remove some of the impurities. A full 
five-gallon can of powder will usually melt down to 
about a quart of molten wax. After the wax hardens it 
is broken into lumps and shipped to the coast for re- 
fining and export. The yield of wax varies with the age 
of the tree, the locality, and the amount of rain that 
season. Less wax is produced during a rainy season 
than during a dry season. The average yield per leaf is 
about five grams. Since there are usually less than 
twenty leaves cut from a tree per year it takes about 
five carnauba palms to produce one pound of wax per 
year. There are about 50 to 75 million trees produc- 
ing. Of this, about 75 per cent of this production goes 
to the United States. : 

There are two different classes of carnauba wax with 
several grades of each class. About 30 per cent of the 
total production is obtained from the olho leaf. This is 
the young unopened leaf that grows upward from the 
center of the palm. A very small amount of almost 
pure wax known as “flower” is obtained from the melt 
of this leaf. Most of the remaining wax is very light in 
color and is known as Yellow No. 1 and Yellow No. 2. 
There is some inferior wax recovered from the residue 
of this purer wax. The remaining 70 per cent of the 
wax is produced from the palha or open leaves of the 
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palm. The wax obtained is a darker color ranging 
from a greenish yellow to almost black. From the 
palha leaves are obtained the different grades known as 
North Country wax. There are several grades of wax 
from the palha leaves which are classed according to 
the color or the moisture content. North Country 
Chalky wax has about ten per cent of water added dur- 
ing the refining process. The greatest advantage of the 
wax from the olha leaf over that from the palha leaf is 
in the color, the chemical and physical constants of 
both being about the same. 

Carnauba wax is the hardest wax known and has an 
average melting point of 84°C. One of the biggest 
uses is in water-emulsion floor waxes, with leather 
dressings and shoe polishes following closely. 

The carnauba tree is versatile, not only is it important 
for its wax production but also for the many uses found 
for the bark, wood, leaves, and roots of the tree. The 
wood is hard and resists attack by water. It is useful 
in building and lasts a long time when used as pilings 
and bridges. The leaves are used for thatching roofs 
and for making window shades and hats. The roots 
find use in certain medicines and the young shoots are 
used for food and for making a kind of vinegar. 

Ouricuri. Another wax that has become available in 
the last few years is ouricuri wax, which resembles 
carnauba wax to some extent in its physical character- 
istics. This wax is obtained from the under side of the 
leaves of a tall palm tree which grows in the north- 
eastern states of Brazil. The wax is scraped from the 


leaves with a knife and the powder is carefully col- 
lected. The powder is melted, poured into forms, and 


cooled. 'The process of collecting resembles that for 
carnauba but is much cruder and as a result much of the 
ouricuri shipped has a large amount of impurities. 
Ouricuri is used as a substitute in some industries for 
carnauba but due to its high resin content it is not 
always a too desirable replacement. In _ general, 
ouricuri is a dense, hard, brittle wax with a melting 
point of about 83°C. Unlike most other vegetable 
waxes, which have a lag of about 50° between the 
melting point and the setting point, this wax has a lag 
of about 12°. Reports indicate that a refined grade 
of ouricuri is available. One reason that this wax is 
more difficult to refine is that its higher density will not 
allow the trash to sink to the bottom as other waxes do. 
The refining is done by digesting the scrapings in a 
caustic soda solution with the aid of steam. The wax, 
| relatively free from vegetable matter, then rises to the 
top. The refined wax has a lower saponification value 
than the crude grade. Like carnauba, this wax ¢an 
be used to increase the melting point of paraffin and 
other low-melting waxes. A large amount is used in 
inks and carbon paper with smaller amounts appearing 
in polishes and shoe creams. 

Cauassi Wax. A newcomer to the wax field, 
cauassti, was discovered recently by Knaggs (4) while 
on a wax-hunting expedition. This wax forms on the 
big leaves of a plant that grows on the Amazon River 
near Gurup4, Brazil. Preliminary investigations indi- 
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cate that this wax may be the carnauba substitute that 
the industry has been looking for, although it may be a 
long time before it becomes available for use. The 
big leaves are cut off and allowed to dry in the sun. 
The wax flakes off and is then melted down and poured 
into molds or containers. The physical properties re- 
semble carnauba in that it is hard, brittle, and has 
approximately the same melting point and oil reten- 
tion. When used as a polish and buffed the cauassi 
wax gives a very good luster. Although the yield of 
carnauba is higher, the big leaves of the cauassti can 
survive more clippings, can be harvested at any time 
during the year, and are much easier to grow. It is 
quite possible that since the cauassé can be cultivated 
easily the plant may be grown on plantations in Brazil. 

Candelilla. Candelilla wax is obtained from a rush- 
like weed that grows in the dry regions of northern 
Mexico and southern Texas. Most of the production 
is from Mexico where the weed grows wild. The plants 
occur in bunches of leafless, reedlike stems 2 to 4 feet 
high and about '/, inch in diameter. The wax forms a 
coating on the entire plant except the root. The plants 
are pulled up by hand or cut off at the ground and 
taken by wagon or burro to the nearest extraction 
works. Two methods are used to recover the wax. 
The older process is to boil the weeds in acidulated 
water in tanks capable of holding about 500 pounds of 
the weeds. The plants are kept below the surface of 
the water and as the temperature is raised the molten 
wax rises to the surface where it is skimmed off and 
transferred to lead-lined tanks. The crude wax is 
then remelted and kept at the boiling point to remove 
all the water. After all the water is removed the wax is 
drawn off into pans where it is permitted to settle. The 
trash and dirt settle to the bottom and are scraped off. 
The wax is then remelted and resettled, after which it 
is heated again to reduce the moisture content to less 
than 1 per cent. After being cooled in pans it is 
broken up and sacked up for the market. The yield 
of wax from the weeds is usually about 2'/2 per cent. 

The more modern way of recovering the wax is by a 
solvent process. The plants are first allowed to dry, 
then they are pulverized and put into solvent tanks con- 
taining petroleum benzine and the wax is dissolved. 
The solution is then filtered and distilled. The sol- 
vent is recovered and used again. The remaining wax 
is refined and cooled ready to ship. 

Candelilla is very hard and brittle. It is com- 
posed of about 50 per cent hydrocarbons with smaller 
amounts of alcohols and esters. It is used in some 
polishes and as an insulating material. It does not 
emulsify or saponify as easily as carnauba. The 
melting point is about 68°C. 

Sugarcane Wax. Since the first of the twentieth 
century attention has been focused on the refining and 
usage of sugarcane wax for commercial use. Investi- 
gations proved that this wax can be produced reason- 
ably and that it is a good competitor for other high 
melting waxes. During a period of about ten years, 
starting in 1916, a wax recovery plant in Natal, Union 
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of South Africa, shipped several thousand tons of 
sugarcane wax. Due to a decreased demand for the 
wax the plant was closed and not until lately has there 
been any attempt to produce the wax commercially. 

The wax occurs as a thin white layer on the exterior 
of the stem of the sugarcane with most of it being close 
to the nodes. Although the amount present varies 
greatly it rarely exceeds 0.5 per cent of the weight of 
the cane. It is known that the conditions under which 
the cane is grown affect the amount of wax, but it is 
not known why the wax occurs. When the cane is 
being milled, about 40 per cent of the wax is loosened 
and stays in the juice as suspended matter. The rest 
of the wax remains in the bagasse andi would have to be 
recovered from that. Several methods have been pro- 
posed to extract the wax from the cane: extraction by 
hot water before milling of the cane; extraction from 
the filter cake by solvents; extraction from the bagasse 
by digesting with caustic; and extraction from the 
juice by centrifuging. Probably the best method 
would be to use a selective solvent treatment on the 
filter cake and to extract the wax along with the fatty 
material present. The fatty material could then be 
removed by another solvent treatment which would 
leave the wax. The solvent would have to be removed 
and reused or the cost of the operation would be pro- 
hibitive. The wax recovered from this type of opera- 
tion is hard and rather dark in color. In order to in- 
crease its usefulness it would have to be refined to a 
lighter color. Refining of the wax may be carried on 
by an alcohol treatment. The wax is digested with 
alcohol and the extracts treated with decolorizing 
agents and filtered. The wax is then recovered by dis- 
tillation, giving a light-colored hard wax. The alcohol 
insoluble matter is dark-colored and seems to be a kind 
of pitch. 

The melting point of this wax is usually around 78°C. 
It is hard and has a relatively low saponification num- 
ber. It has been estimated that about 60 million 
pounds of crude wax are discarded annually in all of 
the cane-raising sections. With the research being 
carried on at the present, it seems that the time is not 
far away when this wax will find its place and be used 
in industry as a competitor for carnauba wax. Sugar- 
cane wax can be produced in Cuba, Argentina, East 
India, South Africa, Australia, and the United States. 

Esparto Wax. Esparto wax is produced from es- 
parto grass, a tough grass that is found principally in 
Libya, Tunisia, Algeria, and Southern Spain. The 
plant consists of a cluster of stems with feathery leaves 
growing out from them. Roving bands of Arabs 
gather the grass and sell it at several different stations 
where it is shipped to Scotland. The grass is dewaxed 
and used in papermaking. Due to the small amount 
of wax recovered from the grass, it had not been profit- 
able for the individual manufacturer to try to recover 
the wax. However, a central plant was set up and all 
the manufacturers sent the dust obtained from the wax 
to this mill. The wax is extracted with solvents on the 
principle of the Soxhlet extractor, the solvent is dis- 
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tilled off and the wax recovered. The average yield is 
about three pounds of wax from a ton of grass. Esparto 
wax is a hard, easily saponifiable wax with a melting 
point of about 76°C. It is much used in polishes due 
to the hard, lustrous finish which it leaves. It is com- 
posed of about 65 per cent esters, 20 per cent alcohols 
and hydrocarbons, the remainder being free wax acids. 

Japan Wax. Japan wax resembles a fat more than 
it does a wax. It is obtained from the berries of a small 
sumac-like tree which grows in Japan and China. The 
wax occurs as a coating on the kernel of the berry or nut. 
A tree produces during a span of about 100 years and 
has a yield of 30 to 150 pounds of nuts per year. The 
nuts yield about 15 per cent crude wax. The wax 
melts at about 50°C. and finds many uses in industry 
in candles, rubber vulcanization, polishes, and in textile 
finishes. About 9000 tons of the wax are produced 
each year in Japan and China. 

Cotton Wax. A small amount of wax has been ex- 
tracted from raw cotton fiber by a solvent extraction 
process. Some work has been done in investigating the 
properties and constants of cotton wax and there is a 
possibility that this wax may some day be of com- 
mercial value. The crude wax has a dark color with a 
disagreeable odor. The color may be lightened and 
the odor reduced by refining with activated carbon or 
fuller’s earth. The wax melts at about 70°C. and has 
about the same consistency of beeswax. It is com- 
posed mainly of esters and alcohols. Probably the 
reason that so little work has been done previously on 
this wax is the small yield, about 0.4 to 0.7 per cent. 
However, a variety of Arkansas green lint cotton has 
been reported containing from 14 to 17 per cent wax. 
Investigation has shown that this wax should meet the 
requirements of a medium-high melting wax since 
it is compatible with other waxes and resins and can be 
compounded into many of the products for which wax is 
used. 

Miscellaneous Minor Waxes. Small quantities of 
wax have been extracted from the leaves of the tea 
shrub but due to the small amount produced there has 
been no demand for it in industry. 

There are several other waxes in the vegetable class 
which have been studied in the laboratory but which 
have not been produced in large enough quantities to 
warrant investigation for use in industry. Some of 
these waxes occur as coatings on flowers, fruits, seeds, 
and berries. 


MINERAL WAXES 


Paraffin. In the mineral wax class occurs probably 
the most familiar and most widely used of all, paraffin 
wax. This wax is obtained from a crude petroleum 


fraction known as paraffin distillate. This distillate is 
obtained from a residue which remains after the pe- 
troleum has been distilled to yield its naphtha and 
burning-oil content. The wax distillate is treated 
with sulfuric acid then washed with water and caustic 
soda. During this processing the mixture is kept 
liquid by steam coils and settling takes place. The 
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mixture is then chilled to form crystals of paraffin. 
This mixture is then filtered under pressure in re- 
frigerated rooms and the oil which drains off is used as a 
lubricating oil. If a refined paraffin wax is desired the 
cake is melted, solidified, and submitted to higher pres- 
sure at elevated temperature. Further refinements 
are possible by washing with solvents and filtering 
through filter mediums. A process of sweating re- 
moves most of the remaining oil in the wax. 

The yield of paraffin wax from petroleum is usually 
from 3 to 6 per cent, depending on the source of the oil. 
By far the largest use of paraffin is for coating paper or 
paper products, with the remainder being largely used 
in candles or other applications. It is used to adulter- 
ate some of the higher priced waxes, mainly ozokerite. 
Paraffin wax is a mixture of hydrocarbons and is not a 
true wax, but due to its waxy appearance and nature it 
is classed as such. Different grades of paraffin melt 
from 40 to 60°C. 

After the paraffin wax distillate has been removed 
there is left in the still a residue consisting of heavy 
lubricating oil, asphalt, and microcrystalline wax. 
The asphalt is removed by treatment with sulfuric acid 
or solvents. A petrolatum is obtained from the 


residue by diluting with solvents, chilling, and cen- 
trifuging. Another solvent is then added to the 
petrolatum and the mixture heated, then cooled to pre- 
cipitate the wax which is then filtered through canvas. 
The oil content of microcrystalline wax is usually a 
great deal higher than that of paraffin wax. Paraffin 


wax has a large crystal structure as compared to a very 
small crystalline structure for microcrystalline. The 
microcrystalline is much more plastic than paraffin 
and has a higher melting point ranging from 60° to 
90°C, 

Montan Wax. Montan wax is a bituminous wax 
which oceurs in certain types of coal and lignite in cen- 
tral Germany. The coal is mined and the wax ex- 
tracted with various solvents. The solvents are dis- 
tilled off and the wax remains as a hard mass. It is 
very hard, brittle, and dark brown in color but can be 
refined to give a light wax resembling beeswax. It con- 
tains a fairly large amount of resinous material. In 
the crude form Montan wax melts at about 80°C., but 
after bleaching the melting point is lowered. Due to 
its hardness, good results are obtained in polishes and 
printing ink. 

Ozokerite. Ozokerite is a hydrocarbon wax which is 
mined mostly in eastern Europe from veins of wax that 
usually occur within 25 yards of the surface of the 
earth. Some mining of the wax has been done in 
Utah and Texas. It resembles paraffin wax in ap- 
pearance and composition but is not as brittle or as 
slippery as paraffin. Much of the ozokerite is adulter- 
ated with paraffin wax to reduce its cost but if it is 
desired to increase the melting point a small amount of 
carnauba is added. It is useful in solvent type polishes, 
candles, and insulation. 

Ceresin Wax. Much of the ozokerite mined is freed 
from impurities to give a light-colored ceresin wax, 
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although a mixture of paraffin wax and beeswax is also 
known as ceresin. Due to the adulteration of nearly 
all ceresin wax it is difficult to assign to it a definite 
composition. When obtained from ozokerite it varies 
in color from yellow to white, according to the degree of 
bleaching. The ceresin is filtered and agitated while 
cooling to form a cloudy product. The uses for this 
wax are much the same as for paraffin or ozokerite. 


ANIMAL AND INSECT WAXES 


Beeswax. In this group beeswax is by far the oldest 
and most used. The use of this wax has been traced 
back to the early Egyptians, possibly even earlier. It 
was thought at one time that it had certain holy powers 
which account for its use in religious candles. The 
wax is produced by the worker bees as a digestive secre- 
tion formed in the stomach from the honey and the 
flower pollen. It is exuded as a liquid and hardens to a 
scale. It is then removed by the bees, worked to a 
paste and used for the construction of the honeycomb. 
The comb is melted, strained, and the honey removed 
by centrifuging. The wax can be bleached by shred- 
ding and then allowing it to remain in the sun for a 
period of time. The color of the crude wax depends 
largely on the color of the flower that the bee has been 
visiting but the bleached wax is usually white or light 
yellow. The wax melts at about 62°C. and is com- 
posed chiefly of’cerotic and melissic acids with the cor- 
responding alcohols. Beeswax is used in many in- 
dustries and its production and distribution is almost 
world-wide. 

Chinese Insect Wax. Chinese insect wax is deposited 
on the leaves and stems of certain types of ash and 
privet trees in China. The insects do not breed in the 
same districts as the trees and the larvae have to be 
transported about 200 miles to the area where these 
particular trees grow. The branches of the tree are 
covered with the deposit from the insects until there is 
a continuous crust over the tree. The insects must 
then find another tree or die. The wax is scraped from 
the branches, thrown into boiling water and the clean 
wax skimmed from the top and cast into molds. It 
takes about 1500 insects to produce 1 to 2 g. of wax. 
It is used extensively in the manufacture of candles 
and as coatings on paper and cloth. * 

Shellac Wax. Shellac wax is obtained from shellac 
which is deposited in a manner similar to that for the 
Chinese wax. The wax is removed by a selective sol- 
vent treatment and is very useful as an insulating ma- 
terial. 

Spermaceti Wax. One of the chief animal waxes is 
spermaceti, which is obtained from the head of sperm 
whales. The whales have huge oil-filled cavities in 
their heads which are carefully emptied by the whalers. 
After standing for a period of time, the wax in the oil 
begins to crystallize out in needle-like crystals. The 
mass is submitted to heavy pressure to remove the oil 
from the wax. It has a melting point of about 43°C. 
and becomes rancid on aging. The standard candle for 
measuring light intensity uses spermaceti because of the 
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bright flame it gives. The wax is a source of cetyl alco- 
hol. As pointed out by Knaggs, it is interesting to 
note that the ‘chemical composition of spermaceti, 
which is recovered from the largest mammal, is about 
the same as Chinese insect wax, which is deposited by 
the smallest wax-producing insect. 

Other Waxes. ‘There are many more waxes that are 
not of commercial value because of the small amounts 
available. Some of these are obtained from the petals 
of flowers or fruits. 


CONCLUSION 


The future of waxes is very good if the past is any 
indication. It has been said that we live on a film of 
wax, which is very true if one stops to consider that it is 
found as a covering on most of the floors we walk over, 
and as a beautifying and protective agent on our shoes 
as well as being used directly or indirectly in nearly 
every occupation or industry that we come in contact 
with. 

Up to the past few years, the substitutes that chem- 
ists have had to offer could not compare with the 


T ue essential features of the apparatus are shown in 
Figure 1. The hot vapors from the distilling flask enter 
the apparatus through the side tube AC. They are 
condensed in the narrow annular space between the 
“cold finger” F and the outside wall ED, whence the 
distillate drains through 7, into the receiver which is 
attached at R. T; is a two-way stopcock of straight, 
wide bore. T+ is a three-way stopcock whose key has a 
wide right-angle bore and a tail-leak Z. Moreover, the 
shape of the key handle coincides with the direction of 
the right-angle bore. The limb Y of 72 is connected to 
the vacuum pump through suitable traps. 


The stopcocks are shown in the distilling position. 
To remove the receiver, 7’ is first given a quarter turn. 
T2 is then given a quarter turn clockwise, thereby admit- 
ting air into the receiver via the tail-leak L, and simul- 
taneously connecting X and Y. Distillation thus con- 
tinues via the path XY, the distillate accumulating 
temporarily at D. After removing the old and attach- 
ing the new receiver, 7, is turned back to its original 
position, whereupon the new receiver is evacuated and 
distillation is then continued by reopening 7). 
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carnauba or other hard waxes, but now there are several 
synthetics that offer some of the same properties as 
these waxes with some more desirable qualities of their 
own. A synthetic wax is at an advantage over some 
natural waxes with about the same qualities, because of 
its uniformity, lack of impurities, and controlled manu- 
facture. It is quite possible that the research going on 
now will show some very important uses for sugarcane 
wax, which might give carnauba some competition in 
the polish field. 
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The apparatus is made of Pyrex glass. 7 and 7; are 
large stopcocks of good vacuum quality and wide bore 
(8 mm.) and both are operated from the same side of 
the apparatus. The bore of Z can, of course, be very 
narrow. The “cold finger” F ends in a blunt taper 
carrying a sharp dripping point. (The outside wall ED 
is 25 mm. in bore so that the annular condensing space 
is 1.5 mm. wide.) The actual diameters of F and ED 
are not critical quantities provided that the annular 
space is not more than two millimeters. The dead 
space D—wherein the distillate accumulates during the 
changing of receivers—need not be greater than what is 
normally unavoidable in the construction of the appa- 
ratus. The water leads W; and We are connected on 
the side opposite to that from which the stopcocks are 
operated and have a wide diameter so as to ensure 4 
rapid upward flow of water past the condensing surface. 
A and R are standard-taper joints. 

The most notable feature in this apparatus is the 
incorporation of an efficient Schirm! type of condenser 
in the device for separating the fractions. This obvi- 
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Figure 1 


ates the necessity for an unwieldy setup involving a 
separate condenser leading into one of the numerous 
fractionating devices such as that of Thorne.’ 

The design of the condenser prevents external con- 


densation of moisture on the apparatus. Again, be- 
cause of its clean drainage, it can be successfully used 
for the vacuum distillation of quite small volumes of 
liquids. In this connection, the true alignment of F 
with respect to ZD is important, in order that the annu- 
lar space may be uniform. Otherwise liquid lenses are 
formed which refuse to drain properly. 

It is very frequently the case that a volatile solvent 
has to be distilled off at atmospheric pressure before a 
residual product can be distilled under reduced pressure. 
This apparatus has the advantage that both of these 
operations can be accomplished consecutively in it 
without dismantling, thus saving time. Even large 
quantities of ether can be conveniently dealt with. 





2 THorNgE, L. T., Ber., 16, 1327 (1883). 
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The side tube AC enters midway along the 20- 
cm. condensing surface in order that efficient condensa- 
tion may be maintained during the operations of chang- 
ing the receiver. The apparatus is fitted with standard 
interchangeable ground joints for convenience. But 
these are not indispensable and the apparatus can be 
readily used in conjunction with an ordinary Claisen 
distillation flask, the side tube of which is fitted into A 
by means of a rubber bung. If thie Claisen side arm is 
inserted to within about 1 cm. of the condenser surface, 
the efficiency of the latter protects the rubber from ap- 
preciable attack by hot vapors. 

In so far as the author is aware, the first attempt to 
combine a condenser and vacuum fractionating device 
into one compact instrument is that due to Linnell and 
Perkin.* The water-jacketed triangle described later 
by Cloke? is, in all essentials, very closely similar to it 
except for the fact that Linnell and Perkin used the 
Thorne stopcock system whereas Cloke uses a less con- 
venient one involving four two-way stopcocks. Several 
good stopcock systems for use in vacuum fractionation 
are already known. Among the best examples are 
those of Kon;> Speight;* Towne, Young and Eby;’ or 
Noonan.’ A brief study of these systems shows that 
the condenser arrangement described here could readily 
be combined with any one of them to produce a useful 
condensing fractionator. The author prefers the con- 
struction in the present communication since only one 
special stopcock, 72, is required, which is of a simple de- 
sign and very simple in operation. Moreover, it is con- 
sidered that the Schirm condenser possesses advantages 
both of construction and efficiency over the Liebig types 
suggested by Towne, Young, and Eby and by Cloke. 
The dimensions specified above need not be adhered to 
strictly, provided that the annular condensing space be 
always kept narrow. For instance,’a similar apparatus 
with a shorter (15 cm.), narrower condenser and smaller 
stopcocks was found to give very satisfactory general 
service in the organic teaching laboratories. However, 
when low-boiling distillates are dealt with (e. g., 35° to 
60°C.) it is advisable to use the longer condenser. 

The author is much indebted to Mr. W. J. Nelson, 
glassblower to this College, for his elegant constructions 
of fractionating apparatus of this type. 





3 LINNELL, W. H., College of the Pharmaceutical Society, 
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AN AID IN THE CONSTRUCTION OF 
TITRATION GRAPHS 


T irration graphs are commonly used in elementary 
courses in quantitative analysis to demonstrate the 
change in concentration of an ion during the course of 
the titration. A neutralization curve, for example, 
represents the pH values continuously from the start of 
the titration to the end point or well beyond the end 
point. Titration graphs are extremely useful to the 
teacher of analytical chemistry as a device for showing 
variations in the sharpness of end point with changes in 
concentration of reagents, type of reagents used, and 
nature of the indicator. This graphical method of 
presentation is applicable to nearly all types of titration 
systems, including neutralization, precipitation, oxida- 
tion-reduction and potentiometric titrations. The 
general usage of this device is emphasized by the fact 
that practically all modern textbooks ‘of quantitative 
analysis employ it, although there is considerable varia- 
tion in the degree of detail with which it is discussed. 

It is common practice, also, to present the various 
methods of computation of ion concentrations necessary 
for the construction of titration graphs. These meth- 
ods involve the use of the Law of Mass Action and 
chemical equilibrium and include the more common 
cases of dissociation of weak electrolytes, common ion 
effects, buffer solutions, hydrolysis of various types of 
salts, solubility product and oxidation-reduction equi- 
libria. 

Probably every experienced teacher of quantitative 
analysis fully realizes the difficulty which the average 
student experiences in attempting to construct even the 
simple titration graphs due to the complexity of the 
subject. The fundamental difficulty is the failure to 
form a clear picture of the nature of the titration system 
at various stages of completion. If one does not realize 
clearly that at certain stages a neutralization system 
may consist of a simple solution of an acid, while at 
other stages it may be a buffer solution composed of a 
weak acid and its salt, and at still another stage it may 
be simply a solution of a salt, it is obvious that he can- 
not. properly apply the appropriate mathematical 
formulations for the construction of the titration curve. 

In order to aid students in the elementary analysis 
courses who experience this common difficulty, the 
writer recently devised a graphical method of presenta- 
tion to help them form a clear picture of the nature of 
the system they are dealing with. The use of this 
method in the classroom met with such marked success 
and favorable reaction from the students that it was 
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Figure 1. 


felt that others might also like to consider it for their 
use in similar situations. 

The following presentation of the method is intended 
merely as an illustration of its application to two cases: 
simple neutralization and simple precipitation reactions. 
It is felt that the teacher or student may readily adapt 
the procedure to the more complex cases as the need 
arises, since the method is in itself quite simple and 
direct. Since this device is intended only to show 
graphically the nature of the system at any given stage 
of the reaction, the student must still have a sound 
knowledge of the principles of chemical equilibrium in 
order to apply the information to the actual construc- 
tion of a titration graph. 

SIMPLE NEUTRALIZATION SYSTEMS 

The case of the titration of a monobasic acid, HA, 
with a base, BOH, is represented in Figure 1. The 
reaction is 

HA + BOH — BA + H.0 

Acid Base Salt Water 
The ordinates in Figure 1 represent equivalents of 
solute and also total volume of solution as the titration 
progresses. The abscissae represent per cent neutrali- 
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zation: point B represents 100% neutralization, 7. ¢., 
the end point of the reaction; points on BC show the 
amount of excess base added after the end point is 
reached. At C, “200% neutralization,” an amount of 
excess base equal to the amount of original acid present 
has been added. In order to show the change in vol- 
ume, the line Vo to Vo has been drawn to illustrate the 
case in which the acid and base are of equal concentra- 
tions. If the concentrations of acid and base differ, 
this volume line wil] have a different slope, but is always 
straight. Vo is the original volume of the sample. 

It is readily seen that the amount of acid decreases 
linearly to a value of zero at the end point, and that the 
number of equivalents of acid remaining at any inter- 
mediate point in the titration is given by points on EB. 
Simultaneously, the amount of salt formed increases 
from zero at the start of the titration to the value BD at 
the end point. Beyond the end point, as the addition of 
base is continued, the amount of salt remains constant, 
while the amount of excess base increases linearly from 
zero to the value, CF, which is equal to the amount of 
salt and also the original amount of acid. Concentra- 
tions are easily determined by taking into account the 
actual equivalents of acid, salt, or base present at any 
stage of the titration and observing the value of the 
corresponding volume given by points on the volume 
line. 

An example will serve to illustrate the general method 
of use of the graph. In the titration of 100 ml. of 0.1 
N acid, HA, with 0.1 N base, BOH, the ordinate AE 
represents 0.01 equivalent of acid in the original sample 
and Vo equals 100 ml. At 60% neutralization, wz and 
zy equal the number of equivalents of acid and salt, 
respectively, and the volume increase is equal to yz. 
Since wx represents four-tenths of the original acid and 
the volume has increased to 160 ml., the concentration 
of acid is now 


(0.4) (0.1)(100/160) = 0.025 NV 


Similarly, the concentration of salt is 
(0.6) (0.1) (100/160) = 0.0375 NV 


More simply, since the ratio of salt to acid is seen to be 
3:2, the concentration of salt equals 


(3/2)(0.025 N) = 0.0375 N 


Four types of neutralization reactions will now be dis- 
cussed in detail. For convenience in the following dis- 
cussions, let us divide the titration process into four 
parts: first, the sample at the beginning of the titra- 
tion, consisting of a solution of an acid; second, the 
addition of base up to, but not including, the end point 
(region AB in Figure 1); third, the end point (point B), 
at which we have only a solution of a salt; and fourth, 
the region beyond the end point, during which interval 
base is being added in excess (region BC in Figure 1). 

Type 1: Strong Acid Titrated with Strong Base. Con- 
sider the titration of 100 ml. of 0.1 N solution of strong 
acid with strong base of the same strength. 


Region 1 (Point A). Since the sample is a strong acid, we may 
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regard the hydrogen-ion concentration as equal to the total con- 
centration, 7. e., 


[H*] = CC. =0.1M 


Region 2 (Region AB). In the mixture of the strong acid and 
a salt, the hydrogen-ion concentration is considered to be the 
same as the concentration of the acid: 


[H+] = C. 
At 60% neutralization, for example, 
[H*] = (0.4)(0.1)(100/160) = 0.025 M 


It is well to point out that [H*] is not equal to Cain the region 
very close to the end point, since the ionization of water itself be- 
comes significant in this region. However, for the purpose of con- 
structing the simple titration curve, it is generally unnecessary to 
consider points in this very limited region. In the example under 
discussion, [H*] may be considered practically equal to Ca at 
least down to within about 0.02% of the end point. This limita- 
tion is somewhat greater when more dilute solutions are under 
consideration. 

Region 3 (End Point, B). Here we have a salt of the NaCl type, 
whose concentration 


C, = (1)(0.1)(100/200) = 0.05 NV 


For a solution of this type of salt, since hydrolysis is negligible, 
the hydrogen-ion concentration is the same as that for pure water, 
10~ (room temperature). 

Region 4 (Region BC). Here the situation is analogous to that 
in region AB, except that a strong base instead of strong acid is 
present with the salt. We consider the hydroxyl-ion concentra- 
tion as equal to the concentration of base; the effect of the salt 
is negligible for our purpose. At 140% neutralized, since the total 
volume is 240 ml., 


[(OH-] = Cy = (0.4)(0.1) (100/240) = 0.0167 M 
Then 
1 X 10-* 
1.67 X 107? 
where Ky is the ion product constant for water. 
Type 2: Weak Acid Titrated with Strong Base. An 


example of this type would be the titration of acetic 
acid with sodium hydroxide. 


[H*] = K./[OH-] = = 6X 10" M 


Region 1. Using the equilibrium expression for the ionization 
of a weak acid, we solve for the hydrogen-ion concentration in the 
usual manner. In most cases we can use the simple expression 


[H+] = VC.K. 


as an acceptable approximation, where Cy repfesents the concen- 
tration of the acid and Kg is the ionization constant. 

Region 2. As soon as base is added to the acid, a mixture of 
the weak acid and its salt is formed. This is a buffer mixture, 
and the hydrogen-ion concentration for such a solution is 


Ca 
ED) me es 
{H*] CG. Ka 


where C,/C; is the ratio of the concentration of the acid to that 
of the salt. Since it is not necessary to know the actual concentra- 
tions to evaluate this ratio, the value is easily read directly from 
the graph. For example, at 60 per cent neutralization, the ratio 
Ca/Cs is 0.4/0.6 or 2/3; hence, 
[H*] = */,K. 

It may be desirable to demonstrate that the evaluation of the 
ratio C'e/C's does not require a knowledge of the actual concentra- 
tion values. This is easily done by calculating the actual values 
to show that the same factor occurs in both numerator and 
denominator, 7. e. . 
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Figure 2. Same 


_ (0.4)(0.1)(100/160) _ 
C./C. = (0.6)(0.1)(100/160) — 


In the region AB close to A, the simple formula for a buffer 
cannot be applied, since C's does not approximate the true anion 
concentration satisfactorily. One should avoid the use of the 
simple buffer formula until approximately 10 per cent of the acid 
has been neutralized. 

Immediately adjacent to the end point, B, it is necessary to use 
discretion in applying this simple calculation, also, as noted in 
the case of Type 1, Region 2. 

Region 3. At the end point of this reaction we have a solution 
of the salt of the weak acid and strong base. This salt hydrolyzes, 
and the hydrogen-ion concentration is given by the expression 


The value of Cs, the concentration of the salt, is seen to be half 
that of the original acid sample, since the volume has been doubled 
and the total equivalents of salt equal the original equivalents 
of acid. 

Region 4. Since the base present in this case is a strong one, the 
same method of calculation is used as in the corresponding region 
of Type 1 above. 


Type 3: Weak Acid Titrated with Weak Base. The 
titration of acetic acid with ammonium hydroxide is an 
example of this type. 


2/; 





Region 1. The hydrogen-ion concentration of the sample is 
found in the same manner as in the preceding type. 

Region 2. Again we have a buffer solution, as in Type 2, so the 
treatment is the same as it was in that case. 

Region 3. The salt present at this end point is a salt of a weak 
acid and weak base, and will be appreciably hydrolyzed. How- 
ever, if the ionization constants Kg and Ky of the acid and base, 
respectively, are about equal, the pH of the solution will be prac- 
tically that of pure water, z. e., about 7. In general the hydrogen- 
ion concentration may be found satisfactorily by the use of the ap- 


proximate expression 
KwK 
+ _ \ w- a 
(H*] Ky 
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Region 4. As in Region 2 preceding the end point, in Region 4 
we have a buffer solution. This buffer solution is composed of the 
excess of weak base added and the salt formed during the neu- 
tralization. The amount of salt remains constant, but the amount 
of base increases linearly. For such a buffer 


[OH-] = GK 


Since only the ratio of the concentrations, C,/Cs, is involved, the 
relative amounts of base and salt obtained directly from the 
graph ean be used without actually calculating the concentra- 
tions. At 140% neutralized we have 


[OH-] = o*.Ks = 0.4K, 


From the value of [OH~] the hydrogen-ion concentration is 
easily found. 


Type 4: Weak Base Titrated with Strong Acid. If 
the “acid” and “base” regions in Figure 1 are inter- 
changed, the graph of the titration of a weak base with 
a strong acid is obtained. It is obvious that this is the 
counterpart of Type 2 and is treated similarly. 


Region 1. The sample is a weak base, so 


[OH-] = VC.Ks, approximately 


Region 2. The solutionin this region is a buffer consisting of the 
weak base and its salt. It is treated as in Type 3, Region 4. The 
same limitations to the utility of the simple buffer formula pointed 
out under Type 2, Region 2, apply here, also. 

Region 8. The salt solution at the end point is formed from the 
weak base and strong acid; hence, 


wCs 
Ky 
Region 4. The buffer solution in this region is of the same type 
and is treated in the same way as that in Type 2, Region 2, or 
Type 3, Region 2. 
Extension of the treatment to cases involving poly- 
acid bases and polybasic acids, if desired, may be car- 
ried out easily. 


fH*] = 


SIMPLE PRECIPITATION SYSTEMS 


Figure 2 shows the graph of the titration of a soluble 
chloride with silver nitrate. It is similar in form to that 
for the neutralization system. As an example, consider 
the titration of 100 ml. of 0.1 N NaCl with 0.1 N Ag- 
NO;. As before, we shall divide the process into four 
regions. Since we are dealing with solubilities, we must 
use the solubility product relationship in our mathe- 
matical analysis: 

[Ag*][Cl-] = Ks.p 


Region 1. Our original sample is a solution of NaCl and since 
it is completely ionized, the concentration of chloride ion, 


[(Cl-] = C, = 0.1M 


where C;; is the concentration of the NaCl. 

Region 2. As AgNO; is added from the buret, AgC] is precipi- 
tated and the amount of Cl~ remaining in solution decreases 
linearly. At any stage of the reaction in this region the value of 
[Cl-] is readily determined from the graph by considering the 
number of equivalents remaining and also the total volume of the 
solution. For example, when 80% of the chloride has been pre- 
cipitated (80 ml. of AgNO; added) 
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[Cl-] = (0.2)(0.1)(100/180) = 0.011 M’ 


since 0.2 of the original salt remains unprecipitated and the vol- 
ume of the solution has increased from 100 ml. to i80 ml. 

In the region very close to the end point, the method illustrated 
above cannot be applied, since the AgC] itself produces an appreci- 
able quantity of Ag+ and Cl~ions In the example cited, assum- 
ing a value of 1.1 X 10~!° for Ks.r., the use of the simple method 
of calculation begins to yield significantly erroneous values for 
[Cl-] when more than 99.9 ml. of AgNO; have been added. More 
accurate values may be readily obtained in this region, if desired, 
by the proper consideration of the ions from both the soluble 
chloride and the slightly soluble AgCl. In actual practice, how- 
ever, it is rarely necessary to carry the calculation into this very 
limited region in order to determine the course of the titration 
curve. It is easily shown that this region becomes smaller and 
less significant the more insoluble the salt formed in the titration, 
and it increases with decreasing concentration of solutions used. 

Region 3. At the end point the chloride is present as the 
silver salt, and the only chloride ions in solution are those which 
result from the slight solubility of silver chloride. Thus, 


[Cl-] = [Ag*] = VKs.p 


Region 4. Beyond the end point we are adding AgNO; in 
excess, and this remains in the solution causing the concentration 


THE ACADEMIC 


Tue teacher or laboratory scientist cannot fulfill 
completely and simultaneously his classroom or bench 
responsibilities and the imperative of familiarity with 
reports of advances in his field and those related to it. 
Data accumulate so rapidly that, as in agriculture, large 
portions of bumper crops frequently rot unharvested 
for want of workers to collect, process, and distribute 
them. 

The Cambridge Branch of the (British) Association 
of Scientific Workers sponsored a discussion last autumn 
of means whereby efficient science information service 
might be assured (7). At that conference Professor 
R. S. Hutton stated that there are- about 15,000 
worth-while scientific periodicals in which appear 
annually about 750,000 original papers: Of these, 
about one-third are abstracted. Chemistry, ‘“. . . the 
most thoroughly abstracted branch of science,” ac- 
counts for a great number of the abstracts. 

More than 5,000,000 books—over one-third of all 
those published since the invention of printing from 
movable type—appeared in the years 1900-40. Under 
the double deluge of books and periodicals, the scholarly 

1 Presented before the Division of Chemical Education at the 


114th meeting of the American Chemical Society in Washington, 
D. C., August, 1948. 
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of silver ions to increase linearly. The Ag* concentration is the 
same as that of the AgNO; added in excess. It is calculated by 
consideration of the number of equivalents of AgNO; present at 
any specified time, as shown by the graph, and also the volume 
of solution. At 160%, the Ag* concentration, 


[Ag*] = (0.6)(0.1)(100/260) = 0.023 M 


The Cl- concentration is then readily determined from the solu- 
bility product relationship. 


In conclusion, a graphical method has been outlined 
for the classroom presentation of background material 
necessary for the thorough understanding of the con- 
struction of titration graphs. Detailed discussion of 
two simple types of titration, neutralization, and pre- 
cipitation, has been given. The method is easily ca- 
pable of extension to most of the other types of titration 
reactions, and should help the student form a clear 
mental picture of the processes involved. 

The author would be pleased to hear from teachers 
who may try the method in their classes, and would 
welcome suggestions as to its improvement or modifica- 
tion. 


LITERATURE-SCIENCE UNIT' 


WILLIAM F. HEWITT, JR. 
Howard University School of Medicine, 
Washington, D. C. 


libraries of this country have doubled in size every 16 
years in recent decades (2), the doubling-period de- 
creasing progressively. The growth in volume of 
scientific literature is estimated at 5 per cent per year 
(3). 
The Royal Society Scientific Information Conference, 
July, 1948, took the position that 


. anything which contributes to the freedom and ease of 
communication among scientists is, per se, a ¢ontribution to sci- 
ence . . . we must expect inferior science from those who cannot 
work at the great research centers until mechanisms are developed 
to insure that every scientist, no matter where he may be, may 
have access to the recorded record of science to the full extent to 
which it can contribute to his investigations. 


The reference librarian, of varying degree of sophisti- 
cation in science, has been for centuries the major or 
only specialist devoting full. time to ordering and 
canalizing the informational avalanche. Librarians 
know that they need more scientific training. The 
reference librarian at this university, for example, said 
recently (5): 

It is becoming a thing of the past to say that special librarians 


need librarianship most and a general acquaintance with techni- 
cal and scientific terms. ... We must, within this generation, 


_attract more people who have done work in zoology, bacteriology, 
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chemistry, physiology, comparative anatomy, embryology, 


mathematics, and physics. 


The librarians know that they need to know more 
science; is there a corresponding concern, on the part 
of scientists, to learn the technology of communica- 
tions? Ata recent meeting of the Expert Committee on 
Scientific Abstracting, of the Interim Committee on 
Medical and Biological Abstracting, Division of Natural 
Sciences, UNESCO, 


It was pointed out that librarians and documentalists have 
hitherto been those chiefly concerned over the abstracting situa- 
tion, while the scientists themselves have, to a great extent, ig- 
nored it. Many present expressed the opinion that conditions 
have now become so chaotic that scientists will be compelled to 
aid in seeking some solution (6). 


The appearance in the Division of Chemical Educa- 
tion of the Chemical Literature Group, now in process 
of becoming a new Division of the American Chemical 
Society, marks a long step forward in world science 
communications. Recognition of the Division may 
mark also the emergence of professional status, among 
his bench-minded colleagues, of the literature scientist. 
Holmstrom’s viewpoint may become more common re- 
garding the “‘. . .importance—equal to that of the actual 
experimenters—of those concerned with editing, dis- 
seminating, abstracting, and indexing scientific papers, 
and whose function is to harmonize different lines of 
research (7).”’ 

The following are the duties of a single person, neither 
bench scientist nor librarian, who heads the Library, 
Editorial and Information Section, Medical Division, 
Army Chemical Center (8) : 


Making literary searches and furnishing information. .. . 
Compiling and coordinating data and preparing answers to cor- 
respondence requesting information relative to various research 
activities. Surveying all literature coming from other research 
organizations and preparing critical summaries of data . . . as 
related to... items of interest to research investigators. Obtains 
copies of reports that might be of value to research personnel and 
maintains files of such reports for circulation. Preparing weekly 
bibliography. Statistically analyzing and evaluating chemical, 
physical and physiological data obtained in course of experi- 
ments . . . for purpose of determining the volume of experimenta- 
tion and percentage of results necessary to secure a valid conclu- 
sion.... Preparing periodic and special reports on progress and 
accomplishments of research. ... Attending and reporting on 
meetings of scientific associations. .. . 


It may be superflous to emphasize that the post de- 


scribed is not that of librarian. In a recent “Situations 
Open” advertisement in Chem. Eng. News (9), however, 
the Armour Research Foundation thought # necessary 
to warn the reader that the opening in literature re- 
search “‘. . . .is not to be confused with that of librarian. 
We desire chemist or chemical engineer who uses the 
library as a research tool.” 

According to the Royal Society Scientific Information 
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Conference (3), journals would be less swollen and publi- 
cation more rapid if scientists were better authors, and 
if they knew how to find information (assuming greater 
accessibility of the latter). Teaching scientists how to 
find and use information—at the beginning of under- 
graduate study, again in early postgraduate work, and 
again as necessary during their professional careers— 
was a large segment of the Conference’s recommenda- 
tions. . In large organizations such instruction would be 
done by publication advisors, information officers, and 
other special-service units or persons. 

Literature-science groups in industry and govern- 
ment have been expected to free the bench scientist for 
laboratory work, to improve form and content of intra- 
and extramurally published reports, and to facilitate 
the flow of ideas and their effective promotion within 
the organization. Academic organizations, founda- 
tions, and other nongovernment, nonprofit bodies also 
might benefit from the realization of these objectives. 
The academic literature-science unit might undertake a 
fourth function as well: the training of literature scien- 
tists for the needs of all types of organizations. Litera- 
ture-science instruction needs standardization and cur- 
ricularization, and on-the-job education very well might 
be recognized and to some extent regulated, as through 
an internship program. Neither scientists’ nor libra- 
rians’ schools now offer such training. 

Returns from a questionnaire sent to 169 members of 
the staffs of liberal arts, graduate, and professional 
units of this university indicate: (1) considerable de- 
mand for at least the 26 service, teaching, and research 
activities listed thereon, which are not carried on here 
but are possible through the forming of a literature- 
science group; (2) willingness to contribute a wide 
variety of professional-level assistance to such a joint 
undertaking; and (8) desire for more information con- 
cerning literature science in general and many of its 
operations specifically. 

The existence of an academic literature-science 
group such as has been sketchily proposed above is not 
known to the author who invites suggestions and other 
correspondence. 
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ADVANTAGES OF THE SEMIMICRO 
TECHNIQUES FOR GENERAL CHEMISTRY’ 


Avr rue Oklahoma A. and M. College we started ex- 
perimenting on the semimicro laboratory procedure in 
1930. The first laboratory manual to our knowledge is 
one entitled “‘Practical Chemistry by Micro-Methods,”’? 
written by Dr. Egerton Charles Grey in 1924. Dr. 
Grey, at that time, was professor of Chemistry at the 
Government Medical School, Cairo, Egypt. In his 
preface, he writes: “It must be evident to many that 
the time has come for a change in some of the methods 
of teaching practical chemistry. Classes seem to get 
larger every year, and the standard is being gradually 
raised. It follows that many experiments which could 
once be performed by each individual must perforce 
be omitted, and there is a tendency to meet the situa- 
tion by adapting the practical course rather to the con- 
venience of the laboratory than to the individual needs 
of the students. There is nothing which at present is 
done by students with large apparatus that cannot be 
done with the micro-method, but there is much that 
can be done with small apparatus that is sheer waste 
when done on the larger scale.” 

We used this book for one year but found the exer- 
cises unsuitable for us, but the plan and ideas were 
highly intriguing. So for the past 13 years experiments 
and changes have been taking place; changes have been 
made from semester to semester and year to year in the 
selection of experiments, alteration in directions, and 
inclusion of new ideas; in the assortment of equipment 
in the students’ lockers; in the arrangements of re- 
agents placed before the student or on the side shelves; 
in the design of the laboratory table, as to space per 
student, location of reagents, sinks and services as 
hoods, distribution of hydrogen sulfide, and in providing 
seating for students to reduce fatigue; and in the 
arrangement of facilities to provide for greater con- 
venience in the use of notebook, laboratory manuals 
and texts and to protect them, as well as the students’ 
clothing, from damage due to spilt acid, chemicals, and 
water. 

Over this period the present laboratory manual, 
“Semimicro Laboratory Exercises in General Chem- 
istry,”’ was developed by Messrs. J. Austin Burrows, 





1 Presented before the Division of Chemical Education at the 
113th meeting of the American Chemical Society in Chicago, 
April, 1948. , 

* Grey, E. C., “Practical Chemistry by Micro-Methods,” 
W. Heffer & Sons, Ltd., Cambridge, England, 1924. 


OTTO M. SMITH and J. AUSTIN BURROWS 
Oklahoma A. and M. College, Stillwater, Oklahoma 


HERBERT THELAN 
University of Chicago, Chicago, Illinois 


Paul Arthur, O. M. Smith,’ and associates. Originally, 
many of the laboratory exercises were written for the 
customary macro scale experimentation. They have 
all now been changed for the semimicro scale. Thus 
the data and conclusions stated in this report have been 
obtained by comparing the results and observations 
using the two laboratory procedures, macro and 
semimicro, when using relatively the same exercises by 
the same teachers. 

The writer wishes to remind his readers that the data, 
with few exceptions, are those obtained from only the 
laboratories of the authors at Oklahoma A. and M. 
College. 

This paper is in two parts, the one deals with the 
relative advantages and disadvantages of the two pro- 
cedures as they may influence the learning of the stu- 
dents, the acquisition of certain laboratory skills, their 
attitude toward chemistry, and the grades they re- 
ceived in the chemistry course; the other deals with 
the administration of general chemistry as regards to 
costs for equipment, breakage, and apparatus pro- 
vided the student, the capacity of the laboratory, 
maintenance costs, health and accident hazards. 

One of us spent a year making a careful study of the 
two laboratory methods.‘ These experiments were 
carried out using nine classes taught by five different 
instructors. From this group for the fall semester two 
matched groups of 48 students using each method 
were compared. These 96 students, in several groups, 
were distributed in four classes of three instructors 
during the second semester. The precision of matching 
was considerably better than the precision with which 
the instruments used could show any difference. The 
two groups were compared using specially constructed 
measures for the following objectives: knowledge of 
chemical concept, ability to interpret data, ability to 
evaluate factors in experiments, ability to predict out- 
come of experiments, ability to explain finding in ex- 





3 Burrows, J. A., P. ArtHur, anp O. M. Situ, ‘Semimicro 
Laboratory Exercises in General Chemistry,’”’ Macmillan Com- 
pany, 1942. 

4“The Appraisal of Two Methods for Teaching Scientific 
Thinking in General Chemistry,” by Herpert THELAN, unpub- 
lished Ph.D. Thesis, University of Chicago, 1944. Also exten- 
sively abstracted in the Journal of Experimental Education, 
September, 1944, pp. 58-75, under the title, “A Methodological 
Study of the Learning of Chemical Concepts and of Certain 
Abilities to Think Critically in Freshman Chemistry.” 
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periments, skill in critical reading of statements of 
chemical functionality, and opinion about good labora- 
tory techniques. 

Of the 34 comparisons possible on the above seven 
sections of the tests, 23 show slight but insignificant 
advantages for the semimicro group. This might be 
accounted for by known differences between the stu- 
dents or more likely by known differences in the en- 
thusiasm of the instructor for the two methods. 

The macro certainly is not superior to the semimicro 
method, but the superiority of the semimicro is not 
demonstrated to be due solely to the difference in the 
size and the design of the apparatus. In any case the 
difference is not educationally significant. 

The impressions of some of the instructors were that 
the semimicro procedure permitted the student to per- 
form more experiments in a given time than when using 
the macro procedures. 

As regards the administration of the freshman labora- 
tory, these are the conclusions reached by the staff at 
Oklahoma A. and M. College after using micro pro- 
cedures and observing classes for about 12 years. 


COSTS 


Equipment in the Desks. On comparing the apparatus 
check lists, there is less difference than one might ex- 
pect. In the semimicro method, although smaller-size 


pieces are used, a greater variety is included, 39 items 


for the macro equipment and 56 for the Semimicro. 
Value of all equipment in the desk, including nonre- 
turnables and excluding ring stands, tripods, reagent 
bottles and chemicals, based on costs for 1947, is for the 
macro set $6.74 and for the semimicro set $8.39. 

Consumables. For semimicro the breakage and con- 
sumables other than chemicals per student for three 
hours of laboratory per week for one semester is esti- 
mated as: 31 cents for 1944, 34 cents for 1946, 42 cents 
for 1947. Two other schools report cost of 30 cents and 
75 cents per student per semester. 

Chemicals. The cost of chemicals per student per 
semester is estimated at 75 cents to $1.15 for the period 
of 1943 to 1947. A comparison of the amount and cost 
of chemicals used in the same experiments, involving 86 
different items, was 51/2 times more expensive for the 
macro than for the semimicro. One complete set of all 
reagents is placed on the laboratory table for each four 
students. On the reagent racks the large size bottles 
are only 4 oz. instead of the usual 16- to 32-oz. size. 

Centrifuges. Centrifuges are used in place of filtering. 
In the macro procedures filter paper was used, but in the 
semimicro occasionally or not at all. At present one 
centrifuge per 24 students is sufficient. The price of the 
Waco centrifuges purchased this year was $37.50 each. 
During the past years we have not had any centrifuge 
failures. Of course they are periodically oiled and 
cleaned in our own shop and only one has had to be re- 
turned to the factory. A conservative life estimate of a 
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centrifuge, in our opinion, is ten years. Thus the cost 
per centrifuge per student for one semester is only 10 
cents each, or 20 cents per year. 

Hydrogen Sulfide. Since such a small amount of 
HS is needed, the extensive installations with separate 
rooms, hoods and exhaust systems, and dispensing 
arrangements for liquid HS are not needed at all. 
Ferrous sulfide about the size of a BB shot is used in a 
75-mm. test tube with a drop or two of dilute HCl. 
These amounts in even the larger classes of 100 to 200 
students do not release sufficient H2S to become a 
nuisance. 

Costs. The total cost per student for a 3-hour labora- 
tory per week for one semester, for all services pro- 
vided the student—chemicals and apparatus, labor 
and maintenance and desk reagents—is estimated as: 
$3.12 for 1944, $4.15 for 1946, $4 for 1947. 

Several schools were asked to submit figures of costs, 
but most indicated that the values so submitted are 
estimates; few if any keep records of costs per class. 
The estimates given from six schools are $2.50, $2.85, 
$3, $4.50, $7.50, and $8. One small college reports that 
the actual cost from records maintained is $7.21 per 
student per semester, plus the chemicals used. 


HEALTH HAZARD 


In the traditional or customary laboratory, using 
macro techniques, the teaching staff has always 
dreaded the halogen exercises. You know well what I 
mean—sore throats, irritated eyes, colds, and frayed 
tempers. With the semimicro method, even though 
there is some odor and irritation, the extent is so small 
that not even hood ventilation is required. As regards 
the fire hazards in the use of ether, alcohol, sodium, and 
other inflammables, such small amounts do not require 
the usual precautions. We have had fewer accidents 
and less serious ones using the semimicro quantities. 
There are fewer clothes damaged, due to smaller quan- 
tities of chemicals used. 


SPACE 


We have experimented with various length of space 
allotted to the student and have reached the conclu- 
sions that the effective minimum is 42 inches; below 
this the average student is crowded. 

We have used lockers of various sizes from 10 in. wide 
by 48/, in. high by 20 in. deep, which is too small, to the 
lockers originally built in the desk, about 17 in. wide by 
35 in. high by 20 in. deep. This space accommodated 
at that time one student’s equipment; that space is 
now adequately accommodating 4 students. Thus a 
laboratory table 14 feet long by 4 feet wide which for- 
merly housed the equipment for 14 students now takes 
care of 56 students, an increase of four times. The size 
of the lockers we are now using is about 9°/, in. wide by 
8*/, in. high by 16 in. deep. 
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BUILDING MAINTENANCE 


With less corrosive fumes, absence of hoods, small 
amounts of chemicals used and spilled, the costs of 
maintaining the laboratory are considered less. Plumb- 
ing repairs and other work done have been materially 
less. 

As a summary, Dr. Bede Ernsdorff of St. Martins 
College writes, ‘““The advantages of semimicro pro- 
cedures, in our estimation, go far beyond the show in 
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costs, since these are ultimately cared for by student 
fees anyway. In fact, the over-all costs of the semi- 
micro are equal to, or even above, macro procedures 
during the first years of a changeover, because of in- 
vestment in special containers, centrifuges, etc. The 
neater and more rapid techniques, the easier accessi- 
bility of supplies to each student, the reduction of ob- 
noxious odors even without forced ventilation, smaller 
working and storage space, are all a few of the advan- 
tages that we would not like to be without.” | 


NATIONAL COOPERATIVE UNDERGRADUATE 
CHEMICAL RESEARCH PROGRAM 


A yationat cooperative undergraduate chemical 


research program was organized at the St. Louis meeting 
of the Division of Chemical Education of the American 
Chemical Society, September 6, 1948, for the dual pur- 
pose of stimulating undergraduate chemical research 
and of supplying data to fill existing gaps in the chemi- 
cal literature. W. P. Cortelyou, chairman of the chem- 
istry department of Roosevelt College, was appointed 
chairman of the organizing committee, and Ethaline 
Cortelyou, a technical editor of Armour Research 
Foundation, was named secretary and editor of the 
catalog of projects. 

Any teacher interested in sponsoring a project suita- 
ble for cooperative undergraduate research is requested 
to write to the author for a standard form to be filled in 
as a one-page description of the project to be inserted in 
the catalog. Each project must be on a problem in 
which usable data can be obtained from check results 
made by two or more students assigned to the problem, 
independent of and unknown to each other. A project 
may contain one or more research units, each of such a 
nature that acceptable results are probable within 50 
hours of laboratory work, the equivalent of one semes- 
ter-hour of college credit. 

The teacher proposing such a project will act as proj- 
ect director, assigning each research unit to three or 
more students (each one in a different school), furnish- 
ing instructions and suggestions for research procedure, 
and receiving and comparing the final results. He,will 
send a tabulation of the verified data and the names of 
the checking students to N. A. Lange who has offered 
to cooperate with the program by issuing official Cer- 


ETHALINE CORTELYOU 
Armour Research Foundation, Chicago, Illinois 


tificates of Acceptance to successful students and to 
publish usable data in the ‘(Handbook of Chemistry.”’ 
When sufficient data have been obtained a project direc- 
tor may submit an article on his project for publication. 

Upon request, one free copy of the catalog, containing 
descriptions of all current projects, will be sent to each 
school desiring to participate in the program. 

It is hoped that eventually the program will be spon- 
sored by the Division of Chemical Education of the 
American Chemical Society. At St. Louis the organiz- 
ing committee voted to finance the program for its first 
year by levying a tax of ten dollars ($10) on each school 
having one or more project directors. 

More than 75 teachers have expressed an interest in 
the program and some have started research projects 
already in this fall semester of 1948. Others plan to 
start the program in their schools next semester. Some 
will be project directors and many will cooperate by 
directing the research of their own students on projects 
directed by others. 

Members of the organizing committee are: Forrest 
Blankenship, University of Oklahoma; G. E. Brown, 
Culver-Stockton College; E. Seaton Carney, Hartwick 
College; Ethaline Cortelyou, Armour Research Foun- 
dation; W. P. Cortelyou, Roosevelt College; Rev. 
Bestin Emling, St. Vincent College; John B. Entrikin, 
Centenary College; K. E. Jackson, University of Ala- 
bama; E. V. Jones, University of Alabama; Colonel 
F. C. Mortensen, Fort Leavenworth; A. C. Over, Lewis 
College of Science and Technology; J.C. Simms, North 
Georgia. College; E. A. Wildman, Earlham College; 
and John Xan, Howard College. 





HARDNESS IN WATER—A DEMONSTRATION 


The main things to teach beginners about the hard- 
ness of water are the causes, disadvantages, and rem- 
edies for the usual types of temporary and permanent 
hardness. Whereas calcium and magnesium sulfates 
and chlorides are soluble to a greater or less degree in 
water, the corresponding carbonates are practically 
insoluble, unless the water is first saturated with carbon 
dioxide. ‘Temporary hardness caused by carbonates 
can be removed by boiling. For the removal of per- 
manent hardness, due to sulfates and chlorides, an 
exchange reaction must be used with a soap, a car- 
bonate, or a zeolitic ion exchange medium. The 
effect of the hard water on soap must be shown and 
also the domestic and commercial effects of hard water, 
such as boiler scale and impurities in laundering. To 
complete the picture in the student’s mind it must be 
pointed out that complete purification of the water can 
be obtained by distillation and, in some cases, by 
anion, followed by cation exchange media. 

The great disadvantage from the teacher’s point 
of view is that the results can seldom be demonstrated 
without titration of the hard water with soap or evapo- 
ration to dryness, complications which are time con- 
suming and apt to be distracting. 

The use of cobalt instead of calcium as the hardening 
ion in demonstrations has considerable advantages 
since its presence or absence can be seen at once by its 
pink color. The use of cobalt also reminds the class 
that any ion which has an insoluble stearate hardens 
water, and that iron, chemically very similar to cobalt, 
is often found in natural hard waters. Cobalt is 
especially suitable for demonstration, since it not only 
has a distinct color, even when fairly dilute, but its 
carbonate is particularly soluble in carbon dioxide 
solution.}? 

The disadvantage in the use of cobalt lies in the fact 
that the “‘cobalt chalk” used and the scale precipitated 
are generally basic; although they effervesce with 
acids they do not correspond formally with calcium 
carbonate. 

In elementary classes it is best to deal with the chem- 
istry of the calcium compound only, pointing out that 
the demonstration with cobalt merely makes similar 
reactions visible. With more advanced classes the 
formation of insoluble and often basic carbonates can 
be discussed. 

1 Me.ior, J. W., ‘Comprehensive Treatise on Inorganic and 


Theoretical Chemistry,’’ Longman’s, Green & Co., 1947, p. 810. 
?Smurov, A. A., Mem. soc. russe minéral, 67, 465 (1938); 


Chemical Abstracts, 35, 3568 (9). 





E. J. H. BIRCH 
Bishop Wordsworth’s School, Salisbury, England 


The Preparation of ‘Cobalt Chalk.’ A suitable pre- 
cipitate was obtained by the action of a solution of so- 
dium bicarbonate on a solution of cobaltous chloride, fil- 
tering, and washing with water. The residue was dried 
in a desiccator for several days, since it begins to decom- 
pose at the temperature of the steam oven. A rough 
analysis showed the precipitate to be basic and probably 
a mixture. (The ratio of Co:COz found was 1:0.35, 
whereas CoCQs requires 1:0.74, CoCO;Co(OH). 1: 0.37, 
and the usual basic carbonate CoCO3,3Co(OH). 1:0.19). 
After drying, the precipitate had a suitable “chalky” 
appearance and a purplish pink color and gave a satisfac- 
tory effervescence when treated with acid. 

The Hardening of Water. In nature, wateris hardened 
by the passage of rain water containing dissolved carbon 
dioxide through layers of chalk or of slightly soluble 
gypsum. This may be simulated with cobalt by allowing 
water to percolate through a filter bed containing sand, 
the precipitated carbonate, and, for permanent hard- 
ness, @ little cobaltous chloride. 

A glass tube, 9 inches long and about */2 to 3/, inch 
O.D. is closed at its lower end with a bored cork, having 
a circle of filter paper placed over it. The tube is filled 
to half its height with clean sand in which a little of the 
“cobalt chalk” is mixed (about 1 to 2 g. per tube). 
The tube is then conveniently fitted into a filter flask, 
though an ordinary conical flask will suffice if the outer 
cork is slotted. 

Four of these tubes and flasks are prepared and in 
two of them a few crystals of cobaltous chloride are 
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sprinkled on the surface of the sand. Through two of 
the tubes—one with and one without the chloride—cold 
boiled distilled water is allowed to percolate, and 
through the other two a saturated solution of carbon 
dioxide percolates. The solutionis kept saturated by 
passing in acid-free carbon dioxide, conveniently made 
by heating sodium bicarbonate, or from a Kipp gen- 
erator after careful washing of the gas. The arrange- 
ment is shown in Figure 1. With a fresh sample of 
precipitated carbonate it is as well te make sure that 
there is no soluble cobalt in the filter bed by passing 
cold, boiled distilled water through it until it is color- 
less, before the class meets. 

The class notices that only in one case is the per- 
colate colorless, showing the insolubility of a carbonate 
in pure water. Samples of the percolates from all the 
tubes can then be issued to individuals or small groups 
for investigation of the effects of softening processes. 

A very much stronger solution of the carbonate in 
carbon dioxide solution can be made by covering the 
precipitate with water in a flask, saturating with carbon 


dioxide, corking tightly, and allowing to stand with © 


occasional shaking. This is useful as a stock solution, 
in case the demonstrated percolate is insufficient for 
class experiments. 

Softening by Boiling. The class should individually 
boil all the filtrates and notice: (1) the loss of carbon 
dioxide by the solutions saturated with it; (2) the pink 
precipitate (basic carbonate) from these same solutions; 
and (3) the fact that two percolates, onecolorless and one 
pink, remain unchanged. Subsequent filtration shows 
that two of the original percolates are now colorless and 
two pink, indicating the presence of a hardening ion. 

Softening by Adding Soda. The complete precipita- 
tion of the cobaltous chloride solution by a solution of 
sodium carbonate can also be carried out as a class ex- 
periment, and the softening of the water is shown by 
filtering the solution and noticing that all four original 
percolates have become colorless. 

This stage-by-stage removal of the unwanted ion, 
and the process of hardening, may be summarized for 
the students in a diagram such as that given in Figure 2. 

If an excess of soda has been added and the filtrate 
is really colorless, the class should taste a drop of it or 
evaporate a little on a metal spatula so that they can 
realize the presence of sodium salts in the softened 
water. 

Action of Soap on the Hard Water. The use of water 
hardened with the ‘cobalt chalk” has no advantages 
over the use of ordinary hard water when demonstrating 
the formation of an insoluble scum on the addition of a 
solution of soap. The experiment should nevertheless 
be carried out with some of the water so hardened, so 
that the students may see that the primary definition 
of hardness in water (the property which causes pre- 
cipitation of stearates, etc.) is not confined to the more 
usual salts of calcium and magnesium but belongs to 
almost any metal except the alkali metals. If there 
is plenty of time available it should also be useful for 
the class to titrate their samples of cobalt hard water 





~ 
CO. 
SOLUTION 


weno 
scankare 
LAYER 


o 


. 
E 


j 


oO 


PERCOLATES 


—" 


TEMPORAnY 
HARDNESS 


| BOIL | 
L 
a ‘sla ADD soon canoonare 


— 
; PERMANENT 
HARDNESS 


il COLORED 


SOLUTION @ PRECIPITATE 


Figure 2 


with a standard soap solution. Carrying out this test 
on the demonstration material and later upon naturally 
hard water will convince them that what they have seen 
in the demonstration material is. also taking place, 
though invisibly, in the natural water. 

Zeolitic Softening. It is in the teaching of the “‘ion- 
exchange” softening of water that the use of cobalt hard 
water has the most advantages, since in using colorless 
cations it is almost impossible to demonstrate what is 
really taking place, and any demonstration that is 
attempted must depend upon some form of “‘second- 
hand” analysis, whether with soap solution or by a pre- 
cipitation reaction. 

A suitable apparatus for the demonstration of ion- 
exchange softening of water is illustrated in Figure 3. 
Such an apparatus is simple to use, and in the succes- 
sive operations of softening, regeneration, and flushing, 
the bed is lifted from time to time. The operations 
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may be carried on by a member of the class, contin- 
uously during the lesson, or it can be used as a conver- 
sazione experiment. By the choice of a suitable size 
of apparatus the whole may be supported with one re- 
tort stand and a number of clamps. The central tube 
is closed at each end by two-hole rubber stoppers, and 
the bed of exchange material such as Permutit is 
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Figure 3 


supported by a layer of glass beads between pieces of 
filter paper. 

In normal operations, stopcocks 1 and 2 are open and 
the pink-colored hard solution from the funnel runs out 
colorless from the bottom, while the pink color is 


transferred to the previously colorless zeolite. This 
effect is apparent extremely rapidly, and while a longer 
time is desirable for a complete lesson on the water 
softener a satisfactory demonstration and lesson can be 
given in a forty-minute period. 

When the zeolite is all pink, or when it is desired to 
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demonstrate the regeneration of the material, stop- 
cocks 1 and 2 are closed and 3 and 4 are opened. [If 
the tubes are always kept full of liquid this will be a 
comparatively rapid process, but if not there will be a 
slow start until the tube to stopcock 4 can act as a si- 
phon. When the regenerating liquid is a fairly strong 
brine, the fading of the pink color in the zeolite and its 
appearance in the liquid from 4 is very noticeable to a 
class, and fixes the regeneration process in their minds. 
The flushing is carried out by percolating soft water 
through 1 and 2 until the liquid gives no reaction with 
silver nitrate solution. 

“Two-Color” Softening. An amusing experiment that 
can be carried out with the zeolite demonstration appa- 
ratus is to percolate a purple-colored solution of cobalt 
chloride and copper sulfate. The effect is essentially 
chromatographic and a blue layer in the zeolite is found 
to be followed by a pink layer, as the copper ion is 
adsorbed more strongly than the cobalt. This may be 
pointed out as an exception to the old maxim that one 
cannot separate a solution of a mixture mechanically, 
and can form an introduction, at a later stage, to the 
subject of chromatography. 

A one-stage percolation of a mixture of cobalt and 
nickel salts through Permutit does not give an easily 
recognizable separation, and although separation can 
be effected by use of other media,’ e. g., active alu- 
minum oxide, it is not wise to use nickel and cobalt as 
the two ions in this experiment. 

The ‘‘Follow-up.” It is obviously necessary not to 
leave the subject of water hardness to be demonstrated 
merely by “cobalt-chalk.” The properties of naturally 
hard water must be examined by the class and they 
must make the usual experiments of soap titration and 
softening. They will, however, bring a more intel- 
ligent understanding to bear if they have actually 
seen another unwanted ion going into and coming out 
of solution in an analogous manner. 





3 Finuineer, H. H., J. Cuem. Epuc., 24, 444 (1947). 


PRESIDENT James B. Conant together with Professors Duane Roller of Wabash College and 
Fletcher G. Watson of the Harvard Graduate School of Education will offer a special course in 
the Harvard Summer School of 1949 titled “Science in General Education at the College Level.” 

This course will provide an opportunity for teachers of physics, chemistry, and other physical 
sciences in liberal arts colleges, junior colleges, and teachers’ colleges to discuss one of their major 
common problems. Professor Earl J. McGrath of the University of Chicago (formerly Dean of 
the College of Arts and Sciences, State University of Iowa) will summarize the variety of courses 
in general education being developed at colleges throughout the United States. 

Major emphasis in this course,will be on the use of ‘‘case histories” to illustrate certain general 
principles of the tactics and strategy of science. This approach will be illustrated by material 
from President Conant’s course, Natural Sciences 4. Group discussions will provide the visiting 
teachers an opportunity to appraise the possibilities and limitations of the case history approach. 
The considerable facilities of the University’s libraries will be available to those who wish to 
explore into the history of science and develop materials for their own courses. 

Among the topics are: (1) the objectives for nonscience students and suitable methods of 
maintaining their interest; (2) the amount and sort of factual material that can profitably be 
presented; (3) what cases can be developed; (4) the relation of the development of science to 
cultural history during the past 300 years; (5) the role of laboratory and demonstration work; 
and (6) techniques of evaluating the outcomes of general education courses. 


Enrollment in the course will be limited. 


Further information about other courses in the Harvard Summer School may be obtained from 
the Summer School Office, Wadsworth House, Harvard University, Cambridge 38, Massachusetts. 
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FREE HYDROGEN IN HYDROGEN SULFIDE 
GENERATED FROM FERROUS SULFIDE’ 


Tue laboratory preparation of ammonium sulfide 
and polysulfide solutions generally involves saturation 
of ammonia water with hydrogen sulfide. The sodium 
hydrosulfide called for by some schemes of qualitative 
analysis may be prepared similarly from sodium sulfide 
or sodium hydroxide. For the sake of faster absorption 
and reduced escape of gas, saturation of the solution is 
commonly carried out in a flask or bottle attached to a 
source of hydrogen sulfide under slight pressure, the 
container being closed so that gas can enter only as fast 
as the solution absorbs it. 

Using a Kipp generator with ferrous sulfide as the 
source of hydrogen sulfide, it is often noticed that al- 
though the flow of gas into the alkaline solution is rapid 
at first it soon becomes very slow, even though the solu- 
tion is still far from saturation. If the flask is opened 
momentarily and again closed, a brisk flow of gas enters 
once more, but soon slackens again and practically 
stops. The flask must thus be opened repeatedly and 
saturation of the solution requires very much attention. 

Evidently a nonabsorbable gas accumulates above the 
solution and restricts the entry of hydrogen sulfide. 
Assuming that the air has been properly swept from the 
generator and wash bottles, this unabsorbed gas seems 
most likely to be hydrogen, since ferrous sulfide might 
easily contain a little free iron.* In fact it has been 
claimed‘ that hydrogen sulfide from ferrous sulfide 
may contain as high as 40 per cent of free hydrogen. 


DETERMINATION OF FREE HYDROGEN IN 
HYDROGEN SULFIDE 


The gas from the action of hydrochloric acid upon 
several lots of commercial ferrous sulfide was analyzed 
by measuring out a sample in a gas buret over mercury, 
passing it into a Hempel pipet containing caustic solu- 
tion, and returning the unabsorbed residue to the buret 
for measurement. The residual gas, augmented when 
necessary by introduction and absorption of additional 
samples, was occasionally transferred to a eudiometer 
tube, mixed with excess oxygen, and exploded to deter- 
mine its hydrogen content, or, tested by expelling it 
from the buret through a jet and igniting it. 


! Based upon a paper presented at the Meeting-in-Miniature 
of the Georgia Section, American Chemical Society, held in 
Atlanta, November 14, 1947. 

2 Present address is Department of Chemistry, Union College, 
Schenectady, New York. 

3 Kotruorr, I. M., anp E. B. SANDELL, ‘“‘Textbook of Quanti- 
tative Inorganic Analysis,’’ The Macmillan Co., New York, 1943, 
p.. 172: 

‘Scorr, W. W., “Standard Methods of Chemical Analysis,” 
5th ed., D. Van Nostrand Co., New York, 1939, Vol. 2, p. 2364. 
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Table 1 summarizes the analytical results. All of the 
determinations referred to on a single line are of dif- 
ferent samples of gas from the same sample of ferrous 
sulfide. The analyses by explosion with oxygen (noted 
in parentheses in the table), as well as the numerous 
qualitative tests, leave no doubt that the gas not ab- 
sorbed by caustic is predominantly hydrogen. This 
conclusion is confirmed by evidence presented below. 





TABLE 1 


Free Hydrogen Content of Hydrogen Sulfide from Ferrous 
Sulfide Samples 


—Gas Not Absorbed—~ 
by caustic, 
per cent by 
volume 
Range 





Lot Source and form of 
no. ferrous sulfide 


1 Baker and Adamson, 
granular, pea size 10 

2 Schaar & Co., granular, 
pea size 12 
Another portion 9 


Will Corp., sticks 10 
Another portion 13 
Another portion 10 

Estes Surgical Supply 

Co., sticks 16 
Same portion, crushed 29 
Same portion, when al- 

most completely dis- 

solved 


No. of 


analyses Average 





0.9- 4.1 


3.2- 4.9 
2.1- 2.9 


SQN 2 
md oo 


oe OMS 
— COD o> 


8.9 
(90% He) 


4.4-11.4 





For the sake of simplicity, therefore, we shall refer 
to the values in Table 1 simply as the free hydrogen con- 
tent of the evolved gas. The analyses show that the 
percentage of free hydrogen varies considerably, not 
only in the gas from different lots of ferrous sulfide but 
also in that produced from different portions of the same 
lot, and even in the gas evolved successively from the 
same pieces of ferrous sulfide. 

There is a frequent tendency for the amount of free 
hydrogen in the evolved gas to rise as acid continues to 
act upon a given sample of ferrous sulfide. This ten- 
dency is shown by the data for lot No. 4, where the three 
sets of determinations were made on gas evolved at dif- 
ferent times from the same portion of ferrous sulfide. 
The percentage of unabsorbable gas increased several- 
fold during the dissolution of this sample in acid. This 
marked though somewhat irregular rise in hydrogen 
content probably means that the free iron is acted upon 
more slowly by the acid than tk sulfide is, and hence 
tends to accumulate. 

These analyses show that hydrogen sulfide from fer- 
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rous sulfide may contain quite enough hydrogen to 
account for the phenomenon described &t the outset. 
Even if the hydrogen content of the gas is only 2 per 
cent, the amount of hydrogen sulfide needed to saturate 
100 ml. of concentrated ammonia water would be ac- 
companied by about 700 ml. of hydrogen, enough to 
fill several times over the space above the solution under 
the usual conditions. 


THE COMPOSITION OF COMMERCIAL FERROUS 
SULFIDE 


The mineral pyrrhotite, which approximates ferrous 
sulfide in composition, normally contains at least a 
slight excess of sulfur, or more accurately, a deficiency 
of iron in its crystal lattice.» The ferromagnetism of 
the mineral increases with increasing deficiency of iron. 

The two lots of pea-size granules closely resemble 
natural pyrrhotite in appearance and in ferromagne- 
tism. The stick samples, though lacking the brassy 
luster of the others, are similarly magnetic. 

It was hard to believe that a ferrous sulfide sample 
could have a deficiency of iron in its lattice and never- 
theless be accompanied by free iron. The pea-sized 
granules of lot No. 1 were therefore studied in more de- 
tail to determine whether their resemblance to pyrrho- 
tite was more than superficial. 

A sample of lot No. 1 was crushed in a diamond mor- 
tar to pass a 20-mesh sieve. Using a strong permanent 
magnet acting through glassine paper, this material was 
separated into a magnetic and a nonmagnetic fraction. 
The magnetic portion, comprising 75.9 per cent, con- 
tained nearly all of the coarser particles and much of 
the finer material. Most of the portion not picked up 
by the magnet was very fine. 

The magnetic and nonmagnetic fractions were studied 
separately. Samples of each were treated with dilute 
hydrochloric acid, and the evolved hydrogen sulfide was 
received in ammoniacal cadmium chloride. The cad- 
mium sulfide was filtered off and oxidized with bromine, 
the sulfur then being determined gravimetrically as 
barium sulfate. Attempts to oxidize the cadmium 
sulfide with potassium chlorate in the presence of hy- 
drochloric acid, as recommended by Snell and Biffen,’ 
resulted in loss of hydrogen sulfide. 

The residue from the acid treatment was filtered off 
on a fritted glass filter crucible, dried, and weighed. 
Iron was determined gravimetrically in the filtrate after 
oxidation with bromine. 

Free iron was determined by treating a weighed sam- 
ple with hydrochloric acid in a closed system filled with 
carbon dioxide. The acid was added through a drop- 
ping funnel to the sample in a Claisen flask. Hydrogen 
sulfide was removed by passing the evolved gas through 





5 Hace, G., anp I. Sucxsporrr, Z. phys. Chem., 22B, 444-52 
(1933). 

6 PaLacueE, C., H. BERMAN, AND C. FRONDEL, “‘Dana’s System 
of Mineralogy,” 7th ed., ohn Wiley and Sons, New York, 1944, 
Vol. I, pp. 283, 235 (note 7). 

7 SNELL, F. D., anv F. M. Brrren, ‘Commercial Methods of 
Analysis,’”’ McGraw-Hill Book Co., New York, 1944, pp. 164-5. 
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lead acctate solution, and carbon dioxide was taken out 
in a Hempel pipet containing potassium hydroxide 
solution. The residual gas was collected and measured 
in a gas buret. After decomposition of the sample, the 
hydrogen remaining in the system was carried over into 
the buret by cautiously boiling the liquid in the flask 
and adding sodium bicarbonate solution in small por- 
tions through the dropping funnel until the unabsorb- 
able residue in the buret ceased to increase. After 
measurement of the unabsorbed gas, samples of it were 
transferred to an explosion eudiometer for determina- 
tion of its hydrogen content. From the total hydrogen 
evolved, the free iron content of the sample was calcu- 
lated. 


” 





TABLE 2 


Composition of Comment ~~ apne Ferrous Sulfide, 
t No. 





Nonmagnetic 
fraction, 
per cent 


6.35 


60.01 
30.20 


96.56 
<Oc 1" 


* These two values are the results of single determinations; all 
the others are averages of duplicate determinations. 


Magnetic 
fraction, 
per cent 


Residue insoluble in dil. HCl 0.25 
Iron dissolved by dil. HCl 66.38 
Sulfur evolved as H.S 30.98* 





97.61 
6.3 


Sum 
Free iron 





The analytical results summarized in Table 2 show 
that the magnetism of the material is due to free iron, 
and is not, as in pyrrhotite, an intrinsic property of the 
ferrous sulfide. If the ferrous sulfide itself were appre- 
ciably magnetic, little or no hydrogen sulfide would be 
evolved from the nonmagnetic fraction, which would 
then contain only slag, ferrous oxide, and other inci- 
dental impurities. Since there are many particles con- 
taining so little free iron that they pass into the non- 
magnetic fraction, the mixture of free iron and ferrous 
sulfide cannot be homogeneous, but since few of the 
coarser particles are nonmagnetic, the two components 
must be rather intimately mixed. 

The atomic ratio of iron to sulfur is 1.23 for the mag- 
netic fraction and 1.14 for the nonmagnetic fraction. 
If in the magnetic fraction the free iron is deducted 
from the total iron, the atomic ratio of combined iron to 
sulfur drops to 1.11, in fair agreement with the ratio for 
the nonmagnetic material. For FeS this ratio would of 
course be 1.00, and for natural pyrrhotite, if uncon- 
taminated by other iron or sulfur minerals, it would be 
between about 0.8 and 1.00.® 

We may assume the presence of ferrous oxide in both 
fractions to account for the high ratio of iron to sulfur 
even in the absence of free iron. The presence of oxide 
would account also, at least in part, for the low values 
of the summation. If from the total iron dissolved, we 
subtract the free iron and an additional quantity of iron 
equivalent to the sulfur (assuming FeS), the remainder 
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may be considered to represent iron combined with 
oxygen, from which, on the assumption of FeO, the 
percentage of oxygen may be computed. 

Carrying through such calculations, we obtain for the 
magnetic fraction 1.75 per cent oxygen, giving a summa- 
tion of 99.36 per cent. For the nonmagnetic fraction 
the oxygen is 2.12 per cent, and the summation is 98.68 
per cent. In view of the numerous assumptions in- 
volved, these totals are about as close to 100 per cent as 
could be expected. 

It is of interest to inquire whether a free iron content 
of 6.3 per cent, as recorded in Table 2, is consistent with 
the data of Table 1 for the hydrogen content of the gas 
evolved from another sample of lot No. 1. The mag- 
netic fraction was 75.9 per cent of the original material; 
the latter must therefore have contained 4.8 per cent 
free iron. Weighting the percentages of sulfur in the 
two fractions in accordance with the sizes of the frac- 
tions gives 30.8 per cent as the amount of sulfur which 
could have been obtained from the original material in 
the form of hydrogen sulfide. From 100 g. of this sam- 
ple one should therefore obtain 0.086 mol of hydrogen 
and 0.960 mol of hydrogen sulfide. The evolved gas 
should hence contain 8.2 per cent free hydrogen by 
volume. This is just twice the maximum hydrogen 
content (Table 1) found in the gas from this lot of fer- 
‘ rous sulfide. The discrepancy is probably due to the 
sample having been completely dissolved in the free 
iron determinations of Table 2, whereas the percentages 
in Table 1 were obtained by analysis of the gas obtained 
from very incomplete dissolution of a much larger sam- 
ple. As already noted, the percentage of hydrogen in 
the evolved gas tends to rise as the sample dissolves, 
due presumably to the free iron reacting more slowly 
than the sulfide. 

These analyses justify the conclusion that this lot of 
commercial ferrous sulfide differs from pyrrhotite in 
containing a considerable excess of iron, much of it in 
the free state, and that its magnetism is due to free iron 
and not, as in pyrrhotite, to an iron-deficient ferrous sul- 
fide lattice. An inquiry addressed to the supplier of 
this lot brought the reply that ‘‘out ferrous sulfide is a 
manufactured product . . . produced by the reduction of 
pyrrhotite ores.”’ 


A DEVICE TO FACILITATE THE SATURATION OF 
SOLUTIONS WITH HYDROGEN SULFIDE 


As already pointed out, the accumulation of hydrogen 
in the absorption vessel is often troublesome when 
alkali sulfide solutions are being prepared. To over- 
come this difficulty, it is only necessary to bleed off the 
hydrogen at such a rate that no great amount of hydro- 
gen sulfide is lost along with it. This is easily done by 
attaching a porous earthenware cup to the absorption 
flask, as shown in Figure 1. Hydrogen passes through 
the walls of the cup rapidly enough to permit continuous 
entry of hydrogen sulfide, but slowly enough so that the 
gas above the solution is maintained under pressure. 

In a typical quantitative experiment, the flask con- 
tained 36 g. of 3 N sodium hydroxide solution and was 








Figure 1. Flask with Porous Cup for Bleeding Off Free Hydrogen 
During Saturation of a Solution with Hydrogen Sulfide 


attached to a generator giving gas containing about 2.4 
per cent free hydrogen. With the porous cup removed 
and the outlet plugged, the gain in weight after 1.5 hours 
was only 5.7 per cent of the theoretical. The cup was 
then attached, and within 10 minutes the gain in weight 
was above 90 per cent of the theoretical. After another 
10 minutes the weight had increased to within 2 per 
cent of the theoretical maximum. 

Until the solution is nearly saturated, very little 
hydrogen sulfide escapes through the cup, and even 
then it passes through relatively slowly. An experi- 
ment in which hydrogen sulfide in a gas buret was 
forced through the cup under a pressure comparable to 
that in the absorption flask leads to an estimate of 
about 10 ml. per minute for the rate of escape of hydro- 
gen sulfide through the particular cup used. 

The appearance of appreciable amounts of hydrogen 
sulfide outside the cup can in fact be used to signal the 
practical completion of the process. One may, for 
example, hang a piece of lead acetate paper near the cup 
and then see at a glance when it is time to shut off the 
gas. \ 

This device was originally set up on the theory that 
the relative rates of passage of hydrogen and hydrogen 
sulfide through the cup would be those predicted from 
Graham’s Law, that is, that for equal partial pressures, 
hydrogen would pass through about four times as fast 
as hydrogen sulfide. Experiment, followed by reflec- 
tion, soon showed, however, that this expectation was 
naive. Under similar conditions, hydrogen passed 
through only about twice as fast as hydrogen sulfide. 

The pores of the cup, it appears, are too wide for true 
diffusive flow, which occurs only in tubes less in di- 
ameter than one-tenth the mean free path.’ Since at 
atmospheric pressure the mean free path is about 0.1 u 
such flow is to be expected only in channels narrower 


8 Smytu, H. D., “Atomic Energy for Military Purposes,” 
Princeton University Press, Princeton, N. J., 1946, p. 177. 








202 


than 0.01 ». Graham used gypsum as the porous 
medium in establishing his law. 

In the Bunsen effusion method of determining the 
molecular weights of gases, the pinhole commonly has a 
diameter of many microns, yet the effusion rates of dif- 
ferent gases are very nearly in inverse proportion to the 
square roots of their densities or molecular weights. 
Flow of a gas through a relatively large orifice in a thin 
plate, although following the same inverse square-root 
relation that is found for true diffusion, is to be regarded 
not as diffusion of independent molecules but as mass 
flow occurring under conditions such that the effect of 
viscosity is small. The theoretical basis of the relation 
is somewhat different in the two cases,® but both cases 
are commonly said to illustrate Graham’s Law. 

Since the channels through the porous cup are at the 
same time too wide for true diffusion and much too 
long for viscosity effects to be negligible, Graham’s 


® Taytor, H. S., “Treatise on Physical Chemistry,” 2nd Ed., 
D. Van Nostrand Co., New York, 1931, p. 168. 
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Law should not be expected to hold for the passage of 
gas through them. In long straight tubes of diameter 
appreciably greater than 0.01 » viscous flow occurs in 
accordance with Poiseuille’s equation, and the flow rate 
is inversely as the viscosity. 

Roughly, quantitative measurements of the times 
required to force equal volumes of air, hydrogen, and 
hydrogen sulfide through the cup under comparable 
conditions showed that whereas the rates of flow of 
hydrogen and air correspond closely to their viscosities, 
hydrogen sulfide flows more slowly than would be pre- 
dicted from its viscosity. The flow is perhaps compli- 
cated by other factors such as turbulence. 

In any event, the actual operation of this device 
probably depends only to a minor extent upon the dif- 
ferential rate of flow of hydrogen and hydrogen sulfide 
through the cup, since until the solution is saturated, 
practically no hydrogen sulfide is present in the space 
above it. The device works better than the theory 
according to which it was originally designed. 





STUDENT FASHION—YESTERDAY AS TODAY 


In 1819, Berze.ius made the first of his seven visits to 
Germany. In his “Travel Notes,” of which only frag- 
ments have been published, he wrote: 

“The things which attracted my attention most during 
our stay in Tiibingen were the students, their appear- 
ance, and their dress. All of them wore a kind of uni- 
form, which, however, is only an adopted fashion. 
This uniform consists of a black, rather short so-called 
bonjour, which is bound around with broad black cords 
a couple of finger lengths from the bottom. Long wide 
trousers, of no definite color, but generally blue or 
gray, and with broad red tape down the seams; the 
boots usually spurred. The hair long, hanging around 
the shoulders in a tangled bristling mop, combed up- 
ward in the front and laid back over the forehead, 
bushy and woolly around the ears, which are covered 
with it. Accoutred thus, they ordinarily go without a 
hat, but never without a pipe. To a stranger, on his 
arrival at Tiibingen, it is quite astonishing to meet on 
the street and around the town, troupes of young men, of 
whom not a twentieth have any head-covering, or even 
carrying a hat or cap. Those who are not bare-headed, 
wear a small cap, they call it a barret, and which, with 
no peak, is quite flat, and perches on top of the skull 
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like a tied-up black handkerchief. Most of the students 
have a mustache, and some even full beards over the 
whole chin; they then look just like bashibazouks. 
“The reason for this intended barbaric and negligent 
appearance lies in the philosophical spirit, which among 
us is called phosphorism and in Germany is known as 
natural philosophy. Its basis ‘s ignorance of all prac- 
ticalities, love of poetry, and fine arts, and a confiding, 
imprudent devotion to the notions of those persons, who 
through abstruseness have acquired a reputation for 
depth, especially if their foolishness goes so far that the 
authorities, in the’name of common sense, placed the 
fool in a position where he no longer can do harm. In 
this frame of mind, they believe themselves trans- 
ported back into the early culture of antiquity, where 
poesy and so-called fine art took precedence over scien- 
tific education, when poets described powerful heroes 
and sang of gigantic generations who could endure more 
than the people of today. The new philosophy calls up 
the spirit of these ancient times, and the youth believes 
that the unattractive form of the clothing of the fore- 
fathers and neglect of personal appearance or, more 
correctly, a positively planned sloppy look indicates 
strength and fitness for meeting difficult situations.” 
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ON THE INTRODUCTION OF POTASSIUM 
DICHROMATE AS A VOLUMETRIC REAGENT 


Wirn the relatively new tools of formulas, equiva- 
lent weights, and equations at their command, the 
chemists of the early nineteenth century were spurred 
on to investigate the chemical and physical properties 
of all known chemical substances. Among those sub- 
stances was potassium dichromate. This chemical was 
widely used by various industries of the time, especially 
the textile, dyeing, and whale oil industries." ? 

While this investigative work on the properties and 
reactions of substances was going on, many workers 
were putting these discoveries to practical use for im- 
proving analytical methods. In 1846, Frédéric Mar- 
gueritte® published a paper describing the use of 
potassium permanganate for determining iron in the 
wet way, that is, volumetrically. By 1849, this method 
had become widely accepted as evidenced by the 
number of articles appearing on the method in the 
scientific journals of the period. H. Schwartz* ® ® 
used the method in 1849 to determine chromium. For 
the determination of chromium in an ore he oxidized 
the chromium by fusing a sample with potassium 
hydroxide and potassium chlorate until the excess of 
chlorate was decomposed. The fusion mixture was 
dissolved in water, and, after cooling, the solution was 
acidified with hydrochloric or sulfuric acid. A known 
amount of ferrous sulfate solution was added, and the 
excess was determined by Margueritte’s method, that 
is, by titration with a standard potassium permanga- 
nate solution. 

In 1850, Dr. Frederick Penny read a paper on the now 
classical method for determining iron by titration with 
potassium dichromate at the meeting of the British 
Association for the Advancement of Science in Edin- 
burgh.” § There is no evidence to show that Penny,° 
who was a lecturer at the Andersonian Institution of 
Glasgow, knew of Schwartz’s work, but as is noted in a 
review in Liebig and Kopp’s Jahresberichte,! his 





' ABEL, F. A., anp C. L. Bioxam, “Handbook of Chemistry,”’ 
Blanchard and Lea, 1854, p. 332. 

? Penny, F., J. Chem. Soc., 5, 299 (1853). 

’ MaraueEritTts, F., Ann. chim. et phys., 18, 244-55 (1846). 

‘ Scuwartz, H., J. prakt. Chem., 47, 15-28 (1849). 

’Scuwartz, H., Ann., 69, 209-14 (1849). 

*Scuwartz, H., Chem. Gaz., 7, 143-5 (1849). 

’ Penny, F., Chem. Gaz., 8, 330-7 (1850). 

§ Penny, F., Brit. Assoc. Advancement Sci. Rep., 18 (pt. 2), 
58-9 (1850). 

* Obituary, J. Chem. Soc., 23, 301-6 (1870). " 

0 Jahresber. Fortschritte rein. pharm. tech. Chem. Physik 
Mineral. Geol., 3, 599 (1850). 
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method is the reverse of Schwartz’s method. It is 
certain that in Glasgow, where he was in great demand 
as a consultant by the local industries, he had ample 
opportunity to become acquainted with the proper- 
ties of potassium dichromate. 

It may be of interest to know why Penny developed 
the method, and this may best be shown by quoting 
him directly :’ 

In the course of certain investigations which I had occasion 
recently to undertake upon the materials and products of the 
manufacture of alum from “‘alum-shale,’’ I was very much re- 
tarded by the want of a ready process for the quantitative deter- 
mination of the protoxide and peroxide of iron. There are vari- 
ous well-known analytical methods in use among chemists for the 
estimation of iron. Several of these methods give very accurate 
results, and when the compound of iron to be analyzed is un- 
mixed with foreign matters, the necessary operations are easily 
performed; but when, as is usually the case, the compound of 
iron occurs mixed with other substances and, especially alumina 
and phosphates, the exact determination of its amount by one of 
the ordinary processes is both tedious and difficult, requiring con- 
siderable time and a certain degree of practical skill on the part 
of the operator. When the two oxides are associated together, 
the problem becomes still more complex; and in those cases 
where comparatively large quantities of material have to be ex- 
amined, the common methods of analysis are scarcely available. 
At any rate, I found them to be altogether unsuitable for the ex- 
periments alluded to; and I was therefore compelled to search 
for a more convenient and more expeditious method of procedure. 


He goes on to say that after unsuccessful experi- 
ments and a trial of Margueritte’s potassium permanga- 
nate method, he tried ‘‘the neutral chromate of potash 
and was speedily convinced that it might be most 
advantageously employed for the estimation of the 
oxides of iron.’”’ Later he extended these investi- 
gations to the “bichromate of potash’’ and applied the 
methods to the analysis of iron in iron ores. He gives 
all these findings in his first paper on the subject, and he 
mentions that potassium dichromate had been inci- 
dentally recommended for estimation of the quantity 
of iron sulfate exployed in a process for testing the 
value of commercial manganese peroxide by an earlier 
worker. 

Some of the equations he gives for the reactions® in- 
volved are of some historical interest for indicating the 
current views of his day on the equivalent weights and 
valence. For chromic acid plus ferrous iron he gives 
the following equation: 


2CrO* + 6FeO = Cr?0* + 3Fe*0* 


He then goes on to indicate the complete reaction with 
the equation: 
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KO, 2CrO? + 6FeCl + 7HCl = 3(Fe?Cl’) + Cr?Cl? + 
KCl + 7HO 

In his discussion Penny shows that for “rigorous and 
minute” results the chromate is preferable because it 
requires more for a given effect, but he states that the 
dichromate is more convenient because it is more 
easily purchased, and is easily purified by crystalliza- 
tion. He recommends his method because of the fol- 
lowing advantages: (1) Larger samples of ore may be 
analyzed, (2) the process requires only apparatus used 
by chemists for centigrade testing,* (3) it is easy and 
rapid, (4) the operator need be only moderately 
skilled in chemical manipulations. 

Penny carefully checked the quantity of potassium 
dichromate which was-equivalent to 100 parts of iron 
and concluded that the equivalent value for the di- 
chromate was 88.75 or 112.67 parts by weight of potas- 
sium chromate. To obtain these results he used 
“harpsichord” wire as a standard. 

Penny gives a detailed account of the procedure used, 
which was essentially first to prepare a standard di- 
chromate solution of the salt in enough tepid distilled 
water to fill an alkalimeter having 100 divisions. A 
sample of ore weighing 100 grains was then dissolved 
in concentrated hydrochloric acid, and after the solu- 
tion was diluted it was titrated with the standard 
dichromate solution, using potassium ferricyanide as 
the external indicator. 





* This term was in common use for a short period around 
1850 by British chemists to denote a special system of volumetric 
analysis which gave direct results in parts per hundred without 
calculation even though the units of measure and weight were all 
in the cumbersome English system. For this purpose the basic 
unit of volume was the decigallon, the tenth part of the Imperial 
gallon, equal to the volume occupied by one English pound of 
7000 grains of distilled water at 62°F. This decigallon was di- 
vided into 1000 small units, each equal to the volume occupied 
by 7 grains of distilled water at this same temperature. The 
small units were called septems. A standard solution having a 
volume of one decigallon contained an equivalent weight‘of a 
substance in grains, this equivalent weight being based on 100 
grains as the equivalent weight of oxygen. Such a standard 
solution was said to have a strength of 100 degrees. The buret 
that was employed in titrations contained 100 divisions, each 
equal to a septem, and such a buret was called a centigrade test 
tube, and sometimes, when used for testing acids or bases, a 
centigrade alkalimeter. The pipet also contained 100 septems 
and was called a 100-degree pipet. Now, for example, if one 
equivalent weight in grains, based on the 100-grain oxygen stand- 
ard, of some pure alkaline substance was weighed out and made 
up to volume in a decigallon flask, and then a 100-septem portion 
of the solution was taken out with the pipet and titrated with a 
standard acid solution of 100-degree strength, 100’septems, repre- 
sented by 100 divisions on the buret, would be required for its 
neutralization, thus showing a purity of 100 per cent. If the 
alkaline substance contained inert impurities, then the buret 
reading would give the purity directly in parts per hundred, in 
other words in per cent. This system was extended to all types of 
volumetric analysis and was especially used for technical analyses. 
It was sometimes modified and made more empirical in that a 
standard solution was used, each septem of which was equivalent 
to one grain of some substance to be determined, and a sample 
weighing 100 grains was dissolved and titrated. This system 
of centigrade testing appears to have been the invention of John 
Joseph Griffin of Scotland (¢f. his ‘Chemical Recreations,”’ 
9th ed., Glasgow, 1847, pp. 264-266, 458-460). 
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The above procedure was used to determine the 
ferrous iron alone. To determine the total iron the 
method was the same except for the reduction of all 
the iron to the ferrous state with sodium sulfite, after 
which the excess of sulfur dioxide was removed by 
boiling the acid solution for a few minutes, and then the 
titration was performed. 

In 1851, Jacob Schabus, an Austrian, published 
essentially the same method for determining iron and 
extended it to the evaluation of manganese dioxide and 
bleaching powder.'' However, Penny appears clearly 
to have been the first to suggest the use of a standard 
potassium dichromate solution for volumetric analysis, 

Penny did not stop with the application of potassium 
dichromate to the determination of iron, but published 
several additional papers on its use as a volumetric 
reagent for other determinations. In 1852, he pub- 
lished a paper, “On the Valuation and Composition of 
Protochloride of Tin.”!? It is of interest to note that 
tin chloride was in demand in great quantities by the 
printers and dyers of Glasgow.® In 1854, Francis 
Lieshing’* objected to the use of potassium dichromate 
for determining tin when ferrous iron was present be- 
cause he claimed that the two would add up and be 
determined as tin. However Penny" was quick to 
answer that in his method, he advocated the use of 
“protosulphate of iron” and “sulphacyanide of potas- 
sium” rather than the “acetate of lead” as the most 
satisfactory end point indicator and showed that if the 
former were used the iron would not be determined 
with the tin. 

In 1852 Penny published a method “On the Esti- 
mation of Iodine.’’*!® This consisted of a titration of 
a known amount of potassium dichromate with the 
iodide solution. Penny’s equation was: 


3KI + KO, 2CrO% + 7HCl = I* + 4KCl + Cr?Cl* + 7HO 


The modern equation is: 
6KI + K2Cr.0; + 14HCl — 31, + 8KCl + 2CrCl; + 7H,0 


He used ferrous iron in an acidified “sulphacyanide of 
potassium” solution as an external indicator to deter- 
mine the end point. To apply the method to the deter- 
mination of free iodine he first reduced it with zinc 
in water to the iodide. The excess of zinc was filtered 
off, and the iodide was determined and reported as 
iodine. 

In the following year, Penny published a method 
using potassium dichromate to evaluate commercial 
indigo.” 8 It is based on the oxidation of indigo 
blue in acid solution to a colorless product. He care- 





11 ScuaBus, J., Ann., 80, 360-1 (1851). 

12 Penny, F., J. Chem. Soc., 4, 239-51 (1852). 

13 Liesuine, F., J..Chem. Soc., 6, 35 (1854). 

14 Penny, F., J. Chem. Soc., 7, 50-1 (1855). 

15 Penny, F., Brit. Assoc. Advancement Sci. Rep., 20 (pt. 2), 
37-9 (1852). 

16 Penny, F., Chem. Gaz., 10, 392-6 (1852). 

17 Penny, F., J. Chem. Soc., 5, 297-302 (1853). 

18 Penny, F., Dinglers Polytech. J., 128, 208-13 (1853). 
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fully evaluated the known methods and showed the 
superiority of his own method. The procedure as he 
gives it is interesting in its simplicity and conciseness. 
The essential features are here given. 

Ten grains of the very finely powdered indigo are 
triturated with two “drachms” of fuming sulfuric 
acid. The mixture is allowed to digest at 70 to 80°F. 
in the absence of air for 12 to 14 hours, with occasional 
stirring. For this digestion he recommended a stop- 
pered flat-bottomed flask containing bits of broken 
glass to facilitate breaking up the sample and assuring 
intimate contact with the acid. He cautions that a 
temperature above 80°F. leads to the formation of 
sulfurous acid, and this would cause the “trial” to 
become “completely vitiated.”’ After complete solu- 
tion of the indigo blue the contents of the flask are 
poured into a pint of water and three-fourths of a 
fluid ounce of hydrochloric acid is immediately added. 
An alkalimeter of “‘100 equal measures” is made up in 
the usual way with seven and one-half grains of pure 
potassium dichromate. This solution is added slowly 
until a drop of the mixture on being let fall on a white 
slab or slip of bibulous paper presents a distinct light 
_ brown or ochre shade unmixed with any blue or green. 
The number of measures of dichromate solution used 
shows the comparative value of the indigo subjected to 
the trial. 

In 1853 Bunsen” applied iodometric methods in con- 
junction with potassium dichromate to the determina- 
tion of iron and arsenious acid, and he seems to have 
been the first to use starch to indicate iodometric end 


19 BuNSEN, R., ANN., 86, 271 (1853). 
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points. Streng® published in 1854 a very good 
summary of the relative merits of the potassium dichro- 
mate and the potassium permanganate methods, and 
he made use of starch and potassium iodide as an indi- 
cator for titrating stannous and cuprous salts. He also 
used the method for determining chromic acid by add- 
ing stannous tin solution of known strength to the acid 
and then titrating the excess with standard dichromate. 
In 1855 he gave an added method for iron.” 

After this early period many papers appeared on the 
use of potassium dichromate in volumetric analysis but 
the authors of these papers all owe a debt to the careful 
work of Frederick Penny. One can hardly leave this 
subject without a brief comment about him and his 
work.®?2, His papers must be read to appreciate the 
quality of his work and his meticulous attention to de- 
tail. This, after all, would be expected from a man who 
studied under Hennel, Brande, Faraday, and Liebig, 
and whose doctoral dissertation included some of the 
most careful work of the time on the determination 
of the equivalents of oxygen, chlorine, nitrogen, po- 
tassium, sodium, and silver. His investigative work 
was an outgrowth of the fact that his teaching offered 
him little remuneration, and he had to seek additional 
income as a forensic and general consulting chemist 
in and about Glasgow. Penny died on December 22, 
1869, at the age of 53 years. 





20 Srrene, D., Chem. Gaz., 12, 250-6 (1854). 

21 [bid., 13, 191-5 (1855). 

22 Poccenporrr, J. C., ‘“‘Biographisch-Literarisches Handwér- 
terbuch zur Geschichte der Exacten Wissenschaften,” Johann 
Ambrosius Barth, Leipzig, 1898, Vol. 3, p. 1017. 


e@ RUSSIAN LITERATURE IN ORGANIC CHEMISTRY 


9 
Tue American chemist who is now coming in closer 
contact with the Russian chemical literature wants to 
know how best to handle it in order to. find there the 
information of value to him.” This statement by J. G. 
Tolpin! was emphasized and exemplified to the present 
author while he was a student in one of Mr. Tolpin’s 
scientific Russian classes at Northwestern University. 
As a practicing organic chemist, the author was inter- 
ested in screening the Russian literature for the most 
fertile journals in his own field. The first step was ob- 
viously to turn to the most complete index of scientific 
literature in the world, Chemical Abstracts, and to make 
a survey of the journals quoted in section 10, Organic 
Chemistry, in that journal. The period between 


1 Toupin, J. G., J. Coem. Epuc., 23, 485 (1946). 
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January 1, 1940 and the ninth issue of 1948 was chosen 
for this survey. So far as this author knows, no 
previous survey of this type has been accomplished. 
Dr. E. J. Crane®* had reported classification of Rus- 
sian literature as a percentage of the total serials 
covered by Chemical Abstracts. 

The results of the present study indicate that the 
Journal of General Chemistry (USSR) is the most pro- 
ductive of. items of interest to the organic chemist. 
Several interesting observations were made during the 
course of the survey. Probably the most important 
of these was the conclusion that the title of a Russian 
journal is oftentimes not indicative of its contents. 





2 Crane, E. J., Chem. & Eng. News, 21, 1204 (1943). 
3 Crane, E. J., Ind. Eng. Chem., News Ed., 15, 246 (1937). 
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An outstanding example is Zavodskaya Laboritoriya 
(Plant Laboratory). From the title, one would assume 
that here was a journal concerned with the problems 


’ of interest to the quality control laboratory of a plant 


without limitation as to branch of chemistry. . But in 
the 8+ years of the survey, only one reference ab- 
stracted from Zavodskaya Laboritoriya was found. 
This journal is devoted principally to the field of in- 
organic chemistry and especially to metallurgy, water 
analysis, soil analysis, and the analysis of petroleum 
and its products by chemical, physical, and mechanical 
methods. It is an organ of the Ministry of the Metal- 
lurgical Industry USSR. 

The maintenance of a minimum of lag between the 
appearance of an issue of a Russian journal in the 
United States and the appearance of abstracts of its 
contents in Chemical Abstracts has been practiced by 
the editors, however, this period often amounts to six 
months. While gathering the data reported herein, 
it was observed that after an appreciable period of a 
few Russian papers, Chemical Abstracts would report 











TABLE 1 
Year % Russian Abstracts 
1940 11.3 
1941 15.7 
1942 T4 
1943 8.4 
1944 6.4 
1945 13.1 
1946 8.5 
1947 8.5 
1948 (thru No. 9) 15.4 





many titles from Russian journals at once. This ob- 
servation may account, in part at least, for the irregu- 
larities in the percentage figures in Table 1 above. 
If the Journal of General Chemistry (USSR) was on the 
regular subscription list of an organic laboratory 
library, the statistics collected during this study indi- 
cate that it would be possible to have knowledge of the 
work performed in Russia as much as six months be- 
fore Chemical Abstracts reported it. This could mean 
the difference between a lengthy investigation and a 
spot check of the work done by the Russian chemist. 
With the exception of 1942 and 1943 (when Chemical 
Abstracts apparently used their Russian counterpart, 
Khimicheskit Referationyt Zhurnal to a substantial 
degree for the progress of Russian organic chemistry) 
from a half to three quarters of the items from Russia 
on organic chemistry, abstracted in @hémical Ab- 
stracts, were from the Journal of General Chemistry 
(USSR). 

A tabulated summary of the findings of this survey 
are presented below. Table 1 compares the Russian 
abstracts to the total number of titles in the organic 
chemistry section of Chemical Abstracts. The total 
figure includes only serial titles. Table 2 shows the 
distribution of the Russian articles on organic chem- 
istry by journal as a percentage of the total Russian 
titles. 
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With reference to Table 2, the Russian titles trans. 
literated to English may be of help in orienting the 
translated titles. Journal of General Chemistry— 
Zhurnal Obshchet Khimii, Journal of Applied Chem- 
istry—Zhurnal Prikladnot Khimii, Reports of the 
Academy of Sciences—Doklady Akademii Nauk, Chemi- 
cal Reference Journal—Khimicheskii Referativnyt Zhur- 
nal, Progress of Chemistry—Uspekhi Khimii. 

In general, it may be said that the division of Table 2 
titled “Others” includes journals which had irregular 
frequency of receipt in the United States. As an ex- 
ample of this observation: in the June 20, 1946, issue 
of Chemical Abstracts, there appeared over 20 abstracts 
of articles from the Bulletin of the Armenian Branch of 
the Academy of Sciences USSR. This journal is not 
mentioned in any other issue in this survey. 

No doubt certain American chemists follow the work 
of Russian scientists through journals not specifically 
mentioned above. Either these journals did not 
appear often enough to warrant removing them from 





TABLE 2 


Doklady 
J.Gen. J. App. Akad. Khim. 
Chem. Chem. Nauk. Referat. Uspekhi 
Year USSR USSR USSR* Zhur. Khimii Others 








1940 59.7 7.3 8.3 8.9 0.6 15.2 
1941 56.6 8.3 Yas 0.3 0.9 26.2 
1942 18.0 15.6 0.0 44.3 4.1 18.0 
1943 29.9 4.7 15.2 25.1 0.0 25.1 
1944 43.0 6.1 1.0 12.3 0.9 35.1 
1945 74.0 10.7 4.1 0.0 2.4 5.9 
1946 44.6 ae 7.3 0.0 0.5 35.9 
1947 69.4 8.9 9.4 1.3 2.1 8.9 
1948f 71.2 8.0 5.3 0.0 Lat 14.4 


* Includes the non-Russian language edition (Compt. Rend. 
Acad. Sci. (U. R. S. 8.) 
¢ Through issue No. 9. 





the “Others” category in Table 2, or the journals are 
devoted to the applied aspects of organic chemistry and 
consequently would appear in other classifications in 
Chemical Abstracts. Such journals are Promyshlen- 
nost’ Organicheskot Khimii (Organic Chemical Industry), 
which has been absorbed by Khimicheskaya Promy- 
shlennost’ (Chemical Industry), or any of the several 
Russian petroleum journals. 

On the basis of the data reported above, it is the 
opinion of the author that an organic chemistry labora- 
tory which subscribed to the Journal of General Chem- 
istry (USSR) would have better than an even chance 
of covering the important Russian developments in the 
field. 

With the exception of Khimicheskit Referativnyt 
Zhurnal, the periodicals specifically mentioned in 
Table 2 are usually available for subscription in the 
United States. Chemical Abstracts will probably con- 
tinue to be in position to furnish information relevant 
to the other journals and the material which appears 
interesting may be secured through the Photocopying 
service of the American Chemical Society. 
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+ LIQUID VAPOR EQUILIBRIA IN THE SYSTEM: 
NITROMETHANE-TRICHLOROETHENE 


Tus paper presents a determination of the compo- 
sition of vapors in equilibrium with various liquid mix- 
tures of nitromethane and trichloroethene as a suggested 
laboratory experiment in physical chemistry. Steps 
involved included purification of the two materials by 
distillation, establishment of purity by determining 
time-temperature cooling curves, measuring refractive 
index for a number of liquid mixtures of the two com- 
ponents (these data being used subsequently as a means 
of analyzing the liquid and condensed vapor samples) 
and the actual liquid-vapor equilibrium determination. 

The authors feel that the principal value of the ma- 
terial here presented is to suggest possible experimen- 
tation for the advanced undergraduate, the student just 
beginning a graduate program, or the worker in the 
smaller college. Particular advantages of the pres- 
ent type of investigation are these: combination of a 
number of techniques, none too difficult; independent 
establishment of purity of materials, so that confidence 
can be placed in the results; inexpensive nature of the 
apparatus required and, perhaps of greatest importance 
to the worker in the small college, ready accessibility 
(3) of an excellent summary of the work previously 
done in the field. 


EXPERIMENTAL WORK 


Purification of Materials. Nitromethane of Eastman 
White Label grade was distilled through a nine theo- 
retical-plate column constructed in the laboratory 
from a one meter long piece of 10-mm. Pyrex tubing 
packed with “Kurly Kate’’ household scouring sponge. 
It was provided with a simple Whitmore-Lux (1/0) 
column head, and was calibrated by noting its effi- 
ciency in separating mixtures of carbon tetrachloride 
and benzene as described in Morton’s (6) laboratory 
manual. A 10:1 or higher reflux ratio was maintained 
throughout distillation. The fraction used for deter- 
mination of liquid vapor equilibria boiled in the range 
99.3 to 100.0°C. (stem correction applied) at a pressure 
(corrected) of 739 mm. of Hg. Using a value of dt/dp 
of 0.045°C./mm. calculated (1) from the latent heat of 
vaporization of nitromethane (5), substituting the 
average pressure of 749.5 mm. for p, the boiling range 
at 760 mm. was calculated to be 100.2 to 100.9°C. 
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Literature values of the b. p. of nitromethane (7, 9) are 
given as 101-101.5, 100.76—100.86, and 101.1°C. 

A further establishment of purity was made by deter- 
mining time-e. m. f. cooling curves using a ten junction 
thermopile and potentiometer whose calibration (estab- 
lishing the relationship between the e. m. f. produced 
and the corresponding differential in temperature be- 
tween the two ends of the thermopile) and use was re- 
cently described in Tuts JouRNAL (2). Figures 1 and 2 
show cooling curves obtained on original and distilled 
materials, enhancement of purity being indicated by the 
higher f. p. and flatter curve in the case of the distilled 
material. The f. p. of the original material was 
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—32.01°C., that of the distilled product, —28.86. The 
literature (9) gives —29.2 as the f. p. Calculated 
impurity equaled 0.1 mol per cent. 

The trichloroethene, manufactured by the Carbide 
and Carbon Chemicals Corporation was likewise dis- 
tilled at a 10:1 or higher reflux ratio through the nine 
theoretical-plate column. 

The fraction used for determination of liquid-vapor 
equilibria boiled in the range 85.0 to 85.2°C. at a pres- 
sure of 736.4 mm. of Hg (exposed stem and barometer 
corrections applied), corresponding to a boiling range 
at 760 mm. Hg of 86.1 to 86.3°C. (a value of dt/dp of 
0.045°C./mm. at the average pressure of 748.2 mm. 
Hg was calculated from Mathews’ (5) value of the heat 
of vaporization of trichloroethene). The literature (6) 
value of the b. p. of trichloroethene is 86.67°C. 

Since the trichloroethene distilled smoothly in the 
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range of 0.2°C. (a total of about 600 ml. distilled) it 
was not felt necessary to establish purity further; 
liquid-air would have been required to determine 
cooling curves. 

Refractive Index and Composition. In order to ana- 
lyze the small samples of liquid and condensed vapor 
which would be obtained in the determination of liquid- 
vapor equilibria, a curve of refractive index (n#°*) 
and composition was established for the system, using 
a thermostated Bausch and Lomb Abbé type refrac- 
tometer. The liquids, purified as described above, 
were weighed from Kimble weighing pipets. Table 1 
summarizes the refractive index data, which are also 
shown in Figure 3. 











TABLE 1 
Refractive Index in the System: Nitromethane- 
Trichloroethene 
Mol per cent 
trichloroethene np 
0 1.3812* 
11.85 1.3962 
26.60 1.4122 
37.70 1.4262 
51.44 1.4392 
65.42 1.4492 
86.80 1.4642 
100.0 1.4742¢ 
* Literature value n#°°: = 1.3797. 
t Literature value n$°° = 1.4735. 





Determination of Liquid-Vapor Equilibria. An ap- 
paratus recently described in Tu1s JouRNAL (8) was 
used to obtain equilibrium samples of liquid and vapor 
from various mixtures of trichloroethene and _nitro- 
methane. The liquid mixture was boiled until equilib- 
rium had been established, as indicated by constancy of 
b. p. A sample of the liquid could then be removed 
directly from the body of the still, the vapor sample 
being withdrawn from the side arm. The technique 
was modified by inserting a boiling chip in the still, and 
by continuing heating somewhat longer than recom- 
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TABLE 2 
Liquid-Vapor Equilibria in the System: Nitromethane- 
Trichloroethene 
Mol per cent Mol per cent 
trichloroethene trichloroethene B. p., 
in liquid in vapor “@. 
2.5 15.5 96.3 
5.0 23.0 94.0 
7.0 33.5 90.5 
12.5 42.0 88.5 
29.0 55.0 83.0 
34.0 58.5 82.1 
39.5 61.5 81.5 
48.5 64.0 80.9 
64.0 65.5 80.3 
71.0 68.5 80.4 
86.5 76.0 81.1 





mended in the article when obtaining the vapor sample, 
in order to have a larger amount of liquid with which to 
rinse out the stopcock and connection. Analysis of the 
liquid and condensed vapor was carried out by measur- 
ing the refractive index of each sample and reading 
the corresponding composition on the refractive index- 
composition curve, Figure 3. Table 2 and Figures 4 
and 5 present the liquid-vapor equilibrium data. 

The b. p. data were obtained by use of the Cottrell 
pump feature of the liquid-vapor equilibrium still. It 
should be noted that the boiling points are not corrected 
(obtained at a pressure of 738 to 742 mm. Hg), since 
data from which dt/dp for the mixtures could be calcu- 
lated are not available; therefore Figure 4 represents a 
graph of higher validity than Figure 5. 

An azeotrope, b. p. approximately 80.2°C., containing 
about 64 mol per cent trichloroethene was found. 
Lecat (4) reports an azeotrope in this system with b. p. 
80.0°C., containing 63 mol per cent trichloroethene. 


DISCUSSION 


The experimental determination of liquid-vapor 
equilibrium as described in this article has been found 
to hold student interest much more than unrelated as- 
signments of the various techniques. 

Using the apparatus described, determinations are 
limited to pairs of compounds boiling in the range 
50° to 100°C., freezing between —100° and 0°C. (the 
range of validity of the thermopile calibration), and 
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differing greatly enough in refractive index to enable 
use of this property in analysis. These ranges could be 
extended if facilities for vacuum distillation and con- 
trolled vacuum for the equilibrium still are available, 
and a thermometer or thermocouple of wider range sub- 
stituted for that provided with the still. 

Student interest can be enhanced if a series of binary 
mixtures each involving the same component (with 
various second components) are assigned. 
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CHEMISTRY 






Onze of the most commendable accomplishments of 
the Atomic Energy Commission and its employees has 
been the efficient production and distribution of radio- 
isotopes. This program is making a great contribution 
to the progress of science by placing in the hands of 
qualified scientists a research tool of very wide applica- 
bility. The full utilization of this opportunity in the 
years to come will depend to a considerable extent upon 
the integration of pertinent subject material into the 
training programs of our schools and laboratories. 

The laboratory course in physical chemistry usually 
given in the third or fourth college year is one appropri- 
ate occasion for introduction of some basic material in 
nuclear chemistry. Since the capacity of such courses 
is already strained, any proposed experiments must be 
severely limited and carefully planned. In addition, 
they must not require excessive.investment in equip- 
ment or care. 

With these points in mind, we are presenting here a’ 
group of experiments exemplifying some of the basic 
operations in nuclear chemistry. The present article 
will review some of the important principles involved. 
Succeeding articles will offer more detailed discussion of 
laboratory procedures in radioactivity determinations, 
preparation of radioactive samples, some applications to 
chemical problems, and several other experiments. 
The material is intended to be used at the advanced 
undergraduate or beginning graduate level in college 
training. The time available and the previous training 
of the students involved will determine the selections 
and modifications to be made. 


PREPARATION AND CHARACTERISTICS OF 
RADIOACTIVE TRACERS 


A few radioactive isotopes suitable for chemical ex- 
periments occur in nature, but they are cénfined to the 
elements heavier than mercury. Radioactive isotopes 
of lead and bismuth may be isolated from spent radon 
tubes and have been previously suggested as being 
suitable for instructional purposes (1). In addition a 
large number of radioactive isotopes are prepared and 
distributed by the Atomic Energy Commission at very 
reasonable prices (2). However, both of these sources 
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preparation of active materials, problems having con- 
siderable instructional value. 
cause of certain other advantages which will be ap- 
parent later, we have centered our attention upon the 
use of procedures which are largely self-contained. 

Radioactive isotopes are produced 
One of the most 


For this reason, and be- 


Neutron Capture. 
by a variety of nuclear reactions (3). 
efficient and convenient is the capture of a slow neutron 
by a stable nucleus as exemplified by the equation 


Y 
Stable nucleus Neutron Unstable nucleus Gamma ray 


The resulting nucleus, having a mass number one unit 
greater than its progenitor may be an unstable combina- 
tion of protons and neutrons which decays by beta 
particle emission. The exoergic nature of the neutron 
capture process is attested to by the emission of one or 
more quanta of gamma radiation for a total of several 
million electron volts per capture. 

Neutrons are conveniently generated according to 


sBe® + 2He*(a) — 6C!? + on! 


Radium provides an essentially permanent source of 
alpha particles and in an intimate mixture with beryl- 
lium gives rise to the above process. One gram of 
radium in equilibrium with its shorter-lived decay 
products emits more than 101! alpha particles per sec- 
ond. Only a fraction of these produce neutrons and a 
one-gram radium-beryllium neutron source can be ex- 
pected to yield about 10’ neutrons per second. These 
have considerable kinetic energy and must be slowed 
down, or moderated, to thermal velocities in order to re- 
act efficiently with stable nuclei according to equation 
(1). The moderation is accomplished by repeated 
collision with atomic nuclei around the source and sim- 
ple dynamical considerations indicate that hydrogen, 
with its almost identical mass, will be the most efficient 
A few centimeters of water or paraffin 
around the source will considerably enhance the extent 
of activation. 

The sample to be activated may be mixed with or dis- 
solved in the moderator or simply inserted at a favor- 
It may be an element having several 
of radioactive materials by-pass to a considerable extent stable isotopes, only one of which forms the desired 
the chemical and physical problems involved in the unstable isotope. 


moderator. 


able position. 


Since the rate of neutron capture 
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will be proportional to the number of stable nuclei 
available a correction must be made for the fractional 
abundance of the isotope of interest. The capture rate 
will also be proportional to the slow neutron flux, the 
proportionality constant being known as the capture 
cross section. The value of this quantity is a charac- 
teristic of each individual isotope. 

Radioactive Decay. An unstable nucleus formed by 
neutron capture usually has a higher neutron-proton 
ratio than its stable isobars, and therefore frequently 
decays by beta particle emission as exemplified by the 
equation 

nAul —> _18 + golg'® (3) 


While several other types of radioactive decay reactions 
are known our attention will be centered upon beta 
decay for two reasons: first, it is the most commonly 
observed type of decay following slow neutron capture, 
and second, it is comparatively easy to detect. On the 
other hand, alpha decay produces particles of very small 
penetrating power, and gamma rays are so very pene- 
trating that they are not efficiently absorbed in detect- 
ing devices of reasonable mass. 

The beta particle is simply a very energetic electron 
created in the nuclear transformation of a neutron into 
It has a maximum energy characteristic of 
the particular decay reaction and is detected by means 
of the ionization it produces in its passage through mat- 
ter. The penetration observed will be approximately 
proportional to the energy of the particle and may be 
exemplified by the statement that typical beta radiation 
will be half absorbed after passing through 25 to 50 cm. 
of air. In contrast, 5 to 7 cm. of air serve to completely 
absorb most alpha particles, while gamma rays may be 
only half absorbed by as much as 100 meters of air. 

At least one case of the decay reaction known as 
isomeric transition is available for student experiments. 
This decay involves no change in atomic or mass num- 
ber but is rather a transition between two energy states 
of the same nucleus. The energy may be evolved as 
gamma, radiation or by the mechanism of internal con- 
version. In the latter case an extra-nuclear electron, 
usually from the K or L shell, interacts with the nucleus 
and is ejected from the atom with the energy of the 
transition less the ionization potential of the electron 
concerned. Such conversion electrons are usually very 
weak and therefore difficult to detect but the decay 
product—the lower energy state of the nucleus—may 
also be unstable, decaying by beta particle emission. 
The loss of a K or Z electron by the decaying atom will 
be followed by electronic transitions from higher levels 
and the emission of weak x-rays and electrons. This 
process, known as an Auger shower, will leave the prod- 
uct atom with several valence electrons missing and has 
an important effect on the chemical future of the atom. 

Rate Equations. Radioactive decay follows the well- 
known first-order rate law, which may be written in dif- 
ferential form as follows: 

dN ‘ 


Pls —AN (4) 


all 


where N is the number of unstable nuclei at time ¢ and 
is the characteristic decay constant. The value of 
is independent of ordinary variables such as pressure, 
temperature, and state of chemical combination. Since 
radioactive elements are ordinarily detected and meas- 
ured through the radiations emitted in the decay proc- 
ess, the activity A, related to N by the equation 


A=AN (5) 


is the quantity usually observed or computed. Equa- 
tion (4) may be integrated to yield 
A = Age-™ 

orln A = In Ap — At (6) 
where Ap) is the activity when ¢ = 0. The second form 
indicates the convenience of using a semilogarithmic 
method of graphical analysis in activity-time measure- 
ments as illustrated in Figure 1, Curve A. 

It is customary to report radioactive decay rate 
measurements in terms of the half-life, t:;,, which may 
be defined as the time required for the activity to de- 
crease by a factor of 1/2. This quantity is related to 
the decay constant through the equation 

Ao 0.693 
; gia @ 





1 
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The half-life is a characteristic of the individual unstable 
isotopes and values from a few microseconds to billions 
of years have been observed and measured. For labo- 
ratory experiments, values from a few minutes to a 


few days are most-suitable. 


The rate of formation of unstable nuclei by slow neu- 
tron capture will be proportional to the number of target 
atoms n and the slow neutron flux ¢. The proportion- 
ality constant ¢ is the capture cross section and has the 
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Figure 1. Activity as a Function of Time 


Curve A, decay of a single radioactive species; Curve B, growth of 
activity due to formation of a single radioactive species at a constant 
rate; Curve C, growth and decay of daughter activity formed from an 
undetected parent whose half-life is four times that of the daughter. 
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dimension of area. During an activation of finite dura- 
tion some of the unstable nuclei will decay according to 
equation (4) and the differential equation for the de- 
pendence of the number of unstable nuclei N on the 
activation period tis as follows: 


sal peers (8) 


The integrated form of this equation, when no unstable 
nuclei are present at zero time is 


N = "08 (1 — e-™) (9) 


or in terms of activity, rather than number of unstable 
atoms, 


A = ong¢(1 — e-%) (10) 


This relation indicates that for long activation periods a 
limiting activity given by 


A = ond (11) 


is attained, 7. e., a “stationary state” has been achieved 
where the rate of formation is equal to the rate of decay. 
For an activation period corresponding to one half-life 





Figure 2. Five-Milligram Ra-Be Neutron Source 
The source, contained in a stainless steel capsule, A, is being trans- 
ferred from its lead storage container, B, to a flask containing target 
material. 
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for the unstable isotope, e~“ = 1/2, and the activity 
has reached one-half its saturation value. Curve B in 
Figure 1 shows the relative activity obtained at the end 
of various bombardment periods. Note that this curve 
is equivalent to the difference between an exponential 
decay, such as Carve A, and the asymptote representing 
the stationary state. 

It occasionally happens that a single radioactive de- 
cay does not give rise to a stable nucleus, but to a nu- 
clear configuration which decays still further with its 
own characteristic period. The two differential equa- 
tions describing the net rate of change of the two iso- 
topes are 

° dN; dN? 

i Mattes 

where the subscripts 1 and 2 refer to parent and daugh- 

ter, respectively. The integrated form of these equa- 

tions, describing the activity of the second member of 
the series as a function of time, is 


= AM — ANe (12) 


As = Aft —2— (e-t — a4) + Afe-™ (18) 


Ae — Mi 





where A,° and A.’ represent the activity of the parent 
and daughter att = 0. Note that when Ai < <)z (long- 
lived parent), the equation reduces to a form similar to 
equation 10) for short decay periods, 7. e., the daughter 
is being formed at a constant rate. The term e~™ 
becomes negligible after long decay times and the 
daughter will appear to decay with the half-life of the 
parent. If only the radiations of the daughter are 
detectable a growth and decay curve such as C in 
Figure 1 will be found. 


PHYSICAL OPERATIONS 


Slow Neutron Activation. The optimum size of the 
radium-beryllium neutron source recommended for 
laboratory instruction is governed by several factors, 
among which are the nuclear properties of capture cross 
section and decay period of the unstable isotope. In 
addition, cost and radiation hazard must be considered. 
These last two factors dictate a source no larger than 
necessary for producing conveniently measurable ac- 
tivities and a five milligram size seems the best compro- 
mise. Such a radium-beryllium neutron source may be 
purchased for about $200, a price which compares favor- 
ably with other permanent laboratory equipment. The 
Geiger tube and its electronic accessories described 
below will cost another few hundreds dollars. 

The radiation from a capsule containing a radium- 
beryllium mixture consists largely of energetic gamma 
rays, whose biological destructiveness requires some 
precautions. A considerable amount of literature (4-6) 
on the protective measures to be employed in handling 
radium is available and should be carefully considered. 
This is an important phase of training in this field. 

The radiation level from the proposed five-milligram 
source will be such that eight hours of exposure at a dis- 
tance of one meter will not exceed the generally accepted 
daily tolerance dose of one-tenth roentgen for total body 
exposure. With reasonable precautions in handling 
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and storage the actual exposures may be kept far below 
this point. The source should be closely supervised 
both in storage and in use. It may be stored in a small 
lead block except when in actual use, and then it should 
be handled with tongs to take advantage of the protec- 
tion offered by distance. The source should at all 
times be well separated from the Geiger counter, prefer- 
ably in a separate room, since this instrument is ex- 
tremely sensitive to the radiations, responding to activi- 
ties far below a level dangerous for human exposure. 
The radioactive substances produced by neutron bom- 
bardment with the five-milligram source offer no health 
hazard from external exposure and they are usually 
less active than a luminous watch dial. Figure 2 con- 
tains a photograph of the five-milligram source and 
lead storage container used in our laboratories. 

The five-milligram radium-beryllium neutron source 
will produce about 5 X 10‘ neutrons per second, and at 
the optimum distance in a water moderator the flux 
will be about 2 X 10? slow neutrons per square centi- 
meter per second. Insertion of this value into equation 
(11) indicates that a 100-mg. sample of gold (7Au”) 
which has a capture cross section of about 10-2? cm.?, 
will achieve a saturation activity of about 300 disinte- 
grations per minute. Since the half-life of this isotope 
is 2.8 days a bombardment of 2.8 days will produce an 
activity of 1.5 disintegrations per minute per milligram. 
Since a sample must be relatively small for efficient use of 
a Geiger counter it is apparent that in addition to gold 
only isotopes such as In!" and Re}® with capture cross 
sections comparable to that of gold, which is relatively 
large, will be suitable for direct activations with the 
small source. Several elements with considerably 
smaller capture cross sections may be used by virtue of 
a chemical concentration method which will be dis- 
cussed in the next section. In a typical case, a large 
sample of alkyl iodide may be used as moderator and 
target. Since the capture cross section of iodine (6 X 
10-*4 cm.*) is much greater than that of hydrogen or 
earbon, an appreciable fraction of the neutrons will give 
rise to the reaction 


531127 + on! — 531!%8(t1/, = 25 min.) (14) 


An activity of about 1000 disintegrations per second 
may be induced in a sample of about one kilogram of 
the iodide. By chemical concentration a considerable 
fraction of the active iodine may be extracted into a 
sample weighing a few milligrams, constituting a spe- 
cific activity (activity per unit weight of element) much 
higher than that obtainable by direct activation. This 
method is also applicable to bromine, manganese, ar- 
senic, and other elements. 

In most circumstances the experiments must be 
limited to those isotopes with rather high capture cross 
sections (50 to 100 X 10-4 cm.’) or to those which are 
adaptable to chemical enrichment (cross sections down 
to about 1 X 10-4 cm.?). The isotopic abundance 
must also be considered. In addition, the half-life of 
the unstable isotope must be long enough for convenient 
experimentation and yet not so long as to require exces- 
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sive activation periods. Such properties are sum- 
marized in isotope charts such as that prepared by 
Segré (7). 

The use of activities with short half-life also helps to 
reduce radioactive contamination in the laboratory. 
For this same reason it is not advisable to permit be- 
ginning students to use the 22-yr. RaD-RaE activities 
isolated from radon tubes, except in the form of pre- 
pared and protected samples. Careless handling of 
this or other long-lived activities may result in the ac- 
cumulation of appreciable activities near the Geiger 
counter. 

Geiger Counter. This instrument will be frequently 
used in experiments in nuclear chemistry because of its 
extfemely great sensitivity to beta radiation, the princi- 
pal type of ionizing radiation to be dealt with in simple 
procedures. The ionization caused by the passage of 
energetic beta particles through matter is quite diffuse, 
and while the total number of ion pairs produced by a 
single beta particle may be as many as 100,000, it is 
difficult to collect a large fraction of these in a device of 
reasonable size. The Geiger counter produces a readily 
detectable current pulse of about 10~-'° coulombs after 
formation of a single ion pair (1.6 X 10—” coulombs) in 
its sensitive volume. 

The considerable amplification achieved by the 
Geiger counter is accomplished by an electron chain 
reaction as follows: a potential of about +1000 volts 
is applied to a central wire anode surrounded by a cylin- 
drical cathode. This system is enclosed in a gas-tight 
container filled to a pressure of 8 cm. of argon gas and 2 
em. of alcohol vapor. A thin wall is usually provided to 
facilitate entry of the beta particles (see Figure 3). 
The formation of an electron and a positive ion in the 
gas is followed by migration of these particles toward 
the appropriate electrodes. As the electron approaches 
the central wire where the potential gradient is rather 
high, it will be accelerated enough to cause ionization in 
its collisions with gas molecules. Each electron so 
formed is in turn accelerated toward the wire and can 
also form ions and electrons by collision. At the proper 
potential the net result is an electron avalanche toward 
the central anode, and the accumulation of a negative 
charge which is many times greater than that originally 
created by the passage of the beta particle through the 
tube. At low voltages the electron avalanche will not 
be extensive enough to produce a detectable current 
pulse, and at high voltages a continuous discharge will 
occur in the Geiger tube. Auxiliary electronic circuits 
furnish the operating potential and respond to the 
pulses from the Geiger tube by totalling the number 
received in a specified period of time. Figure 3 shows a 
diagram of a typical counter. 
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The electron avalanche is accomplished very quickly 
(less than 10-* seconds) due to the high mobility of 
these particles. On the other hand, the positive ions 
drift more slowly toward the cathode in a period of 
about 10‘ seconds. During most of this time their 
presence near the anode effectively lowers the potential 
gradient to a point where an electron avalanche is no 
longer possible, making the counter insensitive to the 
entry of ionizing particles. This period is known as the 
dead time r. If the average rate at which pulses are 
being registered in the counter is r, the counter will be 
insensitive for a fraction (1 — rr) of the unit time inter- 
val. This fraction of the average number of particles 
entering the sensitive volume per unit time will be lost, 
and the true counting rate FR will be related to the 
observed rate by 


sf (15) 


el esr: 


Appropriate correction for this loss must be made, re- 
quiring a knowledge of the dead time 7, and this correc- 
tion will become increasingly important at higher count 
rates. 

Activity Determinations. The solid angle subtended 
by the counter with respect to the active sample, a 
factor referred to as the geometry, is one of the items 
which must be considered in relating count rate to dis- 
integration rate. In addition, the absorption of radia- 
tion by matter between the sample and the counter 
must be considered. With thick samples an appreci- 
able fraction of the radiations may be absorbed by the 
sample itself. Still further, beta particles are appre- 
ciably scattered by matter, the effect increasing with 
increasing atomic number of the scatterer, and the 
observed count rate will depend on the nature and 
amount of material near the sample and counter. 

It is apparent that the observed count rate for a given 
sample will depend on several factors involved in the 
placement and construction of the counter and sample. 
Some of these effects are difficult to measure directly 
and the problem can be partially avoided by the use of 
an absolute beta standard, mounted in a fashion com- 
parable to the experimental samples. In many types 
of nuclear chemistry experiments even this procedure 
is not necessary, since relative rates are usually sufficient 
and activity comparisons are valid when made under 
comparable counting conditions. 

A small background counting rate is observed in the 
Geiger counter even when no sample is nearby. This is 
due to cosmic radiation and to natural radioactive con- 
tamination present in most constructional materials. 
It may amount to 20 to 40 counts per minute, depending 
on the size of the counter and the amount of shielding 
provided around the counter and by the walls of the 
room. The background count rate must be subtracted 
from the count rate observed in the presence of a sam- 
ple and imposes a real limitation on the lower limit of 
added activity which can be measured. 

The random nature of nuclear events requires that a 
large number of individual events be observed to ob- 
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tain a precise value of the count rate. The methods of 
statistics may be used to show that the root-mean- 
square deviation from the average will be given by the 
square root of the number of counts collected. There- 
fore it is advisable to collect several thousand counts in 
determining a count rate, especially when the observed 
rate is not much greater than the background rate. 


CHEMICAL OPERATIONS 


Since nuclear bombardment reactions are extremely 
inefficient in terms of the fraction of target atoms trans- 
formed, the amount of active atoms produced in labora- 
tory experiments will be completely undetectable by 
gravimetric or volumetric methods. The number of 
unstable atoms produced in a typical bombardment 
may be calculated by application of equation (9). 
Choosing the example of iodine activation mentioned 
above, we find that the activity of 1000 disintegrations 
per second corresponds to a total yield of about 10 
active iodine atoms, while the number of stable iodine 
atoms used as the target for slow neutron capture was 
about 1074. 

If the active atoms are formed in a chemical state 
identical with that of the target atoms, or in a state 
which undergoes rapid isotopic exchange (see below) 
with the target form, subsequent chemical operations 
are not hampered by the small amount of active ma- 
terial. The macroscopic amount of inactive atoms acts 
as carrier for the active atoms, 7. e., the active and inac- 
tive atoms undergo chemical reaction at the same rate! 
and the specific activity (activity per unit weight of ele- 
ment) is unchanged by such reactions. However, in 
many activations the specific activity may be too small 
to permit measurement of the radioactivity, a procedure 
which ordinarily requires a sample weighing consider- 
ably less than a gram. 

Fortunately, there is available a method, known as a 
Szilard-Chalmers reaction, for preparing the active 
atoms largely free from the overwhelming excess of 
unchanged target atoms. If such a procedure is used 
the active atoms may be obtained in a nearly carrier- 
free state, 7. e., little of the stable isotope is present in 
the same chemical form. While some chemical opera- 
tions, such as oxidation-reduction or solvent extraction 
may be successful with this extremely small number of 
atoms, procedures such as precipitation may be quite 
impossible. Because of such difficulties it is sometimes 
advisable to add a small amount of the stable element 
in appropriate chemical form, which will serve as an 
isotopic carrier. The amount should be no greater than 
required by the nature of the chemical operations antici- 
pated, in order to maintain a high specific activity. 

Isotopic Exchange. The ability to distinguish between 
isotopic atoms of essentially the same chemical proper- 
ties makes possible the study of reactions such as 


A*B + AC=AB+ A*C 





1 We will assume that the chemical properties of isotopes are 
identical. This assumption is an excellent approximation except 
in the case of the hydrogen isotopes, where the mass ratio is large. 
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AB-A*C 


a= “7aAC 





= 1 (see footnote 1) (16) 
where the asterisk indicates an unstable nuclear type, 
recognizable through its radioactive decay. Equation 
(16) may be written in either of the equivalent forms 





A*B AB 

AC = AG (17) 
*B A* 

oe rm oe (18) 


This is practically equivalent to the statement that at 
exchange equilibrium the specific activity in the two 
chemical forms is the same. 

In the extreme case, where a few million A* atoms as 
A*B are mixed with a weighable amount of AC, the test 
for isotopic exchange is very simple. When the ex- 
change equilibrium state is attained equation (17) indi- 
cates that A* will be overwhelmingly in the form A*C, 
where its specific activity will be quite small. Failure 
to exchange will be evidenced by a high specific activity 
as A*B and little activity in the form A*C. 

The rate of a particular isotopic exchange reaction 
may frequently be predicted qualitatively. Thus we 
anticipate that the exchange of the ionizable hydrogen 
atoms of an acid will be rapid with the hydrogen atoms 
of water molecules and that the exchange of molecular 
iodine will be rapid with iodide ion by virtue of the 
rapid, reversible reactions 


Pee Sib Se 
Although the total amount of the various chemical 


forms does not change, the active atoms quickly distrib- 
ute themselves according to equation (17). This fol- 


lows from the concept of dynamic equilibrium, which is . 


directly demonstrable only with isotopic tracers (8). 
Such exchange reactions make the choice of a suitable 
carrier for unstable atoms much simpler, since it is not 
necessary to add the carrier in a chemical form identical 
with that of the active species but only in a form which 
readily exchanges with it. It is apparent that stable 
iodide is a suitable carrier for active elementary iodine. 

In constrast, the exchange between I- and I*O;7 is 
very slow in neutral aqueous solutions, as are many 
other exchanges involving the central atom of an oxy- 
genated anion. Exchanges involving atoms participat- 
ing in covalent bonds, such as I- with C;H;I*, are also 
rather slow. Numerous examples of isotopic exchange 
have been studied and the results correlated with the- 
ories of molecular structure (9, 10). 

Szilard-Chalmers Reaction. With the limited neutron 
flux available from a five-milligram source, a method of 
extracting activated atoms from the overwhelming 
majority of unchanged target atoms is very useful, as 
previously mentioned. It permits the preparation of 


usable specific activities of elements for which the 
capture cross sections are too low for appreciable activa- 
tion without concentration. ‘ 

The Szilard-Chalmers reaction depends upon momen- 
tum conservation in the emission of the energetic 
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gamma, quanta following the capture of a slow neutron 
by a nucleus. The energy of these quanta averages 
about 4 Mev. and their momenta are given by relativis- 
tic mechanics as E'/c, where E is the energy and c is the 
velocity of light. Equating the momentum of the 
gamma quantum to that of the nucleus and computing 
the corresponding recoil energy of the nucleus one finds 
a value of about 100 ev. (~2,000 Keal./mole). Since 
this is much larger than chemical bond energies, we may 
expect that activation by slow neutron capture will rup- 
ture any chemical bond in which the capturing atom 
may be participating. 

The enormous kinetic energy originally possessed by 
the recoiling atom is dissipated by repeated collision 
with the atoms of its environment, whose nature will 
determine the final chemical state of the newly formed 
active atom. Since the final state is formed by an 
atom with excess energy we may expect it to be one of 
the simpler and more stable forms of combination. In 
particular, it is not likely to be a multiply-bonded atom 
in a polyatomic molecule or ion, unless such a configura- 
tion forms spontaneously at room temperature. Fur- 
thermore, the liberated active atom may eventually be 
stabilized in a chemical state which is distinct from the 
state of the unchanged target atoms. 

To return to the example of iodine activation, we find 
that slow neutron bombardment of iodine in the form 
of an alkyl iodide produces some I* in a water-soluble 
form, presumably elementary iodine or iodide ion. 
Whatever the actual chemical state, the fact that some 
I* can be extracted into aqueous solution, while the 
target atoms remain as alkyl iodide, permits a concen- 
tration of the activity into a solution of small volume 
for further experiments. It is apparent that the active 
atoms must not undergo isotopic exchange with the 
target atoms, since the equilibrium state would over- 
whelmingly favor the target form. The extraction and 
later manipulation of I* is facilitated by the use of a 
small amount of inactive iodide carrier which is in the 
same chemical state as I* or exchanges rapidly with it. 

The portion of the newly formed I* which does not 
extract into aqueous solution must be presumed to have 
reentered an organic form of combination. Experi- 
ment shows this to be predominantly: the original target 
molecules, and so the phenomenon has been termed 
“retention.”” Under suitable experimental conditions, 
such as bombardment of the alkyl iodide in the vapor 
state, or in dilute solution, the retention may be reduced 
toward zero, supporting the assumption that “reten- 
tion” is in truth “re-formation.” 

The Szilard-Chalmers concentration process is effec- 
tive with many elements. Bromine and chlorine, as 
well as iodine, can be bombarded as alkyl or aryl hal- 
ides and a fraction of the activated atoms extracted into 
aqueous solutions. With these same elements, bom- 
bardment of the oxygenated anions (Cl0;~, BrOs;-, 
I0;-) yields activated atoms in the lower valence 
states. Bombardment of the free halogen or metal 
halide would not produce separable activity. Bombard- 

(continued on page 218) 





« A LAMINAR FORM OF THE PERIODIC TABLE 


Tue purpose of this paper is to describe the const ruc- 
tion and use of a simple and compact form of the 
periodic table. This table is designed to exhibit the 
relations among the atomic number of each element, its 
electronic configuration, and its position in the periodic 
system. This end is achieved by inscribing the table 
on a sequence of seven laminated cards, so that a three- 
dimensional effect is obtained, without sacrificing the 
advantages inherent in planar models. 

It is believed that such a table could be constructed 
readily by a chemical student at any level, and that 
such an exercise would be a valuable introduction to 
the systematic study of the chemical elements. 

A serious shortcoming of most presently accepted 
tables is the failure to reflect in their design the elec- 
tronic configuration of the elements. In recent years 
some versions of the orthodox tables have given con- 
figuration data in small print or in diagrams near each 
element’s symbol. However, the large and growing use 
of electronic configuration in the study of the chemistry 
of the elements demands tables that make electronic 
configuration an integral part of their framework. 

The present authors acknowledge a considerable debt 
to the table of Gardner (4) with its fourfold classifica- 
tion; to that of Ebel (3), whose classification of the 
elements as “Representative Elements,’ ‘Related 
Metals,”’ and ‘Rare Earths,’ based on the shell of the 
differentiating electron seems of cardinal importance; 
and to that of Luder (6), which embodies in addition a 
classification according to the s, p, d, and f subshells. 
In Luder’s table the section for the Related Metals ap- 
pears to the right of that for the Representative Ele- 
ments, and is so aligned as to show that the differ- 
entiating electron for scandium, for instance, enters the 
third shell rather than the fourth like calcium’s last 
electron. The section for the Rare Earths appears in 
similar alignment further to the right. 

These modern tables, particularly the last, succeed 
in giving electronic configuration its proper prominence 
as a framework for the periodic system. Still, since 
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Figure 2. Plan of Construction of Laminar Form of the Periodic 
Table, Design 2 


they cover many columns horizontally or vertically, 
they suffer from large space requirements. 

More serious both chemically and pedagogically, the 
last two tables sacrifice what is most basic to the 
periodic system, the order of atomic numbers. In 1944 
Babor (1) proposed a modification of Luder’s chart 
which remedied this defect, but at the expense of an 
additional extension, vertically, like Gardner’s. 

Further search for a design that would embody the 
important advances of the Gardner, Ebel, and Luder 
tables without making the same sacrifices, and that 
would reflect both electronic configuration and atomic 
number, simply and compactly, led to the laminar table 
proposed in this paper. 

It is apparently difficult to give a proper idea of elec- 
tronic configuration in two dimensions without spread- 
ing out vertically or horizontally, and thereby sacrificing 
the order of atomic number, or compactness, or both. 
In three dimensions it is entirely feasible, but the first 
reaction is to discard three dimensions as too awkward. 
The laminar chart here proposed seems to the authors 
to possess the advantages of both the two dimensional 
and three dimensional charts and to have none of their 
disadvantages. 
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Figure 1. 


For classroom use an actual, large model of this chart 
is entirely practical, and smaller models for individual 
use can easily be constructed. For reproduction on a 
plane surface, as in a book, an artist’s drawing can 
readily convey the zdea of the laminated structure with- 
out sacrificing the convenience of a plane. 

The proposed table applies the principle of lamination 
to a long form of the periodic table. In the model it- 
self the use of both different colors and different kinds 
of lettering gives additional emphasis to the threefold 
classification of the elements. Figure 1 is an artist’s 
drawing reproducing, except for color, the actual lami- 
nar model, the plan of which is the following: 

Each main shell is represented by a separate card, so 
that card 1 corresponds to the principal quantum num- 
ber 1, and so on to card 7 for quantum number 7. 
The cards are held apart by spacers of cardboard or 
wood. 

The elements with differentiating electron in the out- 
ermost shell (s and p subshells) are shown in black bold 
lettering on the same card as their principal quantum 
number. These are the Representative Elements of 
Ebel. 

The elements with differentiating electron in the 
second-from-outermost shell (d subshell) are shown in 
red less boldly on the card corresponding to the next 
lower principal quantum number. These are the Re- 
lated Metals. 

The elements with differentiating electrons in the 
third-form-outermost shell (f subshell) are shown in 
green script lettering on the card for principal quantum 
number two units lower. These are the “Lanthanide 
Series,” shown on the bottom of the fourth card, and 
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elements, thus indicating 
the occurrence of two /s 
electrons. On card 2 the two 
symbols under s mean that two 2s electrons are present. 
Since N is the third symbol on card 2 under p we assign 
nitrogen three 2p electrons. Recapitulating, the elec- 
tronic configuration of nitrogen is 1s’, 2s*, 2p*. 

Let the electronic configuration of vanadium be re- 
quired. Inspection of card 1 shows that two /s elec- 
trons are present. Card 2 indicates two 2s and six 2p 
electrons. Card 3 shows two 3s, six 3p, and three 3d 
electrons. Card 4 shows two 4s electrons. 

Similarly we can read off the structure of lutecium, 
card by card, as /s?; 2s?, 2p8; 3s?, 3p*, 3d; 487, 4p%, 
4d”, 4f'*; 58°, 5p®, 5d; 6s?. 

The case of abnormal elements is only slightly dif- 
ferent: the addition of a single number to the right of 
the symbol for the element calls attention to the ir- 
regularity, and supplies the additional information 
necessary to write its configuration, Thus we read to 
the right of the symbol Cr the number 45, which tells us 
to assign chromium five instead of the expected four 3d 
electrons. We compensate for this by giving it only 
one 4s electron. Similarly the figure 9 beside Ir tells 
us to assign iridium nine 4d electrons instead of the 
seven suggested by its position as the seventh member 
of the 5d subgroup; we compensate by assigning it no 
electrons in the 6s shell. 

A consequence of the arrangement employed is that 
the abnormal configurations can be recognized at a 
glance, together with the fact that the irregularities in- 
volve electrons of the d subshells. This serves to em- 
phasize the small difference in energy between 3d and 
4s, between 4d and s, and between 5d and 6s electrons, 
respectively, and calls attention to the ease with which 
the Related Metals can shift an electron from one sub- 
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shell to another. The tendency to form half-filled 
or filled d subshells—i. e., five or ten electrons—is also 
more graphically portrayed by this method of high- 
lighting irregularities and assigning normal configura- 
tions by the systematic and orderly completion of shells. 

In order to facilitate the preparation of a laminar 
chart as a student project the individual laminae are 
shown in Figure 2, together with suggested proportions. 
The symbol and atomic number of each element might 
occupy, for instance, an area one inch square. Pieces 
of wood and of white display card may be cut to the 
right dimensions, the symbols and numbers may be 
printed on each card, and the cards, glued to the boards 
which are then all fastened together with glue, screws, 
or nails. Alternatively, spacers of corrugated card- 
board, cut somewhat smaller than the corresponding 
white cards, may be used to keep the “shells” apart. 
Four-tenths of the width of the space assigned to each 
chémical symbol seems a satisfactory distance between 
the layers. 

A minor feature of the table, introduced for reasons 
of expediency, is the artificial break between the first 
and the second main shell. Use is made of this space 
to print the traditional group headings, I A, III A, IV 
B, etc., which are firmly entrenched in the literature, 
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and still find active use as classifying labels. Other 
objects in making the artificial break were to minimize 
the resemblance between hydrogen and the alkali 
metals and to emphasize helium’s character as an inert 
gas (completed is subshell), rather than, as might 
otherwise be supposed, a member of the alkaline earth 
family. 

An outstanding virtue of the laminar chart is its 
simplicity. Consequently, though more data than 
have been given here can be added if desired, the less 
incidental data used, the easier it is to see and remember 
the main burden of the chart: the shells and subshells, 
the groups, and the electronic configurations. 
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LABORATORY EXERCISES IN NUCLEAR CHEMISTRY 
(Continued from page 215) 


ment of permanganate yields Mn*O, and bombardment 
of iron as potassium ferrocyanide yields Fe*+* or 
Fe*+++, The necessary conditions for the success of a 
Szilard-Chalmers enrichment process may be sum- 
marized as follows: the element must be capable of 
existence in two or more mutually stable and separable 
forms which do not undergo rapid isotopic exchange. 
In addition to these basic requirements success may be 
expected if the target molecule is difficult or impossible 
to reform from the fragments produced by neutron 
capture. 

Isomeric Transition. When the decay reaction of 
isomeric transition proceeds by the mechanism of in- 
ternal conversion an effect similar to the Szilard-Chal- 
mers reaction may be expected. The higher energy 
state of the nucleus Br® decays by this mechanism to a 
lower energy state with a half-life of 4.4 hours. The 
lower energy state decays by beta emission with an 18- 
minute half-life. If 4.4-hour bromine is present as an 
alkyl bromide, the loss of valence electrons brought 
about by the internal conversion process will lead to 
rupture of the C-Br bond, and 18-minute beta activity 
may be extracted into aqueous solutions. 

Applied Nuclear Chemistry. Almost all discussions 
of nuclear chemistry have placed considerable emphasis 
on the use of radioactive isotopes as “tracers” in the 
study of chemical structures and mechanisms. The 
ability to distinguish between atoms of the same ele- 


ment has made it possible to demonstrate directly the 
nonequivalence of the two sulfur atoms in the thiocya- 
nate molecule, to study the intramolecular rearrange- 
ment of propane, the self-diffusion process, and other 
interesting reactions. An example of this technique is 
desirable in an introductory laboratory course. An 
outline of these applications has previously been given 
in this journal and{the reader is referred to this article 


(11). 
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THE VALUE OF ERROR PROBLEMS IN THE 


TEACHING OF QUANTITATIVE ANALYSIS 


'T'sacuers of a science such as chemistry or physics 
have long maintained that the solution of numerical 
problems which illustrate scientific principles has an 
important function. Since much time is required to 
obtain first hand experience of an extensive character 
in the laboratory any method which rapidly and effec- 
tively transmits the experience of other qualified 
workers in the field is to be commended. One of the 


most useful methods available in the study of quanti- 


tative analysis is the solution and discussion of prob- 
lems illustrating the effect of errors and interfering 
substances on methods of analysis. Such problems 
properly constructed very effectively focus attention on 
the need for care in many important details of procedure 
and on the serious results of neglecting such precautions. 
The student who overlooks details in the laboratory is 
in this manner brought to realize the results of his 
carelessness and the need for better technique. Fur- 
thermore, he becomes better able to decide for himself 
just what the cause of his trouble has been. The type 
of problem mentioned requires the student to apply a 
knowledge of elementary inorganic chemistry and 
certain physicochemical principles with much more 
discernment than is ordinarily needed in stoichiometric 
problems. Thus the student who makes a careful study 
of the errors and limitations of analytical methods is 
in a much better position to judge critically as to the 
accuracy that may be expected of a given laboratory 
procedure. On account of the difficulties encountered 
from the student point of view more numerical prob- 
lems along this line should be included and more 
should be explained carefully. With a background of 
this sort laboratory work by the student acquires in 
general much greater reliability and significance. The 
types and examples mentioned below illustrate the 
scope and varied nature of this method of instruction. 

Some of the more important considerations upon 
which the construction of useful error problems in 
acidimetry and alkalimetry may be based are the 
following: (1) the unobserved presence of a definite 
concentration of carbonic acid when phenolphthalein 
is used as indicator in the volumetric determination of 
a specific moderately weak or strong acid with standard 
fixed alkali; (2) the mistaken use of some indicator such 
as methyl red which changes color at a definite pH 
less than seven for the determination of the end point 
in the titration of a moderately weak acid of, known 
ionization constant; (3) the fallacious assumption that 
the equivalence point in the titration of a moderately 
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weak monobasic acid of known ionization constant 
with standard strong alkali is reached at a pH of ex- 
actly seven; (4) the mistaken use of phenolphthalein 
or some other indicator that changes color at a definite 
pH greater than seven for the determination of the end 
point in the titration of a typical salt of a very weak 
monobasic acid of known ionization constant with 
standard strong acid; (5) the wrong assumption that 
the equivalence point in the titration of a salt of a very 
weak acid of known ionization constant with standard 
strong acid is reached at a pH of exactly seven; (6) 
the unobserved presence of a definite percentage of 
foreign acid, acid salt, or salt of a very weak base when 
the determination of total acidity is taken as the ac- 
curate measure of the percentage of a given single acid; 
(7) failure to take account of the increase in the ion- 
product constant of water when a moderately weak 
acid or a moderately weak base is titrated at or near the 
boiling point of water. Likewise the corresponding 
series of problems based upon the presence of carbonate 
in the standard alkali, mistaken assumptions in the 
selection of an indicator in the titration of a moder- 
ately weak base or a salt of a very weak base, and the 
unobserved presence of foreign base, basic salt, or salt 
of a very weak acid when a single base is being deter- 
mined may all be constructed. 

In volumetric precipitation reactions the percentage 
error due to the unobserved presence of a definite 
weight or percentage of another substance simul- 
taneously precipitated or titrated is readily calculated. 
Another type of error problem in volumetric precipi- 
tation reactions is based upon the fact that due to the 
solubility of the precipitate and the nature of the indi- 
cator reaction the actual end point does not exactly 
coincide with the equivalence point as required by the 
solubility product principle.’ In volumetric reactions 
that depend upon complex formation an inherent error 
results when the complex formed is relatively unstable, 
z.e., the instability constant is too large. For this 
reason the actual end point does not coincide with the 
true equivalence point. The amount ”* of this discrep- 
ancy may usually be calculated if the sensitivity of the 
indicator reaction—that is, the amount or concentra- 


+ 





1SmituH, T. B., “Analytical Processes,” 2nd ed., Edward 
Arnold and Co., London, 1940, pp. 153-8. 

2? Kouttuorr, I. M., anp V. A. Stencer, ‘Volumetric Analy- 
sis,’ 2nd ed. Interscience Publishers, Inc., New York, 1942, Vol. 
I, pp. 154-8. 

3 Situ, T. B., ibid., pp. 246-52. 
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tion of standard reagent required to affect the indicator 
visually—the concentration of the active indicator 
agent, and the necessary instability constants or insta- 
bility constant and solubility product are all known. 
This is when the reaction is assumed to be stoichio- 
metric and not when the errors have been compensated. 
A still different problem results when a standard so- 
lution of a complexing agent reacts with a definite 
amount of accessory constituent as well as with the 
constituent intended. In certain cases the use of an 
excessive amount of indicator leads to a large blank, 
the amount of which may be calculated if the amount 
of indicator is known. 

The calculation of the inherent error in volumetric 
oxidation and reduction reactions is based upon the 
calculation of the concentration of the residual unre- 
acted constituents at equilibrium when equivalent 
amounts of the reacting substances have been mixed 
and allowed to react. This is as a rule easily accom- 
plished by first calculating the equilibrium constant 
(K) of the volumetric reaction from the normal elec- 
trode potentials of the partial reactions involved using 
5059] (Ho — Ho") at 25°C. 
Knowing from mass-law considerations the ratio of the 
concentrations (or activities) of oxidant and reductant 
in terms of K and knowing the sum of the concentra- 
tions (or activities) of oxidant and reductant it is easily 
possible to calculate the residual concentration (or 
activity) of either oxidant or reductant.*® By this 
means it is possible to decide whether the reaction 
goes so nearly to completion at equilibrium that it may 
be considered highly satisfactory, whether the reaction 
falls short of completion only a small amount that may 
be safely compensated on the empirical basis, or 
whether the reaction falls so far short of completion 
that compensation is difficult or impossible. No infor- 
mation in regard to the speed of the reaction is obtained. 
The calculation of inherent error in this manner is of a 
fundamental nature. The concept of formal oxidation- 
reduction potentials® may lead to even more practical 
results when such calculations are undertaken. With 
elementary students it is usually preferred to work in 
terms of molar concentrations rather than activities’ 
and limit the discussion to the simplest cases. 

In the titration of a reducing agent with a standard 
oxidizing agent it is easy to calculate the error caused 
by the unobserved presence of a definite amount of 
some other reducing agent. Likewise,in the titration 
of an oxidizing agent with a standard reducing agent. 
If the student has properly learned the calculation of 
equivalents® he will seldom be mistaken in the calcu- 
lation of the error in volumetric methods due to im- 

* Kouruorr, I. M., anp V. A. SteNGgER, ibid., pp. 73-86. 

5 Misuuer, E., “Die Elektrometrische Massanalyse,” 6th ed. 
Theodore Steinkopff, Dresden and Leipzig, 1942, pp. 24-34. 

6 Smitu, G. F., Trans. Illinois State Acad. Sci., 36, 132 (1943). 

7 WILLARD, H. H., anp N. H. Furman, “Elementary Quantita- 
tive Analysis,” D. Van Nostrand Company, Inc., New York, 3rd 


ed., 1940, pp. 215-8. 
8 MextocugE, C. C., J. Cnem. Epuc., 24, 475 (1947). 
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purities. He will then observe that the presence of a 
relatively small amount of impurity which has a very 
small equivalent may lead to serious error, but that the 
presence of a considerably larger amount of titratable 
impurity with a very large equivalent may have a 
nearly negligible effect on the final results. A problem 
may sometimes be constructed on the assumption that 
a definite part of the volumetric oxidizing agent or re- 
ducing agent is reduced or oxidized to a state different 
from the one intended. 

The calculation of the titration error as defined by 
Kolthoff and Stenger® includes allowance for the sen- 
sitivity of the indicator and therefore brings the cal- 
culated error into closer agreement with the actual ex- 
perimental error. If it is thought that such a calcu- 
lation is too complicated for the beginner, it is usually 
possible to have the student calculate the residual 
concentration of the titrated substance at equivalence 
regardless of the particular indicator employed. The 
term “inherent error’ has been used by the writer in re- 
ferring to the results of such calculations. Problems 
illustrating other errors in volumetric analysis may he 
based upon change in temperature of the standard so- 
lution, errors in calibration, and the inconsistent use of 
various units of volume. The gross error that results 
in all classes of volumetric reactions when the student 
uses the wrong normality, the wrong equivalent, the 
wrong titer, or the wrong logarithm may also be cal- 
culated. 

In gravimetric analysis the error due to solubility of 
the precipitate may as a rule be easily calculated on the 
basis of the solubility product principle but the error 
due to contamination or decomposition of the ignited 
precipitate may be difficult for the amateur to evaluate. 
Gravimetric error problems may in large part be classi- 
fied according to the cause of error as follows: (1) 
some error in the assigned value of one or more of the 
weights exists or the true sum of the weights has been 
misread. (2) The precipitate weighed or separated is 
soluble to an appreciable extent. (3) The precipitate 
weighed is contaminated with a relatively inert non- 
volatile impurity of a foreign nature. (4) The precipi- 
tate is in part volatile as such when heated for unduly 
prolonged periods or at temperatures above those cus- 
tomarily prescribed. (5) The precipitate is in part 
decomposed on ignition and one of the decomposition 
products is volatile. (6) The precipitate weighed is 
contaminated with a foreign anion coprecipitated or 
post precipitated by the same cation as that contained 
in the precipitate. (7) The precipitate weighed is 
contaminated by occlusion or adsorption of a foreign 
anion. (8) The precipitate weighed is contaminated 
with a foreign cation coprecipitated or post precipi- 
tated Ly the same anion that is contained in the pre- 
cipitate. (9) ‘Ihe precipitate weighed is contaminated 
by occlusion or adsorption of a foreign cation. (10) 
The deposit obtained in electrolytic analysis may con- 
tain all or a part of some other metal or metals present, 
especially if the constant current method has been used. 

® Koutruorr, I. M., anp V. A. STENGER, ibid., p. 148. 
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(11) The electrodeposition of a metal has been auto- 
matically or accidentally interrupted at a cathode po- 
tential less negative than that required for complete 
deposition. Many additional problems may be based 
upon specific determinate errors whether personal, 
instrumental, methodic, or operative. Even indeter- 
minate errors may be utilized in the construction of 
suitable problems. On account of the varied and 
scmetimes complicated nature of the error problems in 
gravimetric analysis special attention must be given to 
the more difficult cases. Stepwise consideration of the 
chemistry involved should be the rule. 


€ A REACTION SAMPLING DEVICE 


CHARLES E. WHEELOCK 
Cincinnati, Ohio 


Tue device represented in Figure 1 has been found 
useful in removing samples from a reaction mixture 
during reaction. 

The device is fitted to the outside neck of a two- or 
three-neck flask through a 24/40 standard taper joint at 
A. A 6-mm. (O.D.) glass tube, bent to conform to the 
flask and reach to its bottom, passes through ring seals 
at B and C to end in a tip D inside a chamber formed by 
a sealed-in glass disc at E. 

To operate, close the stopcock at F. Then, with G 
connected through a 3-way stopcock to an aspirator, 
apply suction until the chamber is filled from the stop- 
cock F to the tip D. At this point, open the 3-way 
stopcock to the air permitting excess liquid to drain 
back into the reaction flask. Open the stopcock F to 
drain off the collected sample. 

Depending on the position of the tip D, a reproduci- 
ble collection of 2 to 3 ml. is made. 





t 
BRIEF ENCOUNTER 


A y-ray one sunny day 

Was traipsing on its merry way 

Through vacuum, continuum, 

Through plumbum and germanium; 

When, prompted by a foolish whim, 

A B-ray accosted him 

And said: ‘‘Now, podner, hold your hosses; 

Let’s undergo a Compton process.”’ 

Alas! No sooner said than done; 

There was a loud explosion 

And, in a microsecond’s time, 

Our y was a 7’. ‘ 
—Peter Linde 

University “of Oregon, Eugene, \Ore. 
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In conclusion it is obvious that in numerous cases the 
effect of errors and interfering substances in quanti- 
tative analysis can be placed upon a concrete mathe- 
matical basis. The number of possible error problems 
is very large so that the writer can scarcely claim to have 
mentioned all the possible types, but enough have 
been mentioned to indicate the possibilities in this con- 
nection. If more carefully graduated problems of this 
sort are included in the beginning course in quantitative 
analysis and many of them explained in advance, it is 
certain that the increased emphasis on this phase of the 
teaching work will prove beneficial. 





























Figure 1. A Reaction Sampling Device 





© PERSPECTIVES IN ORGANIC CHEMISTRY 
INSTRUCTION’ 


Oneanic chemistry is considered by students to be 
one of the most difficult courses in the chemistry cur- 
riculum. For the student the troublesome areas in 
this subject are the new and large vocabulary, the 
volume of subject matter, the unfamiliar techniques 
and equipment of the organic laboratory, and the 
solution of exercises in organic synthesis. 

Among the difficulties that bedevil the beginner in 
this field are the new language and structural formulas 
which must be learned to understand the most ele- 
mentary concepts. This task becomes even more 
Herculean when three separate systems of nomen- 
clature are presented for each homologous series, 
e. g., the Geneva or I.U.C., common, and derived 
names. Thus the molecule CH;CH =CHCH; is desig- 
nated by these three systems as butene-2, beta butylene, 
and s-dimethylethylene. It is therefore not surprising 
that student failures in organic chemistry examinations 
frequently arise from ignorance of a particular name for 
a given compound. 

For elementary students it is recommended that only 
the systematic I.U.C. and industrially important com- 
mon names be stressed to the exclusion of the derived 
names which are no longer important for research or 
industry. It is likewise important to present the 
student with a concise summary of the I.U.C. rules for 
all homologous series at the beginning of the course. 

Another major difficulty for the novice is the volume 
of subject matter in current organic chemistry text- 
books, which have recently become larger and more de- 
tailed. In these books little attention is given to the 
beginner who must orient himself in a new and complex 
field. The vast body of information in the textbook, 
coupled with the rapid pace of instruction, makes it 
difficult for an average student to digest and assimilate 
his assignments. A successful professor with a twenty- 
five year record of experience in this subject found that 
his average students were able to master forty per cent 
of the course content. He also learned that there was 
no uniformity in the forty per cent of the subject matter 
that his students had learned and concluded that there 
was considerable variation in the students’ estimate of 
the essential material of the course. 

The fact that the average student reproduces a vari- 
able fraction of the subject matter places the respon- 
sibility for outlining the course and emphasizing im- 
portant reactions with the lecturer. Inasmuch as the 
lecturing professor must also integrate theory, discuss 





1 This paper was presented before the Division of Chemical 
Education at the 112th meeting of the American Chemical 
Society, New York City, September, 1947. 


JACOB G. SHAREFKIN 
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ideas critically, and inspire his students, the lecture 
hour becomes a race in which the student strives desper- 
ately to transcribe the lecture and listen at the same 
time. 

Some of the pitfalls in this situation may be avoided 
by supplying the student with a set of all the essential 
equations numbered consecutively. By slipsheeting 
the pages containing these numbered reactions between 
the blank pages of the lecture notebook the student is 
relieved of the chore of copying equations and is thereby 
enabled to make notes on the critical comments of the 
lecturer. The lecturer refers to the reactions by 
number and uses the time, which would otherwise be 
spent in writing equations on the blackboard, more 
profitably for evaluation and cliscussion of the reactions. 

The laboratory work in organic chemistry, following 
general chemistry and qualitative analysis, is the first 
experience for the student in setting up large-scale 
glass equipment and handling combustible chemicals. 
These tasks usually occupy him so completely that the 
observation of the reaction for significant chemical 
changes and the correlation of these with theory are 
forgotten. The student is not aided in this important 
objective by current organic laboratory manuals which 
feature theoretical topics such as distillation, crystal- 
lization, etc., and precise directions for performing ex- 
periments. In addition to these topics a balanced 
laboratory manual should point out to the inexperi- 
enced student the signs of reaction which are significant 
to the chemist. 

To give the student an appreciation of the chemistry 
of reactions and proper training in observation it is 
helpful to supply printed material that explains the 
purpose of each reagent and operation and also points 
out the observable changes which are the signs of re- 
action. This aspect of the laboratory work is further 
emphasized by requiring the student’s final laboratory 
report to contain a detailed flow sheet for the experi- 
ment. Flow sheets are particularly important in 
organic chemistry because the time required to com- 
plete a synthesis and isolate the pure product limits the 
student to fifteen preparations per semester. Each 
preparation must therefore be exploited to illustrate as 
many reactions as possible and it is here that the signs 
of reaction become most significant. In the prepara- 
tion of mandelic acid from the liquid benzaldehyde the 
first product is a solid bisulfite addition compound. 
The latter is treated with potassium cyanide to form 
liquid mandelonitrile which is then hydrolyzed to the 
solid mandelic acid. 

It is common practice to assign problems involving 
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the synthesis of complex organic molecular structures 
from relatively simple compounds. Yet textbooks of 
organic chemistry offer no systematic instruction in this 
phase of the work. The solution of such problems 
without any written reference material requires a high 
order of genius from a beginning student. The writer 
has prepared a series of solved exercises? of graded 





? SHAREFKIN, J. G., “‘Exercises in Organic Synthesis,’ Thomas 
Y. Crowell Co., New York, 1947. 


Ix presenting the subject of valency the authors 
have found it convenient to be able to obtain quickly 
and easily an approximate quantitative value for the 
percentage ionic or covalent character of a given chemi- 
cal bond. A simple nomograph of the slide rule type 
may be prepared which affords a rapid means of making 
calculations concerning the extent of these bond types. 

This nomograph is based upon the empirical equation 
by Pauling’ —Amount of ionic character = 1 
e-c(Xa—Xs)*—where c has the value 1/4 and (x, — zB) 
is the electronegativity difference between the two ele- 
ments concerned. 

The slide rule was designed by making Scale A (Fig- 
ure 1) represent the electronegativities of the nonmetals 
and Scale B represent those of both the metals and 
nonmetals. Scale C gives the numerical values of the 
electronegativities and Scale D represents the percent- 
age ionic character of the bond in question as calculated 
by substituting electronegativity differences in the 
above equation. The four scales were laid out on 
heavy white paper and were mounted on a slide rule 
blank by means of a good glue. Slide rule blanks may 
be purchased and on these the special scales may be 
mounted. The authors have constructed a large slide 





? Pauuina, L., “The Nature of the Chemical Bond,” 2nd ed., 
Cornell University Press, Ithaca, New York, 1945, p. 69. 
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If these are 


difficulty for each homologous series. 
mastered by the student it is possible to assign more 
challenging problems. 

The use of the instructional devices enumerated 
above suffers from the drawback of multiplying second- 


ary reference sources for the student. They are con- 
sidered to be temporary expedients by the writer who 
earnestly hopes that future textbooks and laboratory 
manuals in organic chemistry will include this instruc- 
tional material. 


A NOMOGRAPH FOR PERCENTAGE OF IONIC BOND CHARACTER 


W. H. NEBERGALL and W. A. LINDEKE 
University of Minnesota, Minneapolis, Minnesota 


rule of this type which is five feet in length for use in the 
classroom. 

In the operation of the rule one can readily see that 
as Scale B is moved to the right, the difference in elec- 
tronegativity is being increased, starting from the zero 
setting with H over H, Cl over Cl, etc., with a corre- 
sponding increase in the percentage ionic character of 
the bond in question. Taking the setting of the rule as 
shown in the figure, one may note that the arrow indi- 
cates approximately 43 per cent ionic character for all 
of the following single bonds: Na—I, Na—Se, Ba—I, 
Ba—Se, Sr—C, Sr—S, Ca—C, Ca—S, Li—C, Li—4S, 
Rare Earth—Br, Be—Cl, Be—N, Al—Cl, AI—N, 
As—O, B—O, S—F, and C—F. By setting the rule 
so that Cs falls above F,. one finds 95 per cent ionic 
character, with H over O, 39 per cent ionic character, 
ete. 

This device is particularly helpful in demonstrating 
in a quantitative way the gradation in the character of 
a bond between a given element and the members of a 
group of the periodic table. Take the case of the four 
hydrogen halides. By making four consecutive settings 
of the rule, one may read off 4%, 11%, 19%, and 60% 
ionic character for the bonds in HI, HBr, HCl, and HF, 
respectively. These percentages correspond to (#4 — 
xB) values of 0.4, 0.7, 0.9, and 1.9, respectively. 
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& THE POLAROID LAND CAMERA—A New Tool 





for Education and Research , 

ti 

b 

ERNST A. HAUSER " 

Massachusetts Institute of Technology, Cambridge, p 

Massachusetts Pp’ 

is 

UST over two years ago, Dr. Edwin H. Land, Presi- fa 

dent and Director of Research of Polaroid Corporation, te 

gave a demonstration of the one-step photographic proc- st: 
ess he had developed. Now the Polaroid ‘Land’ 

Camera is available to anyone, and permits one to have . 
portrait or landscape pictures of excellent quality avail- 

able one minute after exposure. 

This great advance in the history of photography 16! 

should be of interest not only to the professional and 4 


amateur photographer, however, but also to any scien- 
tist who has used photography in one way or another as 
a tool for his research. This refers particularly to those 





Figure 2. Hevea Smoked Sheet Deposited from Benzene Solution on 
Wire Screen (2). Magnif. 350 X 





Tr 


in t 

silv 
who are engaged in photomicrography. From an educa- the 
tional point of view, the possibility of taking a photo- cipl 
micrograph in front of a class, or even a photoultra- hou 
micrograph, and handing the finished print to the stu- of fi 
dents for their inspection one minute later would not cove 
only be of extreme educational importance, but would per | 


save the time necessary for having every student look 
into the microscope himself. Such a demonstration in PRO 





class would be far more effective than projecting slides, W 
because the student appreciates experiments performed pend 
in his presence more than even the best lecture can offer. 250-1 
For any one engaged in research, it would have the ad- cove 
vantage over present photomicrographic equipment mete 
that one could ascertain one minute after a picture is WwW 
taken whether or not it is satisfactory. glass 


It therefore seemed to me of sufficient importance to § anq | 
test these possibilities. The Polaroid Land Camera can just 
be mounted above the microscope by a simple device § the r 
anyone can build, so that the camera can be swung into super 
position over the eyepiece of the microscope after the Aft 
specimen has been brought into focus (Figure 1). After J gue, 
the exposure has been made the camera is swung back J gocay 
and the picture can now be developed without having § frog ¢, 
to take the camera off its support, so that it is ready for J an ex 





Figure 1. Polaroid-Land Camera Mounted in Position to be Swung 
over Eyepiece of Ultropak Microscope 
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the next picture after one minute. If one wants to 
have the camera already in a position for exposure and 
still be able to check the focus, a Leitz Micro-Ibso at- 
tachment! with its standard focusing lens removed can 
be attached to the eyepiece. Without the Micro-Ibso 
attachment, a photomicrograph covering the entire 
print is obtained; with the attachment, only a circular 
picture. The exposure time of the Polaroid Land film 
is about twice as fast as Kodak Microfilm, or two-thirds 
of the exposure time called for with daylight Koda- 
chrome. Figures 2 and 3 offer proof that very satis- 
factory ultraphotomicrographs can be obtained by this 
technique, if one compares them with those made by 
standard methods.? 





1 Hauser, E. A., anp D.S. LE Beau, India-Rubber J., 110, 
169 (1946.) 

2 Hauser, E. A.. anD D.S. Le Beau, Ind. Eng. Chem., 37, 
786 (1945.) 
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Figure 3. As Figure 2. Magnif. 


800 X 


® THE RECOVERY OF SILVER FROM A DIME 


Tue following experiment has proved very successful 
in the elementary laboratory. The separation of pure 
silver from a dime is not only interesting in itself but 
the method involves several important chemical prin- 
ciples. On the average, it requires a little over two 
hours for completion, and in our experience, the majority 
of freshmen students obtain better than 95 per cent re- 
covery of the metal (assuming the dime to contain 90 
per cent Ag and 10 per cent Cu). 


PROCEDURE 


Weigh half a dime to two or three decimal places, de- 
pending upon the type of balances available. Place in a 
250-ml. beaker and add 15 ml. of dilute HNO;. After 
covering with a watch glass warm gently until all of the 
metal goes into solution. 

Wash the liquid from the underside of the watch 
glass into the beaker, dilute to approximately 100 ml., 
and add 5 ml. of dilute HCl. Maintain the solution 
just below the boiling point and stir frequently until 
the precipitate of AgCl has become coagulated and the 
supernatant liquid is clear. 

After allowing the precipitate to settle, decant the 
supernatant liquid, add 50 ml. of water, stir, let settle, 
decant and repeat the process until the decantate is 
freefrom Cu. The test for Cu may be made by adding 


an excess of NH,OH to a few ml. of the decantate and 


A Laboratory Experiment in General Chemistry 


HARRY B. FELDMAN 
Worcester Polytechnic Institute, Worcester, Massachusetts 


observing the formation of a blue color if Cu is present. 
Usually the third decantate is free from Cu. 

Add 100 ml. of water to the precipitate and 10 ml. of 
6 N NaOH and boil the resulting mixture for 15 
minutes. The result is a brown suspension of Ag,O. 
Add to this suspension 10 g. of cane sugar and boil 15 
minutes. The reduction of the Ag,O to free silver 
causes the precipitate to darken in color and to appear 
partly spongy and partly crystalline in appearance. 

After filtering and washing twice with cold water, 
remove the filter paper and funnel,and place in a de- 
pression previously prepared in a piece of blowpipe 
charcoal. Heat with the blowpipe until all the paper 
is burned off and the silver has fused together into a 
single globule. Allow to cool and then weigh. Calcu- 
late the per cent recovery of the silver, assuming that 
the original coin was 90 per cent silver and 10 per cent 
copper. 

The following table lists student results in percentage 
recoveries. 


Number of 

Students % Recovery 
16 98.0-100.0 

41 96 .0-98.0 

55 94 .0-96 .0 

39 92.0-94.0 

29 90 :0-92.0 

9 88 .0-90.0 
13 Below 88.0 


j 
a 
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€ SOME PECULIAR TEACHING PROBLEMS 


Since the author is in the process of changing from a 
high-school chemistry teacher to a college chemistry 
teacher, he has noted some of the problems that exist 
in both fields and would like to call attention to some of 
the difficulties that confront high-school teachers. 
Many college teachers are unaware of these problems 
and difficulties. Some have been so long away from 
them that they have forgotten their existence. Before 
we can have correlation we must be aware of our mutual 
problems. 

This spring one of my colleagues and I made a survey 
of ninety-two science departments and we obtained 
figures from seventy-five of them, including colleges and 
universities in Indiana, Illinois, Michigan, Ohio, 
Kentucky, Wisconsin, Iowa, Minnesota, and Colorado. 
This was an effort to show our administration two 
things: (1) that our load of 20 clock-hours of classes, 
or 16 credit-hours, was greater than that in other similar 
institutions, and also (2) to convince them that our 
laboratory periods of one hour each were of little value 
and not generally considered good practice. Our re- 
plies showed that clock-hours of teaching ranged from 
12 to 27, with an average of 17 (or 12.7 credit-hours). 
The other is not considered here. We won our point. 
But after my experience in teaching high-school chem- 
istry I felt that 20 clock-hours per week of classes was 
almost heaven. 

Most of the interest that we have in college freshmen 
chemistry students is in what they have accumulated 
in the way of facts, in their ability to read, to do some 
reasonably clear thinking, some good generalizing and 
interpreting, and perhaps in their manual dexterity. 
We have noted that some schools give us better chem- 
istry students, in general, than others and we attribute 
this to the fact that there is a good chemistry teacher in 
that particular school. Perhaps those students that 
do not do so well in our college classes come from schools 
where the teaching situation is not satisfactory; per- 
haps it is not entirely the teacher’s fault. It is with 
some of these peculiar situations that’ I wish to deal. 
Some of these items have been under consideration for 
some time. Norris Rakestraw wrote an editorial in 
the January, 1942, issue of Turis JourRNAL that 
started my thinking on this topic. This editorial 
prompted a letter to the editor, which was published in 
the March, 1942, issue. It has resulted in this paper. 

First. How many of you can recite the requirements 
in your state for the teaching of high-school chemistry? 
They vary rather widely. According to the 13th 
Edition (1948-49) of “Requirements for Certification 


WILLIAM G. KESSEL 
Indiana State Teachers College, 
Indiana 


Terre Haute, 


of Teachers and Administrators for Elementary and 
Secondary Schools and Junior Colleges” (University 
of Chicago Press), this is the situation: 


9 states have no specifica- 8 states require 12 semester 


tions for chemistry hours of chemistry 

3 states require 3 semester 12 states require 15 semester 
hours of chemistry hours of chemistry 

1 state requires 5 semester 3 states require 18 semester 
hours of chemistry hours of chemistry 

6 states require 6 semester 2 states require 20 semester 
hours of chemistry hours of chemistry 


Only 7 states mention chem- 
istry requirements sepa- 
rately. 


l state each requires 8, 9, 
and 10 semester hours of 
chemistry 


Since giving this information I have found on con- 
tacting the states that are listed as having no specifica- 
tions that the above situation is not exactly true. 
That some of these 9 states do not have specific legal 
licensing requirements in their law but teacher-prepara- 
tion requirements makes it mandatory that they do 
take a certain number of hours in the field of chemistry. 
Two of these states certify on a general secondary basis 
rather on subject areas, but expect at least 16 hours of 
work in the field. Here are some of the variations. 
Fifteen or sixteen semester hours of chemistry does not 
give a beginning teacher very much background. For 
example, one of our seniors who is going to teach this 
fall confided to me that mathematics was much easier 
to teach than chemistry, for the students did not ask 
so many questions that he could not answer. 

Recently a graduate of our institution came back 
with an unusual problem. It seems a revivalist in his 
town wanted a black solution to represent sin and a red 
one to represent the blood of Christ so when he poured 
them together the “blood’ would clarify the “sin” and 
leave a clear solution. We “monkeyed” a bit and 
solved this pressing problem. But as this teacher 
left he said, ‘‘What does the 3N stand for on that 
bottle?” His background must not have been very 
satisfactory. 

Some years back as a high-school teacher I had a 
practice student in chemistry who insisted upon telling 
the students that you make copper sulfate by the reac- 
tion of concentrated sulfuric acid with copper. When 
I asked him to demonstrate this it did not work; he 
said, nevertheless, getting his text out, ‘“That’s what 
the book says.’’ Although he had tried the reaction 
and failed, as had the students, he failed to see what 
happened. He was looking for the answer the book 
gave—he was prejudiced. Only experience could help 
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this young man, but if he had had more in his college 
he would have not exposed his ignorance so badly. 

We all have problems, little consulting jobs, during 
our teaching experience and we have all profited greatly 
by them, although sometimes they have been tough and 
expensive. In the March, 1943, issue of Ta1s JouRNAL 
is the story of one of my experiences with a local anti- 
freeze distributor who was selling (at $2.65 per gallon) 
“Sond—the guaranteed permanent antifreeze’’—an 
almost saturated calcium chloride solution. He was 
going to ride me out of town on a rail because I told my 
students it was not good. Although I tried to prove 
to him by some simple corrosion tests that it was 
dangerous to use, he had some $5000 worth, and as he 
had paid cash for it, his viewpoint on the subject was 
somewhat warped. Although the War Production 
Board banned the sale and manufacture of this type 
of antifreeze in a short time he just nods today when I 
see him. I know [I learned a lot about antifreeze and 
human nature during that escapade but I would not 
care to repeat it. 

We might continue with other illustrations of the 
need for more training for our future teachers. Re- 
cently we registered at our summer school a woman 
junior high-school teacher who had been on a teaching 
permit for science. She wanted to know what she 
should take. I had no answer for her as her only pre- 
vious college work was during the summers of 1910 and 
1911. Her background necessarily was very limited. 

Let us summarize item one by saying we need a 
longer training period for prospective teachers, es- 
pecially in the science field. There are some attempts 
on the part of various teachers’ colleges to help this 
situation by giving—as our college does—a graduate 
title of Master Secondary School Teacher, the require- 
ments being 8 hours of advanced education and 12 to 24 
hours in major specialization area and 12 or less hours 
in minor specialization area. Perhaps this could be 
more satisfactorily used as a prerequisite to chemistry 
teaching, rather than an afterthought. 

Second. How many high-school chemistry teachers 
are there in your state? You would be surprised if 
you are not familiar with this situation. In our state, 
Indiana, there are not very many; less than 60 out of 
23,000 teachers. Most of them double up with other 
science, mathematics, social studies, coaching, home 
economics, etc. 

These teachers have multiple jobs and as such divide 
their interest and ability and put their chief emphasis on 
the thing they like best. We had in our city, for ex- 
ample, a general science teacher who taught the ten 
commandments during this course. Although I have 
nothing but respect for the laws of Moses and recognize 
the need for some emphasis on these ideals, I seriously 
doubt if they have a place in the science curriculum. 
Recognition, perhaps, but not study. Naturally the 
students from that school were not chemistry-minded 
or even interested in science. This teacher did,a very 


fine job, however, in another field. 
Third. How long has it been since you spent a day 
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in high school? The odds are great that there have 
been some changes since you were there; perhaps they 
were for the best. But the chemistry teacher, like 
every other high-school teacher, has a multitude of 
jobs. He is perhaps a paper grader, a traffic cop, a 
social arbiter, a ticket seller or perhaps taker, a study- 
hall policeman, a stamp salesman, a newspaper or year- 
book sponsor, a class sponsor, a theatrical producer, a 
band leader, a baton-twirling teacher, a truant officer, a 
guidance specialist, an employment agent, and a com- 
mitteeman for Honor Society, Hi-Y, or something else. 

Of course all these require time and the chemistry 
teacher is indeed fortunate if he has more than one free 
period during a six- or eight-period day. He does not 
have very much time to prepare his lecture or labora- 
tory during or after school because of his many duties. 
I ran across these lines in the Syracuse Bulletin that 
summarize the requirements for a good high-school 
chemistry teacher with these problems: “The educa- 
tion of a college president, the executive ability of a 
financier, the humility of a deacon, the adaptability of 
a chameleon, the hope of an optimist, the courage of a 
hero, the gentleness of a dove, the patience of Job, the 
grace of God, and the persistence of the devil.”’ 

Fourth. The problem of equipment alone is sufficient 
for a long paper. In my state, in 1948, I have seen 
this sort of a range: at one extreme, a room in which 
the seats consisted: of boards laid across drain-tile, 
and a couple of boards nailed together for a desk, and 
NO equipment; at the other extreme, a school with 
six full-time chemistry teachers giving some quantita- 
tive analysis, with students using chainomatic balances. 

Some teachers can and will develop their own equip- 
ment from odds and ends, and some of it will be better 
than supply-house apparatus, but others with all the 
extra jobs cannot or will not do it. 

Fifth. The problem of the chemistry teacher’s im- 
provement for his own good, and for that of the stu- 
dents, is an important one to consider. The future of 
good high-school chemistry, as well as the possibility 
of coordinating the high-school with college work, lies 
in improvement of the high-school chemistry teacher’s 
situation. 

Numerous organizations can coytribute much to- 
ward improvement. In Indiana before 1941 we had an 
alphabetical organization, the I.H.S.C.T.A., the In- 
diana High School Chemistry Teachers’ Association, 
which had two-day annual meetings. We discussed 
and attempted to solve our mutual problems, had 
speakers from colleges and industry, and made visits to 
various chemical industries to remind us of the chemist’s 
contributions. But there were less than fifty regular 
attendants. Since the war they have merged with the 
physics teachers to have enough to justify their exist- 
ence. 

Are these indications that high-school chemistry is 
slipping in Indiana? I don’t think so. These are 
just reminders that there are too many other problems 
before the teacher. 

(Continued on page 28h) 
224 





i 
{ 
{ 
+f 
+ 
4 
? 
ty 
j 
Bi 
Be 
of 
i 
; 
A 


« REMARKS ON THE THEORY OF 
CAPILLARITY 


I wish to comment on two criticisms of the usual 
theory of capillarity which may confuse the teacher. 


SURFACE TENSION AND SURFACE ENERGY 


The first criticism is not new but is worth discussing 
because it has not yet died a natural death. It was 
clearly expressed, e. g., by N. K. Adam (1) and may be 
briefly reproduced as follows: 

Transfer of a molecule from the interior of a liquid 
into its surface requires work. When a liquid surface is 
expanded by the experimenter additional molecules 
must be transferred from the interior into the surface, 
and the experimenter must expend work for this proc- 
ess. This work remains in the surface as the free sur- 
face energy which can be recovered as work by allow- 
ing the surface to contract again. The free surface 
energy is the real physical quantity. On the con- 
trary, surface tension is nothing but a mathematical 
device as there is no skin whatsoever on liquid surfaces, 
especially no skin having a tendency to contract. 
Therefore, capillary effects should be described in terms 
of surface energy rather than in those of surface ten- 
sion. 

The fallacy of this conclusion can be shown by re- 
ferring, e. g., to the elastic properties of rubber. Ac- 
cording to the present theory of this property (2), the 
essential effect of stretching a rubber membrane is 
placing rubber molecules in a less probable shape and a 
less probable position. Because the final state is in- 
trinsically less probable than the original state, the en- 
tropy of the system decreases during the process. Ex- 
periment shows that the internal energy of the system 
does not vary, at least, at a first approximation. The 
free energy, which is the difference between internal 
energy and entropy times temperature, consequently 
increases.1_ Hence, work must be performed to stretch 
a rubber membrane. This work and the increase in 
free energy which it compensates, are “real,’”’ but the 
tension of the stretched membrane isnot more “real”’ 
than the tension of a liquid surface. In the latter in- 
stance, experimenter performs work to transport mole- 
cules into an unfavorable region, and in the former in- 
stance, to deform and to orientate molecules. If we 
frown upon surface tension, then the tension of a 
stretched rubber membrane also is nothing but a 
mathematical device. Moreover, the expression ‘‘rub- 





1 If U is the internal energy, F the Helmholtz free energy, S 
the entropy, and 7' the temperature of the system, F = U — TS. 
If, at constant U and T’,, S decreases, F must increase. 


J. J. BIKERMAN 
Research Laboratories of Merck & Co., Inc., 
Rahway, New Jersey 


ber membrane’”’ is but a shorthand term for the system 
of entangled molecules in different states of deformation, 
orientation, etc., which is “the reality.”’ 

It is easy to “prove’’ in a similar manner that there is 
adsorption and desorption of gas molecules, but no gas 
pressure, etc. 

The error of the above “‘proofs’’ seems to lie in con- 
fusing experimental (or mechanical) and theoretical 
(or molecular) viewpoints. For an experimenter, sur- 
face tension is just as real as the tension of a rubber 
membrane. When, in a tensiometer test, the ring lifts 
the surface of the liquid or, in Wilhelmy’s method, a 
vertical glass slide is being pulled into the liquid, the 
mechanical effects are too similar to those of a stretched 
membrane to be accounted for in a totally different way. 
The pressure difference between the concave and convex 
sides of a stretched rubber membrane is connected with 
the tension of the membrane in the same manner as the 
corresponding pressure difference across a meniscus is 
connected with surface tension. This similarity may 
conveniently be used for introducing the notion of sur- 
face tension (3). 


SURFACE TENSION AND MOLECULAR ATTRACTION 


My first remark concerned attempts to build the 
theory of capillarity on Laplace’s idea of molecular at- 
traction, to the exclusion of the notion of surface ten- 
sion. My second remark deals with a recent move in 
the opposite direction, namely with the criticism of 
Laplace’s hypothesis by L. W. McKeehan (4). 

The argument runs briefly as follows: according to 
Laplace, a molecule deep in the liquid is attracted with 
an equal force in different directions, 7. e., is not sub- 
jected to any resultant force, whereas a molecule in the 
surface is attracted by the (dense) liquid more than by 
the (rarefied) vapor so that there is a resultant force 
on the surface molecule directed into the liquid. How- 
ever, the second law of mechanics requires a particle 
subjected to a resultant force to move in the direction 
of the force with a constant acceleration. As surface 
molecules do not shoot into the liquid, ‘‘an unwary stu- 
dent (or teacher) is likely to conclude that the unsym- 
metrical set of attractions” postulated by Laplace 
“has to be balanced by a special—and unpictured— 
repulsive force, normal to the surface. . . .” This 
may lead to the idea that the surface layer, caught be- 
tween the forces toward the liquid and toward the 
vapor, “must be compressed normally and extended 
laterally,’’ z. e., to a wholly false conclusion. 
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Also in this instance the misunderstanding seems to be 
due to looking at a physical system through one me- 
chanical and one molecular glass. Laplace (5) was quite 
clear as to the nature of the repulsive force which pre- 
vents surface molecules from flying into the liquid. 
In his vocabulary it was la force repulsive de la chaleur; 
we now speak of molecular movement. If the student 
(or teacher) remembers that the density of a liquid is 
determined by competition between molecular attrac- 
tion and molecular movement and that molecular at- 
traction is smaller the nearer to the surface is the mole- 
cule, he will readily apprehend that the surface layer is 
less dense than the liquid. A quantitative statement on 
this density difference will be possible when we know 
more about intermolecular forces. I could not find in 
the two memoirs by Laplace (4, 6) any definite com- 
parison between the structure of surface layers and that 
of the atmosphere, but I think this comparison would be 
helpful in teaching Laplace’s views. 


In my recent book (7), I used both the notion of sur- 
face tension and the theory of molecular attraction. 
The above remarks may serve as defense of my treat- 
ment. 


LITERATURE CITED 


(1) Apa, N. K., “The physics and Chemistry of Surfaces,” 1st 
ed., Oxford University Press, 1930, p. 3. 

(2) Guru, E., H. M. James, anp H. Mark, Advances in Colloid 
Sct., 2, 253 (1946). 

(3) Toman, R. C., J. Chem. Phys., 16, 758 (1948). 

(4) McKeenay, L. W., Am. J. Physics, 16, 187 (1948). 

(5) Lapuacs, P.S., “Supplément 4 la théorie de!’ action capillaire,” 
Paris, 1807, p.69. (This is the 2nd Supplément au dixiéme 
livre du Traité de mécanique céleste). 

(6) Laptaceg, P. S., “Théorie de l’action capillaire,”’ Paris, 1806. 
(This is the first supplement to the book mentioned in 


(7) BIKERMAN, J. J., “Surface Chemistry for Industrial Re- 
search,’’ Academic Press, Inc., New York, 1947. 


SOME PECULIAR TEACHING PROBLEMS 
(Continued from page beg) 


So far no consideration has been given to the salary 
situation, but I believe we can summarize it by saying 
that it is improving. 


How many high-school teachers take the JouRNAL. 


or CHEMICAL Epucation? How many high-school 
teachers belong to the A. C.S.? How many take other 
journals as Chemical and Engineering News, Industrial 
and Engineering Chemistry, Chemical Engineering, or 
Chemistry? I have two letters I would like to quote in 
part. Mr. Paul H. Fall, Secretary of the Division of 
Chemical Education of the American Chemical Society 
states: “Unfortunately I have not the slightest idea of 
the number of high-school teachers who belong to the 
A. C. 8. If I had to make an estimate I would say 
that it is less than one hundred and probably consider- 
ably less. I base this on the membership in our Di- 
vision. There are less than six in number of high-school 
teachers that are members of the Division and I should 
judge that if a high-school teacher is sufficiently in- 
terested to become a member of the American Chemical 
Society he would probably become a member of our 
Division, though that is not a foregone conclusion. 
Nevertheless, after counting up the number of high- 
school teachers in our Division I am questioning 
whether there could even be a dozen high-school 
teachers who belong to the American Chemical So- 
ciety.”” Mr. Alden H. Emery, Executive Secretary of 
the American Chemical Society, says, ‘‘All I can say is 
that very few high-school teachers of chemistry belong 
to this organization although some are extremely ac- 
tive members.”” Perhaps we are too high brow, or 
perhaps the Division of Chemical Education does not 


appeal to them for various reasons. But they need 
help, they need guidance, they need our assistance. 

As my sixth item, I offer some aids that we can give 
the high-school chemistry teacher; aids that will work 
to our mutual benefit. 

(a) Require higher standards for high-school chem- 
istry and science work. This is not a short-term proj- 
ect, I realize, but almost all high-school curricula are 
guided by the college entrance requirements. Try to 
stiffen them. 

(b) Make it tougher to get a teaching license for 
chemistry. How? Well, the old saying “if you can’t 
beat ‘em, join ‘em,’ will work. Some of you are on 
school boards; others could be, and could do much if 
they only would. Much of our present situation has 
just happened, because no one wag interested enough 
or willing to spend some time working out solutions to 
these problems. The education specialists have very 
definite requirements that they have forced upon the 
teachers of every state. 

(c) Finally, do more for the high-school teacher, 
both as a division and as local sections. Our fairly 
new local section has just instituted some aids for 
the teachers in our vicinity and as past chairman I 
have had enough personal thanks and letters to know 
that our small efforts are bearing fruit. We all could 
do much more. 

In conclusion, let me repeat that before we can satis- 
factorily correlate our college general chemistry with 
the ordinary high-school chemistry course we must 


‘help the teachers remove some of the obstacles that 


they face. 





AN IMPROVED APPARATUS FOR THE DISTILLATION 


OF MISCIBLE BINARY LIQUID SYSTEMS 


F. F. MIKUS 
Michigan College of Mining and Technology, Houghton, Michigan 


An apparatus for the study of the boiling point- 
composition relationships of miscible liquid systems 
similar to that illustrated by Daniels, Mathews, and 
Williams! has been used in our physical chemistry 
laboratory sections. The results obtained for the 
benzene-methanol system were very good. In student 
usage, however, the breakage was high; most of the 
casualties involved the side arm of the distilling flask. 
Repairs were difficult to make if the break was at or 
near the pocket used for collecting the samples of the 
distillate. 

A modification (Figure 1) of the apparatus of Daniels, 
Mathews, and Williams was designed. The apparatus 
is sturdy, easy to construct, simple to operate, and 
meets all the requirements set forth by Collins, Morri- 
son, and Stone.? It has been used in the physical 
chemistry laboratory sections for the past year with no 
breakage and with results comparable with those of the 
apparatus used previously. 

A 200-ml. two-necked round-bottomed flask is used 
as the distilling vessel. A 15- X 150-mm. Pyrex test 
tube (C) is cut down to 80 mm. In assembling the 
apparatus, side arms B and D are sealed to the test 
tube at the angles shown in the figure, and B is then 
sealed to the flask. A short condenser is connected to 
the test tube by means of a cork. The heating coil, 
made of eight inches of No. 22 Chromel A resistance 
wire, is soldered to No. 14 copper leads which pass 
through the cork of the center neck. The current is 
supplied by a variable transformer operating from the 
110-volt line. A six-volt battery and a rheostat may 
also be used. A 0°-110°C. thermometer, graduated in 
0.1°, with its bulb immersed in the liquid is used to ob- 
tain the equilibrium temperature. An all-glass appara- 
tus can be made by replacing the corks with ground- 


1 DaniELs, F., J. H. MatHews, AND J. W. Wixu1AMs, ‘‘Experi- 
mental Physical Chemistry,” McGraw-Hill Book Co., Inc., New 
York, 1941, p. 80. 

2 Couns, E. M., J. O. Morrison, anp J. R. Stones, “Appara- 
tus for determination of boiling point-composition curves of mis- 
cible liquid pairs,” J. Comm. Epuc., 10, 749 (1933). 


















































Figure 1 


glass stoppers and a ground-glass condenser and sealing 
the leads into the center stopper, which has a ground- 
glass joint for the thermometer. 

During the operation of the apparatus, samples of the 
residue are removed through neck A and samples of the 
distillate are removed from the cup through the side 
arm D by means of a pipet. Removal of the center 
cork with the heating coil and thermometer is not 
necessary. 
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bs 2 sn 4 5 6 7 8 9 
University of Detroit ?Ga =1050-1150 9 1/, —-T-—F Sept. DGS—May 
Detroit, Michigan 
Harvard University 30TF 1500 16 -T-—F _ Sept HDC 
Cambridge, Massachusetts 12F 400-1800 0 v = 
1F 3500 0 ie . 
Iowa State College 7TF 720 9 12 —F Sept. HDCE These fF appointments 
Ames, Iowa 5RF 720 9 12 Bs . he are in chemical engi- 
8RA 1125 9 22 “ os " neering 
1RF 1200-1800 9 0 _ - ‘ 
State University of Iowa 38TA 100 m 9 12 al Sept HDC—Mar. 1 
Iowa City, Iowa 
Lehigh University ?A 1000 9 1/4 TF Sept HDC—Mar. 1 
Bethlehem, Pennsylvania ?A 800 9 1/3 s - vs _ For GI’s 
Massachusetts Institute of 2S 0 9 0 al HDC W pref.; R 
Technology ?TF 700 9 ? = . 
Cambridge, Massachusetts ?RA 700 9 ? T “fe 
1F 800 9 0 —T “ W pref.; R 
iF 1000 9 0 fs ee 
1F 1200 9 0 T uf R 
1F 1200 9 0 - : After lst year; R 
4F 1200 9 0 F s 
2F 1200* 9 0 Hi nS *1800 if married 
1F 1200 9 0 —T i D, last year 
1F 1200* 9 0 fy ee *D; 1800 if married 
1F 1250 9 0 _ - 
1F 1440 12 0 a os 
1F 1500 9 0 —T be R 
2F 1800 9 0 —T sb D 
1F 1900 9 0 —-T “ R 
1F 3000 12 0 - PD 
Middlebury College 2A 750 9 \: TF Sept. HDC 
Middlebury, Vermont 
, KEY TO THE TABLE 
in 
oa Unless otherwise stated the positions listed in the table are 5. Maximum hours per week of teaching or other service re- 
, available only to those who can qualify for admission to the gradu- quired. Fractions indicate “proportion of time” ex- 
ate school of the particular institution. pected for such service. 
f the Omissions in the table occur when the information is lacking; 6. Status of tuition, etc. T and F indicate that tuition and 
f the question marks indicate ambiguity or uncertainty. fees are remitted. —T (or —F) indicates that tuition 
side It should be realized that some institutions have not an- (or fees) must be paid out of the stipend. S indicates 
nounced all their fellowships, some of which may be available that additional amounts are provided for supplies. 
onter only to their own students. 7. Date when appointment takes effect (generally with the 
not The columns in the table are used as follows: beginning of the next academic year). 
1. Name and address of the institution. 8. Address for additional information or for making applica- 
2. Number and designation of positions. S = scholarship; tion. HDC = head of chemistry department; DGS = 
A = assistantship; F = fellowship; T = teaching; dean of graduate school.. A date indicates the closing + 
R = research; G = general, open to students in other of applications. 
fields than chemistry or chemical engineering. 9. Supplemental remarks. Special qualifications and limita- 


3. Stipend, in dollars per year, unless otherwise stated (m = 
per month; s = per semester; h = per hour). 

4. Length of appointment or service in months. If not 
stated, the “academic year’ (9 months) is assumed. 
Ss = semester. 


‘ 


tions are given here. R indicates that the field of the 
appointment (or of the research to be carried out) is 
restricted, and the limitation may be indicated. M = 
limited to men; W = limited to women; D = for 
Ph.D. candidates only; PD = postdoctoral. 
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1 2 8 4 § 6 8 9 
University of Minnesota 97TA 900 9 12 T Sept. HDC 
Minneapolis, Minnesota 2F 1200 9 0 ” “ . ‘ 
3F 1200* 9 0 2 : e a if married 
1F 1200 9 0 i rganic 
1F 1200* 9 0 ety nS s *1800 if married 
° tNot over 500, R, or- 
ganic 
1F 1200* 9 0 a es ef *1800 if married 
2F —- 1200 9 0 “ ee Re ~_ 300 
Vi 
1F —1200* 9 oO “ft a « *1800 if married 
1F 1200 9 0 . IN ot poco OP 
ce ce ‘cc ot over 
1F 1000 9 0 ed sf - *Not over 200 
1F 3000 9 0 _ 43 PD 
University of Missouri 10GS 350 9 0 —F Sept. DGS 
Columbia, Missouri 2RF 1200 9 0 as 4 HDC a 
25TA 750* 9 15 m . + *Minimum for Ist year; 
maximum 1000 
New York University ?TF 1200 9 15° Tt Sept. HDC *Total of teaching and 
New York, New York paper work. 
+3/4ths 
University of Notre Dame 15TF 700-1000 9 12 TF Sept. HDC—Mar. 15 M 
Notre Dame, Indiana 10F 1000-1200 9-11 0 sh ; . " M 
Oklahoma A and M College 10TF 900 9 15 F Sept. HDC 
Stillwater, Oklahoma 4TF 1050 9 15 " i: 4 
4TF 1200 9 20 . - 
1TF 1200 9 15 " re as D 
4TF 1350 9 20 e 4 
IRF 1080 9 20 sii oe 93 R 
5RA 100m 11 20 " is * *HD of agr. chem, 
research 
University of Oklahoma ?A 810 9 18 T!/.F Sept. HDC 
Norman, Oklahoma 2A 1020 9 18 “ si After M.S. degree 
University of Oregon 1TF 900 9 12 Tt Sept. HDC *No services except 
Eugene, Oregon 5TA 810 9 12 t 2 ™ toward thesis 
5TA 780 9 12 Ff “ “ 
1TA 405 9 6 + as a fAll tuition and fees 
2TA 390 9 6 tT a remitted except42.50 
2RF 1440 12 ¥ t ae sf a year; no charges 
1RF 1820 12 + 2 *e breakage 
im @ os wf : : eer 
IRF 600 2 Se “ « 
1RA 4800 12 Full f¢ as af isles “et appoint- 
time ment. o tees or 
1RA 46500 12 Full ft as tuition 
time 
1RA 3900 12 Full ¢ “ “ 
time 
University of Pittsburgh A 1000 9 16 TF Sept. HDC 
Pittsburgh, Pennsylvania 
University of Vermont and State 3A 900* 9 14 T Sept. HDC *1000 2nd year 
Agricultural College 
Burlington, Vermont 
ag er of potas 380A 1000 10. 16° ‘TF Sept. DGS—Mar.1 *8 “re year; s to 4 
ochester, New Yor in 3rd year. 
15Ft  1000-200010 04 TF a “ “  fFor 2nd and 3rd year 
students only. 
3F 3500-4000 11 0 TF “ af ee PD. 
vey of Southern Cali- 25GTA 800-1000 9 20 TFS Sept. or Feb. HDC TA a RA ered wt 
ornia able at pro sal- 
Los Angeles, California 12RF 1200-1500 9 0 8S — TF 4 
12RA 1800 12 1/,* S — TF 5 *Research 
8RTD 3200-3400 9 t 8 " T?/e teaching + 3/2 re- 
search 
University of Utah 20TF 750 9 14 -—TS Sept. HDC PD 
Salt Lake City, Utah 5TF 800 9 0 -—TS sh PD 
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Rensselaer Polytechnic Institute a 1200 oe TFS Sept. HDC 
Troy, New York 600 9 6 a . 
108 600 9 0 ng is ss 
2R 1800 11 0 TFS July or Aug.  “ R 
Vassar College 2A 900 a FF HDC 
Poughkeepsie, New York ‘ 
Virginia Polytechnic Institute 50GF 660 12 Ys TF Sept. DGS 
Blacksburg, Virginia 
State College of Washington 20TA 1200-1500 9 18 TS* Sept. HDC *Nonresident — tuition 
Pullman, Washington ?RF 1200-1500 9 0 TS* . sy remitted. Resident 
. tuition nominal 
University of Wichita 7A 750 9 15 + Sept. HDC—Apr.1 ‘*Same tuition as resi- 
Wichita, Kansas dents of Kansas 
1F* 1000 0. 0 TF * HDC—Aug. 1 tAs described on page 


290, May (1948) is- 
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SPECIAL ANNOUNCEMENTS 


Information Not Covered in the Main Table 


Lehigh University. Graduate students are also em- 
ployed on a part-time basis as research assistants on 
investigations supported by various organizations and 
agencies through the Lehigh Institute of Research. 
The monthly stipend varies from $75 to $150, depend- 
ing on the qualifications of the appointee and the time 
assigned to the project. Address inquiries to Head of 
the Department of Chemistry. 

University of Oklahoma. Research fellows are nor- 
mally selected from graduate students who have served 
one year as graduate assistants. 

The Institute of Gas Technology is prepared to grant 
four-year fellowships leading to the degree of Doctor of 
Philosophy. Two-year fellowships leading to the de- 
gree of Master of Gas Technology are available. 

The purpose of these grants is to train a selected 
group at the graduate level for employment in the gas 
industry as research, technical, and administrative 
assistants. 

Only duly appointed fellows may engage in the Insti- 
tute’s training program which requires full-time study. 
All fellows are also enrolled in and will receive their 
degrees from the Graduate School of Illinois Institute of 
Technology with which the Institute of Gas Technology 
is affiliated. 

In addition to freedom from tuition, fellows will re- 
ceive a graduated stipend beginning at $125 per month 
for 10 months. Living accommodations may be re- 
served in the newly constructed graduate dormitories 
adjacent to the campus. Room and board in Chicago 
is currently about $75 per month. 

Veterans should make application for letters of 


Fra 


eligibility to the Veterans Administration designating 
the Graduate School of Illinois Institute of Technology. 
Educational benefits received by the fellow will not re- 
duce his stipend from the Institute of Gas Technology. 
Tuition and fees not paid for as an educational benefit 
will be provided by the Institute of Gas Technology. 
The fellowship stipend is nontaxable. Apply to The 
Director, Institute of Gas Technology, Technology 
Center, Chicago 16, Illinois. 

Bryn Mawr College. Five resident scholarships of 
$1150 each are offered in 1949-50 to qualified foreign 
students. A supplementary award of $500 has been 
granted by The English-Speaking Union to the British 
recipient of one of these scholarships. Graduate stu- 
dents in chemistry are eligible for these awards. 

Oberlin College. The Charles M. Hall Research 
Instructorship is a research instructorship in chemistry 
for a man or woman with a Ph.D. degree or correspond- 
ing experience. Holders of this instructorship who wish 
to gain teaching experience may spend up to one-fourth 
of their time teaching within the department. The re- 
maining time is spent on research, usually in coopera- 
tion with a permanent member of the department. 

Harvard University. Teaching fellowships are also 
awarded in less than the usual amounts for shorter hours 
of work. In case$ of special need a nonteaching fel- 
lowship is added to a $750 quarter-time teaching fel- 
lowship. Some of the nonteaching fellowships provide 
additional funds to the payment of tuition and labora- 
tory fees. Both the teaching and most of the nonteach- 
ing. fellowships are open to the incoming first-year 
graduate students. 
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@ Refresher Courses for Science Teachers 


Recognition of the need of science teachers to keep 
abreast with advances in science is manifested by the 
opportunities that are being presented for them to take 
refresher courses. The REPORT takes pleasure in call- 
ing attention to the Atomic Energy Workshop held in 
Boston during the 1948 Christmas holidays, the con- 
tinuation of the General Electric Fellowships at Union 
College and at Case Institute of Technology, and the 
new Massachusetts Institute of Technology Science 
Teachers Fellowships that have just been announced. 
A shorter but thoroughly worth-while opportunity is 
presented by the New England Association of Chem- 
istry Teachers in its Eleventh Annual Summer Con- 


ference. 


e A New England Workshop of Atomic Energy’ 


A four-day workshop on atomic energy for teachers in 
the secondary schools of New England was held in 
Boston at the American Academy of Arts and Science 
from December 27 to 30, 1948, under the auspices of the 
New England School Science Council. The session was 
intended as the start of an educational chain-reaction 
which would bring before all teachers of the region the 
new and important topic of atomic energy. Major em- 
phasis was put on the scientific information available 
about atomic energy with some consideration of the 
social implications. In the light of this knowledge 
representatives of the New England Association of 
Social Studies Teachers were invited to attend and 
did. 

To insure wide utilization of the information provided 
at this Christmas workshop, the Commissioners of 
Education of the six New England States were re- 
quested to -designate persons who would be used as 
instructors in summer sessions during 1949. The Super- 
intendent of the Diocesan Schools was requested to 
send representatives from the parochial schools. In 
addition, certain teachers from public and independent 
schools were invited to attend. Despite the fact that 
this session was scheduled during the brief Christmas 
holiday, fifty-five teachers, nearly all those invited, 
attended. 

Upon registration each teacher was given more than 
twenty scientific and nontechnical publications of con- 
tinuing value, contributed by the Atomic Energy 
Commission and by industries, and some that were 
purchased by the School Science Council. Approxi- 

1 Based on notes furnished by Professor Fletcher G. Watson, 


Harvard Graduate School of Education, Cambridge, Massachu- 
setts, and Director, New England School Science Council. 








mately one hundred additional books, periodicals, 
publications, and wall charts on atomic energy were 
made available for inspection and perusal in a reading 
room. Throughout the session a conscious effort was 
made to supplant unreasoned fear with knowledge on 
which a rational evaluation of the scientific and social 
implications of atomic weapons and atomic energy 
could be built. 

The four-day session was divided into two parts: 
(1) a summary of what is known about atomic nuclei, 
how this information came into being, and the general 
implications of thisnew energy source; and (2) the 
application of this information to the secondary-school 
classroom. Fortunately, the Boston area includes 
many highly qualified scientists who were willing to 
speak on these topics. 

On the second afternoon, the group was privileged to 
tour some of the laboratories at the Massachusetts 
Institute of Technology, to inspect the Van de Graff 
high-voltage generator, the cyclotron, the high-voltage 
laboratory, the synchrotron, and a laboratory used to 
study radioisotope tracers. Professor Charles D. 
Coryell, M.I.T., spoke in the evening on the social 
implications of atomic energy and provoked a spirited 
discussion. 

In the second part of the session, Mr. Salisbury made 
clear that the Atomic Energy Commission does not 
have “an education program all laid out for the schools” 
and will not attempt to prescribe what should be 
taught. Responsibility for designing the instructional 
program remains with the schools and educational 
groups. The A.E.C. will, however, supply information 
and assistance in so far as the limitations of national 
security and congressional authorization permit. 

Mr. Vinton R. Rawson, White Plains High School, 
‘White Plains, New York, told of his program and how 
he developed basic understandings in his chemistry 
classes. Miss Brenda Lansdowne from the Dalton 
School, New York City, described the methods she 
used when discussing atomic energy with grades be- 
tween 7 and 12. Out of the ensuing discussion grew two 
tentative lists of objectives: one for all students, and a 
more detailed one for science teachers. 

The final sessions dealt with the very practical 
problem of laboratory and demonstration work and 
equipment. A representative of Tracerlabs, Inc., 
Boston, gave an interesting discussion of their new 
demonstration Geiger-counter equipment. Dr. A. E. 
Navez of the Milton Academy summarized the four 
major methods for detecting radioactive disintegrations 
with descriptions of the apparatus and its source or 
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method of construction. Since first-hand contact with 
the basic experiments is essential to any adequate un- 
derstanding of what is known and how it came to be 
known, a laboratory booklet describing these experi- 
ments will be prepared for distribution. 

This session was recognized as being only a starter. 
To insure the consolidation of cooperative experience, a 
large and representative committee of teachers, with 
Francis W. McCarthy, Harvard Graduate School of 
Education, as chairman, was appointed to explore ways 
and means of planning instruction on atomic energy 
throughout the entire school program. A committee 
was also appointed to investigate the local production 
of film strips and to cooperate with any group making 
new films. Professor Russell Meinhold, Rhode Island 
College of Education, is chairman. 

The workshop was financed through the modest 
funds of the New England School Science Council, with 
generous support of the Atomic Energy Commission, 
the Massachusetts Institute of Technology, and the 
Harvard Graduate School of Education. The six Com- 
missioners of Education in cooperation with represen- 
tative teachers from the public, parochial, and indepen- 
dent schools assist in planning the program and carry- 
ing it through. 

The New England School Science council was or- 
ganized in 1947, under the auspices of the American 
Academy of Arts and Sciences with the cooperation 
of the Boston Museum of Science, to encourage in every 
way possible the teaching of science in schools. 

The first major project was the stimulation of local 
science fairs previously held with notable success in a 
few places. In 1948 over 30 local fairs were held. In 
1949, through the activities of a large committee con- 
sisting mainly of teachers, probably at least 60 fairs 
will be held. Winners from these local fairs come to a 
two-day School Science Contest held at the American 
Academy in April. Colleges throughout the region are 
cooperating in this search for potential science talent 
by awarding scholarships to outstanding students. 
Furthermore, the School Science Council is now the 
New England representative for the nation-wide Science 
Talent Search held annually by Science Service. The 
New England Council, the School of Education of 
Boston University, and the Harvard Graduate. School 

of Education are cooperating with the Academy and 
the Museum to increase the effectiveness of this widen- 
ing school science program. 

Unusual study opportunities for 100 secondary- 
school science teachers in 19 northeastern states and the 
District of Columbia, under six-week, all-expense 
General Electric Science Fellowships, have been an- 
nounced for the summer of 1949 by Union College in 
Schenectady and Case Institute of Technology in 
Cleveland, Ohio. The General Electric fellowship 


program has already been carried on for four summers 
at Union and for two summers at Case. Each college 
will accommodate 50 Fellows equally divided between 
science teachers preferring to study chemistry and 
physics. 


The special courses, designed to bring the 
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Fellows information concerning latest advances in 
chemistry and physics, will be conducted by the college 
faculties in cooperation with scientific staffs of the 
General Electric Company. 

The fifth annual session at Union will be conducted 
from July 2 to August 13 and is open to teachers from 
New England, New York, Pennsylvania, New Jersey, 
Delaware, Maryland, Virginia, and the District of 
Columbia. The third annual session at Case will be 
conducted from June 27 to August 5 for teachers from 
Ohio, West Virginia, Kentucky, Indiana, Illinois, 
Wisconsin, Michigan, and western Pennsylvania. In- 
quiries should be directed to the Secretary, Committee 
on General Electric Fellowships, Physics Laboratory, 
Union College, Schenectady, New York, or to Dr. Elmer 
Hutchison, Dean, Case Institute of Technology, Cleve- 
land, Ohio. 


® M.I.T. Summer Program for Sciences Teachers’ 


The Massachusetts Institute of Technology will 
offer fifty fellowships for a six-week program during the 
summer of 1949 for teachers in secondary schools who 
want a refresher course to bring them abreast of ad- 
vances in science. This program is made possible by a 
grant of $62,500 from the Westinghouse Educational 
Foundation which will provide for fifty M.I.T. Science 
Teachers Fellowships of $250 each, to be awarded to 
qualified secondary school science teachers of New 
England and New York State, each summer for the 
next five years. Physics, chemistry, and mathematics 
in a combined lecture sequence will comprise one part 
of the fellowship program. The second part will cover 
general science, including recent developments in the 
fields of physics, chemistry, biology, meteorology, 
geology, and aeronautical engineering. The program 
will begin with registration on Monday, July 11, and 
continue through August 19. 

Subjects to be discussed will be cosmic rays, nuclear 
physics, high energy accelerators, radioactive tracers, 
large molecules, application of electronics to problems 
in biology, artificial stimulation of rain, determining the 
age of rocks by radioactivity, and problems of super- 
sonic flight. In addition to formal lectures, and labora- 
tory illustration, teachers will have an opportunity to 
inspect the cyclotron and synchrotron at M.I.T., the 
Van de Graaff electrostatic generator, the acoustics 
laboratory, the spectroscopy laboratory, biology labora- 
tory, differential analyzer, and the subsonic and super- 
sonic wind tunnels used for aircraft research. 

To achieve the greatest degree of informality and 
teacher participation, frequent meetings will be held for 
general discussion of problems and methods of teaching 
science to boys and girls of high-school age. On the 
recreational side, libraries, dining rooms, and sports, 
swimming in the Institute’s pool, and sailing facilities 
on the Charles River Basin as well as sight-seeing ex- 
cursions will be available to the Fellows. 





2 Based on notes furnished by Professor Francis W. Sears, 
Chairman, Summer Program for Science Teachers Committee, 
Department of Physics, M.I.T., Cambridge, Massachusetts. 
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a A HUNDRED YEARS OF CHEMISTRY 


Alexander Findlay, Emeritus Professor of Chemistry at the 
University of Aberdeen. Second edition. Gerald Duckworth, 
London; The Macmillan Company, New York, 1948. 318 pp. 
ll figs. 14.5 X 22.5cm. $4.50. 


TueEsecond edition of Findlay’ssurvey follows the first (reviewed 
in J. Cuem. Epuc., 15, 50 (1938)) closely, but brings the story of 
chemical development down to the discovery of plutonium and 
neptunium. The most recent discoveries and ideas of chemistry 
are integrated into the whole, and their present position is shown 
to be an outcome of earlier developments. 

The book is of great value for a number of reasons. Asa history 
of chemistry for its period, it is remarkably complete. The events 
prior to the nineteenth century are briefly summarized in an in- 
troductory chapter, and the discoveries and theories of all 
branches of chemistry are then traced in detail down to the pres- 
ent. References are given to all the classic papers, and brief 
biographical sketches of sixty-eight leading chemists (including, 
now, the American, G. N. Lewis) are found at the end of the 
book. This feature makes easily available much material which 
would otherwise be difficult to obtain, unless the facilities of a 
large library were at hand. 

Unlike most historical books, the present volume draws no 
sharp distinction between the past and the present. Physical and 
organic chemistry, radiochemistry, and the chemical industry are 
considered as living branches of one science, and their interrela- 
tions and divergences are made clear. In this respect the book 
should be of great value to the graduate student preparing for his 
doctoral examinations. Seldom is the vast field of chemistry 
shown with such clarity. In the case of all recent developments 
of theory and technique, abundant references to review articles 
and books are given, so that knowledge of any particular subject 
can easily be expanded. 

The older chemist who has advanced in his specialized field to 
the point at which he does not keep abreast of developments in 
other branches is brought back by this book to a realization of the 
contributions of other specialists, and he will probably find sug- 
gestions which will help him in his own work. 

Any chemist can read this book with profit. Findlay is to be 
congratulated on his broad view of our too often rigidly com- 
partmented science. 


HENRY M. LEICESTER 
Couuecs or PuysiciaNs AND SURGEONS 
San Francisco, CALIFORNIA 


® THE CHEMICAL TECHNOLOGY OF DYEING AND 
PRINTING: VAT, SULFUR, INDIGOSOL, AZO AND CHROME 
DYESTUFFS AND THEIR AUXILIARIES 


Louis Diserens, Technical Director of Alsatian Print Works, 
Scheurer-Lauth & Co., Thann. Translated and revised from 
second German edition by Paul Wengraf and Herman P. 
Baumann, Reinhold Publishing Corp., New York, 1948. xxii + 
500 pp. 10 tables. 15 X 23cm. §$ll. 


Tue original book was published in French under the title, 
“‘Progres réalisés dans Vapplication des Matiéres Colorantes,”’ in 
Paris in 1937. Later a German edition was issued. In 1946 a 
considerable amount of new material was added to form the 
second German edition, a voluminous textbook, and it is the first 
part of this edition which has been translated (with revisions) 
into English. 

Dye technology has come a long way since the beginning of the 


century. Many of the original coal tar and vegetable dyestuffs, 
which, incidentally, were classified as acid, basic, direct, mordant, 
insoluble azo (8-naphthol), or vat, depending on how they were 
applied to the fabric, have become obsolete. The importance of 
the acid, basic, and direct dyestuff categories decreased while the 
vat, water-insoluble azo, and mordant groups became consider- 
ably expanded. 

Most of the book is concerned with the latter three classes of 
dyestuffs. In addition there are chapters devoted to two other 
classes, the sulfur colors and the indigosols. The sulfur dyestuffs 
are similar to vat colors in the respect that they are adsorbed by 
the textile fiber in the form of their colloidal leuco compound, but 
they resemble the substantive colors in so far as their fastness is 
improved by after-treatment with metal salts. The indigosols 
are vat dyestuffs which have been solubilized so that they can be 
applied to fibers without vatting. The information found in the 
book is very comprehensive and it should be valuable to anyone 
studying and working with textile colorants. 

Molecular constitution is given for the various dyestuffs of each 
category and notes concerning their syntheses are included. There 
is information which relates groups in the molecule, as well as the 
molecular structure itself, to color and its general fastness to soap- 
ing, chlorine, crocking, and light. .In the insoluble azo dyestuffs 
section, the great number of color possibilities obtainable through 
the formation of azo couplings on the fiber is brought out. 

All phases of the application of modern dyestuffs are treated in 
detail, comparisons being made frequently between colors in the 
same and in different dyestuff classifications. Many practical 
formulas and procedures are set forth. Much attention is paid to 
the various types of auxiliary compounds used in connection with 
dyeing and printing techniques on different fibers. These include 
mordants, surface-active agents, solvents, thickening agents, 
strippers, reducing agents, leveling agents, and developers. 

The book is abounding with literature and patent references. 
Comparisons of old and new dyestuffs, plus old and new pro- 
cedures of applying them, help make the subject interesting. 
They show the improvements in dyeing and printing technology 
as a result of painstaking research. 

The information is well indexed. Reading is easy and printing 
and binding are excellent. 


MAX BENDER 
New York UNIvViERsITY 
New Yor« City 


® UNDERWATER EXPLOSIONS 


Robert H. Cole, Head of Department of Chemistry, Brown Uni- 
versity. Princeton University Press, 1948. ix + 437 pp. 120 
figs. 2ltables. 16 X 24cm. $7.50. 


Tue author of this book was associated with the Underwater 
Explosives Research Laboratory, an organization established at 
Woods Hole, Massachusetts, by the Office of Scientific Research 
and Development. He has thus been in intimate contact with 
the results of research on underwater explosions carried out by 
many groups during the war years. 

The first chapter presents a qualitative description of the se- 
quence of events following an underwater explosion which serves 
to orient the reader and to provide an outline for the remainder 
of the book. There follows a review of the fundamental hydro- 
dynamics pertinent to the study and a review of the theory of the 
detonation process within the explosive charge. The theory of 
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the underwater shock wave is developed in detail and compared 
with the experiment. The oscillatory motion of the bubble of 
detonation products, the migration of the bubble due to its buoy- 
ancy, the effect on the bubble motion of neighboring surfaces, and 
the pressure pulses generated by the bubble motion are consid- 
ered at length. There are chapters on the measurement of tran- 
sient pressures and the application of optical methods to the study 
of underwater explosion phenomena. A brief description is given 
on the effects of an underwater explosion on the surface of the 
water, and brief consideration is given to the effects of pressure 
waves on the displacement and deformation of simple structures. 
In each section, there are numerous citations to the literature. 

The author states that the theoretical predictions and experi- 
mental data presented were selected primarily on a basis of funda- 
mental interest rather than military importance. On this basis 
the presentation was fortunately not unduly restricted by the 
requirements of military security. 

The author has performed with skill the difficult task of selec- 
tion and condensation necessary to cover his subject in a volume 
of a moderate size. Dr. Cole is to be congratulated for the prepa- 
ration of a lucid and authoritative treatise on an interesting field 
of hydrodynamics. 


BERNARD LEWIS 
Bureau or MINES 
PITTSBURGH, PENNSYLVANIA 


eo ° HALF-HOURS WITH GREAT SCIENTISTS. THE 
THE STORY OF PHYSICS 


Charles G. Frazer. Reinhold Publishing, Co., New York. Uni- 
versity of Toronto Press, Toronto, 1948. xx + 527 pp. 342 
figs. 15.5 X 23.5 cm. 


Ir was once remarked by a famous philosopher that “the 
history of the world without the history of science is like Poly- 
phemus without his eye.” While the historians of an earlier 
day consistently concerned themselves with politics, modern 
historical writers have at length come to realize that the dis- 
coveries of men like Faraday and Maxwell, Darwin and Pasteur 
have proved of far greater significance to modern civilization 
than the purely political movements of the time in which those 
scientists lived. The increasing professional attention to the 
history of science is gradually leading to a greater popular in- 
terest. The book under review is a worth-while contribution to 
this growing movement. 

In the preface the author says that the book has been written 
“in the hope of bringing some of the more important passages of 
the literature of science within the reach of everyone.” This 
provides the key to the writer’s method, which presents his in- 
terpretation of the most significant steps in the development of 
physics by means of direct quotations from appropriate writings 
of the discoverers and. pertinent comments on them. Such a 
scheme possesses both advantages and disadvantages. One may 
expect to get a more accurate account of a great scientist’s 
achievements by reading his own words than by reading the often 
garbled versions of his commentators. Moreover, the original 
version has a flavor characteristic of the peculiar genius of the 
author which is commonly lost in the paraphrase of a later genera- 
tion. At the same time it cannot be denied that it is often a 
difficult task to select passages from early writings which the 
modern general reader can fully grasp without more scientific 
background than he usually possesses. On the whole, the present 
author has made his selections wisely and with effectiveness. 

The material presented covers the history of mechanics, 
acoustics, optics, heat, electricity and magnetism in that order. 
The style is conversational and rather discursive with frequent 
digressions of a semiphilosophical character. There is much 
emphasis on the significance of the evolution of physical instru- 
mentation from the crude equipment of the ancients to the sophis- 
ticated apparatus of modern times. One misses, however, any 
organized treatment of the evolution of the nature of a scientific 
theory as exemplified by physics. Indeed, there is a rather in- 
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discriminate mixing of science and technology throughout the 
story. The meticulous physicist will note some errors of fact, 
e. g., the reference to the author of ‘‘De Magnete”’ as Sir William 
Gilbert, and some misleading or questionable statements, e. g., 
the erroneous interpretation of the acoustical experiment of the 
bell ringing in an evacuated jar. In general, however, the treat- 
ment appears reliable. 

The book is profusely illustrated with pictures and diagrams 
most of which are clear, though the portrait reproductions often 
leave much to be desired. The imaginary portraits of the philoso- 
phers of antiquity are of questionable value. 

Readers of this volume will undoubtedly be stimulated to 
delve further into the fascinating history of science. 


R. B. LINDSAY 
Brown UNIVERSITY 
ProvipENcE, Rxops Istanp 


Ee) ORGANIC REAGENTS USED IN GRAVIMETRIC 
AND VOLUMETRIC ANALYSIS. CHEMICAL 
ANALYSIS, VOL. IV. 


John F. Flagg, Research Laboratory, General Electric Co., 
Schenectady, New York. Interscience Publishers, New York, 
1948. xiv-+ 300 pp. Ilfigs. 3ltables. 16 X 23.5cm. $6. 


TuHE stated aim of the author in his preface is to deal with the 
use of organic reagents in gravimetric and volumetric analysis. 
This general objective appears to have been well achieved. 

Novel features of this book as compared with others in the 
field are a brief review of the kinds of evidence that are useful in 
the study of the structure of organometallic precipitates (Chapter 
II), a special chapter (III) on methods of separation, and de- 
tailed solubility product considerations. 

General ideas as to the chemical] nature of useful types of re- 
agents are presented in Chapter I, and the techniques are dis- 
cussed briefly in Chapter V. 

Chapters VI through XIX, pp. 95-281, deal in detail with the 
following reagents: Anthranilic Acid, a-Benzoinoxime, Cupferron, 
B-Naphthol, Picrolonic Acid, Precipitants for Anions, Quinal- 
dinic Acid, Salicylaldoxime, Tannin, Thionalide. A selection of 
reliable procedures and a good bibliography is given for each re- 
agent. 

Tables of drying temperatures of precipitates and conversion 
factors (p. 283), and of elements determined (pp. 284-285) are 
given. The latter table includes 47 of the chemical elements. 
Author and subject inches are given. 

As a whole this volume appears to be an interesting and useful 
addition to the literature of analytical chemistry. 


N. HOWELL FURMAN 
PRINCETON UNIVERSITY 
Princeton, Naw JERSEY 


* THE THEORY OF THE STABILITY OF 
LYOPHOBIC COLLOIDS 


E. J. W. Verwey and J. Th. G. Overbeek, Natuuerkundig Labo- 
ratorium N. V. Philips’ Gloeilampenfabrieken, Eindhoven 
(Netherlands), with the collaboration of K. Van Nes. Elsevier 
Publishing Co., Inc., New York, 1948. xi + 205 pp. 54 figs. 
22 tables. 16.55 X 24cm. $4.50. 


Tuts work is really a complete monograph on the theory of the 
interaction of sol particles having an electrical double layer. A 
good deal of the material presented is the result of work by the 
authors. The latter part of the book is devoted to a survey of a 
theory as yet unpublished by the authors themselves. In addi- 
tion they critically review the more important literature on the 
subjects of stability and interaction. 

Part I is devoted to the theory of the single double layer. In 
this section the distribution of electric. charge, the potential in 
the electrochemical double layer, and the free energy of the double 
layer system are all considered in some detail. 
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Part II concerns itself with the interaction of two parallel flat 
plates. In this section careful consideration is given to the 
charge, the potential, and the potential energy of such a system 
in interaction. In addition Van der Waals-London attractive 
forces are discussed and the total potential energy for the two- 
plate system is determined with proper corrections. 

Part III is devoted to the interactions of spherical colloidal 
particles. This.is followed by an appendix which summarizes 
the theoretical work on the stability of lyophobic colloids by pre- 
vious authors. 

This monograph is a real contribution to our knowledge of 
lyophobic colloidal systems. Workers in the field will find it to 
be an important and useful addition to the theoretical develop- 
ments of the subject. It is a book that merits careful study. 

The authors are to be congratulated on being able to carry on 
these theoretical investigations during the war and physical 
chemistry has gained much by their presentation in book form. 


L. H. REYERSON 


University OF MINNESOTA 
MINNEAPOLIS, MINNESOTA 


@ CHEMISTRY OF INSECTICIDES, FUNGICIDES AND 
HERBICIDES 


Donald E. H. Frear, Professor of Agricultural and Biological 
Chemistry, The Pennsylvania State College. Second edition. 
D. Van Nostrand Co., Inc., New York, 1948. x + 417 pp. 38 
figs. 15 tables. 15 X 23.5cm. $6. 


Tue first edition of this book, published in 1942, was entitled 
“Chemistry of Insecticides and Fungicides.” In the preface to 


the second edition the author states that “because of many re- 
quests, and because the subject is so closely allied to insecticides 
and fungicides, a chapter on herbicides has been appended.” In 


the second edition the book has been rearranged. Basic division 
of material according to biological function as insecticide, fungi- 
cide, or herbicide has been retained. However, in the treatment 
of insecticides, individual materials are classified according to 
chemical nature—inorganic, synthetic organic, and natural or- 
ganic—rather than according to biological function as stomach 
poisons or contact poisons. The chemical classification has been 
generally maintained in the treatment of fungicides and herbi- 
cides. The chapter on “Sulfur and Inorganic Sulfur Com- 
pounds” has been transferred from the section on insecticides to 
the section on fungicides. Due to the rearrangement and to the 
expansion of several chapters to bring them up to date, considera- 
ble rewriting was necessary. 

A chapter has been added on “DDT, Hexachlorocyclohexane 
and Chlordane.’’ The discussion of DDT is rather extensive. 
Considering the tremendous amount of interest shown in DDT 
since discovery of its insecticidal properties, the author is proba- 
bly within his rights, but this reviewer expezienced a sense of in- 
consistency with the general plan of the book when reading the 
section on DDT. 

The introduction of DDT has served to stimulate interest in 
organic insecticides. The author has recognized this by greatly 
expanding the treatment of organic insecticides. However, 
reference to the bibliography indicates that the book appears to 
be limited to a discussion of the more important materials intro- 
duced prior to 1947. This reviewer noted that the author failed 
to indicate his source of information with regard to 8,6’-dithio- 
cyano-diethyl ether, 6-thiocyanoethyl esters of fatty acids, tetra- 
ethyl pyrophosphate, ‘‘Parathion,” piperonyl cyclohexanone and, 
except for the synthesis, “hexaethyl tetraphosphate.” In fair- 
ness to the author it should be pointed out that these were the 
only exceptions noted in the discussion of nearly one thousand 
materials. 

This book is an excellent compilation of inorganic insecticides, 
fungicides, and herbicides and of the more important organic ma- 
terials used for these purposes. Appended to each chapter is a 
bibliography concerning which the author states in the preface to 
the first edition: ‘These bibliographies are by no means complete, 


JOURNAL OF CHEMICAL EDUCATION 


but in my opinion are representative of the work in the fields 
which they cover.’’ It would be impossible to discuss all of the 
materials with equal thoroughness in a book the size of this one. 
The author has treated the more important materials rather thor- 
oughly and has referred the reader to original works for further 
information on these and on the less well-known or less important 
materials. For this reason, frequently it will be found necessary 
to read the original articles to which one is referred in order to 
obtain desired information. The book should prove invaluable 
as a general reference for those working in the direct fields of 
insecticides, fungicides, and herbicides and in related fields in 
which a knowledge of these materials would be important. 


JAMES F. MILLER 
ME tton Institute or INpDUsTRIAL RESEARCH 
PiTTsBURGH, PENNSYLVANIA 


e THE MARKETING OF CHEMICAL PRODUCTS 


Robert S. Aries, Adjunct Professor of Chemical Engineering at 
the Polytechnic Institute of Brookyln, and William Copulsky, 
Chemical Economist with R. S. Aires and Associates. Published 
by Overland Commercial Corporation, 26 Court Street, Brooklyn, 
New York. vi + 149 pp. 21.5 X 27.5cm. $5. 


Tue business side of chemical industry continues to receive an 
increasing amount of attention from technical men, who, like 
these authors, have been trained in both fields. They describe 
their purpose in writing the book as follows. 

“The new intensive interest in the marketing of chemicals is a 
material outgrowth of an industry which is turning from pioneer- 
ing and unsatisfied demand to competition. Today the industry 
finds that efficient marketing is as necessary as technical develop- 
ment. In addition, the present state of technical achievement is 
such as to demand huge capital investments in the launching of 
new products. It would indeed be foolish to invest this capital 
without prior careful examination of the marketing problems in- 
volved. Of the total number of employees in the chemical indus- 
try about 25 per cent are directly concerned in the selling, distri- 
bution, and marketing processes, but every employee from re- 
search to shipping must become more sales-minded in the new era 
of competition looming ahead for the chemical industry.” 

The introduction discusses briefly the nature of the chemical 
industry, distribution, production, and particularly profits earned. 
The advertising of chemicals, Chapter I, shows the why and how 
of an advertising campaign. The selling of chemicals, Chapter 
II, discusses the organization and operation of the sales division. 
Market research in the chemical industry, Chapter III, points out 
the functions of the market research division, their sources of 
data, and the final report. The modern commercial development 
and technical service department, Chapter IV, enumerates their 
functions and gives examples from operating companies. Com- 
mercial development of new products and new markets, Chapter 
V, discusses the economic factors in commercial development and 
market classification of the product; the various factors are illus- 
trated by the manner in which the American Cyanamid Company 
developed the melamine resins. Marketing chemicals for the 
consumer, Chapter VI, shows how new chemical specialities can 
be marketed directly to the consumer. An appendix lists the 
business data on the leading chemical companies. 

The book is replete with interesting case histories that illustrate 
the point being made. Unfortunately, space limitations have 
forced much material to be given almost in outline form. Cer- 
tainly the importance and interesting nature of the context should 
justify a longer book and it is hoped that another edition can be 
expanded considerably. 

This book is recommended for anyone who wants to know how 
the chemical industry goes about marketing its products. 


KENNETH A. KOBE 
University or TExas 
Austin, TExas 
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» CALCULATIONS OF QUANTITATIVE ANALYSIS 


Philip W. West, Head, Division of Analytical Chemistry, Louisi- 
ana State University. The Macmillan Company, New York, 
1948. viii +162 pp. 14 X 2lcm. $2.75. 


Tuts cloth-bound book, written in lecture style, consists of 
eight chapters headed: “Introduction”; ‘Chemicai Factors and 
the Fundamental Calculations of Gravimetric Analysis”; ‘Fun- 
damental Calculations of Titrimetric Analysis and Solution 
Strength”; “Calculations Involving Percentage, Specific Grav- 
ity-Percentage, Molar, Normal and Titer Solutions”; ‘Oxida- 
tion-Reduction”; ‘Miscellaneous Calculations’; ‘Chemical 
Equilibria and the Law of Mass Action” ; and “Reliability of Analy- 
tical Results.” The appendix contains ionization constants, solu- 
bility products, common molecular weights, and a graphic log 
table, as well as an index. The subject matter is covered in as 
comprehensive a manner as is needed in an elementary textbook. 

That printing costs have gone up can be gathered from the 
price ($2.75) placed upon this thin book by the publisher. 


SAUL B. ARENSON 
Houuywoop, CALIFORNIA 


3 PRINCIPLES OF HIGH-POLYMER THEORY AND 
PRACTICE 


Alois X. Schmidt, Assistant Professor in Chemical Engineering, 
and Charles A. Marlies, Associate Professor in Chemical 
Engineering, College of the City of New York. McGraw-Hill 
Book Company, Inc., New York, 1948. xii + 743 pp. 255 
figs. l115tables. 23.5 X15.5cm. $7.50. 


Unti1 recently there was no textbook on the general subject of 
high polymers and then two textbooks appeared, both in the same 
year, 1948. Professor Bawn’s earlier book has already been re- 
viewed in these columns (J. Cuem. Epuc., 26, 119 (1949). The 


present book is more than twice as large as Prof. Bawn’s and, of 


course, covers the subject in greater detail. After having read 
carefully much of this rather heavy volume the reviewer can agree 
with the authors when they state in their preface: 

“This is a textbook on the principles of high-polymer theory 
and practice and hence covers materials composed of molecules of 
high molecular weight, whether they be fibers, plastics, rubbers, 
surface coatings, or adhesives. Its purpose is to present a broad, 
coordinated treatment of a field in which about one th'rd of all 
American chemical engineers and chemists are currently em- 
ployed. This can be done only by demonstrating how funda- 
mentals of physics, chemistry, and engineering may be applied 
universally to the materials in question.... The intention of the 
more comprehensive approach here employed is to give insight 
into underlying phenomena and to preserve the broad viewpoint 
throughout, so that what the reader learns about fibers he will 
immediately recognize to be translatable also into terms of plas- 
ties, rubbers, surface coatings, and other high-polymer products.” 

This book is an ambitious undertaking and contains an enor- 
mous amount of material on this interesting and fast-growing 
subject. 

In typical textbook practice the authors use plenty of defini- 
tions and place them where they serve the purpose best. Chemi- 
cal formulas, diagrams, and tables of data are used liberally and 
they aid materially in the understanding of the text. The 
authors have boldly announced new terms. They isolate the 
syllable ‘‘mer” (Greek meros, part), which is found in well-known 
names, and use it as the name of “‘the chemical-structural unit of 
a polymeric molecule.” They introduce the term mutaplast to 
cover not only heat-hardened (thermoset) resins but also dried 
varnish films and cold-vulcanized rubbers. They replace the 
term buna with buta for the rubberlike butadiene polymers and 
copolymers “since sodium catalyst is no longer employed.” 
This quoted statement is in error because sodium rubber is still 
being manufactured. However, the term is interesting and well 
derived. The authors’ use of the term “bridging to describe 
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secondary intermolecular attractions” is believed to be open to 
question. 

The discussion of principles, including many found, of course, 
in other textbooks, “enables the student to correlate many 
phases of his previous training and envision the extension of pure 
to applied science to an unusual degree.” Practical uses are also 
discussed and explained theoretically. The discussion of the 
development of nylon is especially interesting. Statements are 
sometimes explained by simple illustrations. For example, 
laminar liquid flow “‘is readily visualized by pressing the finger 
obliquely downward on a stack of new playing cards and observ- 
ing the regularity of the slip. The bottom card remains station- 
ary, the top card travels farthest.” 

References in the text are plentiful and selected references to 
recent review articles are listed at the ends of the chapters. Also 
cross references are numerous. The book contains forty pages of 
special data in the appendices and twenty-nine pages of two 
columns each of a subject index. 

The book has been proofread very carefully and typographical 
errors are very few. In a new edition the authors should correct 
the statement on page 128 containing the phrase, ‘‘quininoid 
compounds such as hydroquinone,” the structure of chlorinated 
rubber on page 711, the statement on page 520, ‘Appropriately 
enough, he (Goodyear) called this process vulcanization” 
(Thomas Hancock’s friend Brockedon in England named this 
process), and on page 556, “It (sulfur) does not vulcanize neo- 
prene’”’ (it does, although it is not necessary). 

This textbook is well written and is highly recommended as 
being very worth while for the teacher and student of high poly- 
mers. 


HARRY L. FISHER 
U. 8. Inpustrran Cuemicazs, Inc. 
BALTIMORE, MARYLAND 


a ORGANIC CHEMISTRY 


Hugh C. Muldoon, Dean of the School of Pharmacy, Duquesne 
University. The Blakiston Co., Philadelphia. Third edition. 
1948. viii + 648 pp. 31 tables. 23 figs. 15.5 X 23.5 cm. 
$5.50. 


Tuis text is designed for a full-year course for beginning stu- 
dents who require organic chemistry as a tool course for the vari- 
ous medical sciences. It is also planned to supplement a short 
course in organic chemistry and for active practitioners of the 
medical arts who wish to keep abreast of the field. 

Aliphatic and aromatic compounds are treated separately and 
the organization of the book is conventional. The style is both 
simple and lucid and the typography and illustrations are excel- 
lent. Compounds of medical interest are described more com- 
pletely than in the average text and the author has included 
structures of medicinals of recent interest such as streptomycin. 

The treatment of theoretical organic chemistry is of the vintage 
of two decades ago. There is no integration of valence concepts 
with the physical and chemical properties of organic molecules. 
Carbanions and carbonium ions are not mentioned, resonance is 
introduced incidentally, and there is not attempt at application of 
modern acid-base theory to the mechanism of organic reactions. 
The role of the alpha hydrogen atom in aldol condensations is not 
developed and the same weakness is found in the treatment of the 
equilibria of the aromatic diazo compounds. The author uses 
the outmoded term “nascent hydrogen” on p. 44 and erroneously 
states in the discussion of the Cannizzaro reaction of formalde- 
hyde on p. 168 that “the higher aliphatic aldehydes do not react 
with alkali in this way.” 

Another dificiency is the limited use of available synthetic 
reactions in the preparative methods. Metal acetylides are not 
employed for the formation of alkyl acetylenes and only the reac- 
tion of alkyl halides with ammonia is furnished for the preparation 
of primary, secondary, and tertiary amines. 


JACOB G, SHAREFKIN 
BRooKLYN COLLEGE 
Brooxtrn, New Yorr 





240 


© BIOGRAFIAS Y DESCUBRIMIENTOS QUIMICOS 


L. Blas, Catedratico y academico. M. Aguilar, Editor. Madrid, 
1947. 476 pp. 10.5 xX 15cm. About $6.75. 


Tue author of this book points out in the preface the ignorance 
shown by students of chemistry about the “intimate life (of 
eminent chemists) and of the epoch in which they realized their 
accomplishments” and to remedy such a situation he feels com- 
pelled to present “in a form both the most concise and clear, 
the history of the chemists who have contributed with their 
works to build up the gigantic edifice of modern chemistry.” 
This the author does by crowding together in 286smallpagesnearly 
400 biographies, chronologically arranged and ranging in length 
from two lines (Ercker) to four pages (Lavoisier). The sub- 
stances and chemical arts known to primitive peoples are more 
aptly presented in an introductory essay (54 pages) and the 
history of the discovery of the chemical elements is given in an 
appendix (74 pages). The last forty pages of the book are given 
to a very complete index. 

Fewer names, more critically treated would have served the 
author’s purpose better and this reviewer can not escape the 
feeling that here quality yields to quantity. In the quick 
succession of names the historical perspective is lost, and with it 
whatever pedagogical value the book was intended to have. 

The information is too scant to make the book one for “‘his- 
torical references about our science” (page 12). As far as this 
reviewer can ascertain, what information is given is reliable, 
but some interpretations are not very successful. To indicate a 
few: it is doubtful if primitive people arrived at a knowledge of 
bronze through experimentation, as is insinuated on page 25; 
it is at least confusing to find a parallelism drawn between the 
phlogiston of Stahl and the modern electron (page 130); to find in 
Plotinus’ doctrines “the dawn of the present concept of affinity” 
(page 64); and that “all Greek scientific philosophy tends to the 
concept of the indivisible atom as the fundamental element of 
matter’’ (page 63). 

This interest in the history of chemistry is not new in Spain, 
and in the last 50 years Carracido, Galvez-Cajiero, Moles, etc., 
have made important contributions dealing more in particular 
with the development of chemistry in Spain. The present book is 
wider in scope but scholarly, less ambitious. 


JOSE GOMEZ IBANEZ 


“WESLEYAN UNIVERSITY 
MippLETOWN, CONNECTICUT 


RHENIUM DVI-MANGANESE, THE ELEMENT OF 
ATOMIC NUMBER 75 


J. G. F. Druce. Cambridge University Press, England. The 
Macmillan Co., New York, 1948. viii +92pp. 14.5 X 22 cm. 
$2.50. 


Tis monograph provides a comprehensive survey of rhenium 
chemistry, including a historical introduction with forty refer- 
ences on the discovery of the element; a chapter on the isolation 
and properties of the metal, followed by five chapters on the 
oxides of rhenium, perrhenic acid, and its salts; the halogen com- 
pounds of rhenium, its sulfides, selenides, and thiosalts; and some 
of the organic derivatives of rhenium. A chapter on the applica- 
tions and patents relating to rhenium, together with a chrono- 
logical bibliography and an index, complete the volume. 

The completeness of the coverage of the literature will make 
this little book of value to anyone dealing with rhenium or its 
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compounds, but one might wish that a somewhat more critical 
evaluation of the data presented had been supplied. Thus one 
observes on pp. 29-31 a discussion covering more than a page 
concerning a presumably nonexistent peroxide, ReQ, or Re,Os, 
but only half a page devoted to Re2O;, one of the most important 
of the oxides of rhenium. Again, since it is certain from the 
known atomic radii concerned that ReF; is the highest possible 
fluoride of rhenium, it is doubly certain that ReCl; could not be 
prepared; yet two paragraphs are devoted to the heptachloride 
before disposing of it. 

On the whole, the text appears to be tolerably free from typo- 
graphical or factual inaccuracies. One of the more obvious of 
these is the reference on page 14 to the electrode potential of 
rhenium against the normal calomel electrode with 2 N H.SO,, 
given as 0.6 v., but the nature of the ion in solution with respect 
to which the potential is measured is not indicated. 

Again, on the same page, referring to alloys of rhenium and 
tungsten, it is stated that ‘‘one eytectic with tungsten at 2892°C. 
corresponds with WRe, and another at 2822°C. corresponds with 
WRe:z.” One does not in general expect an eutectic mixture to 
correspond in composition to that of a compound, which is rather 
related to a maximum in the phase diagram; so that some further 
comment would seem called for in such cases. On page 61, last 
line, the equation given does not balance. Such matters of detail 
will doubtless be disposed of in any subsequent edition. 


WALTER C. SCHUMB 
Massacuvusetts [nstiruTE oF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


6 LABORATORY EXERCISES IN GENERAL CHEMISTRY 


John Arrend Timm, Professor of Chemistry, and Raymond E]- 
wood Neal, Associate Professor of Chemistry, Simmons College. 
First edition. McGraw-Hill Book Co., Inc., New York, 1948. 
v+23lpp. 43 experiments. 20 figs. 21 X 28cm. 


Tuts manual is designed to be used with Timm’s ‘General 
Chemistry.”’ The format is designed for the semiessay type re- 
ports rather than the workbook type. Most of the exercises are 
representative of those commonly used in general chemistry with 
eight exercises on the chemistry of several of the common ele- 
ments and methods of their identification; however, there is only 
one exercise on organic chemistry. 

The authors, in the preface, say “Each experiment is intro- 
duced to the student by a preliminary discussion. A group of 
preliminary questions tests the student’s understanding of the 
material encountered in the experiment. It is hoped that by 
this device the student will come to the laboratory better prepared 
to carry out the experiments intelligently. Following the experi- 
ments is a review exercise designed to fix the results in the stu- 
dent’s mind. 

“More exercises have been included than can be performed in 
the time allotted to laboratory work in the usual year course. 
The instructor may, therefore, choose those which best illustrate 
the material he wishes to emphasize, or he may obtain variety in 
successive years.” 

The quality of the paper is good. The binding is firm, but the 
book will not lie flat on the desk and remain open. The printing 
is good but the long lines are fatiguing to read. 

In general, this manual will be found to be very useful and 
should be well received by teachers of general chemistry. 


A, B. GARRETT 
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Tue place and interests of the high-school teacher 
in the field of chemical education have frequently been 
discussed. Nevertheless, I fear that the importance of 
his place and the depth of his interests have often been 
insufficiently appreciated. We forget that most people 
in the course of their schooling get their sole impres- 
sions of chemistry from the high-school teacher. This 
puts him in a particularly strategic spot. The whole 
chemical profession should be concerned about the 
ability and equipment of the high-school teacher (col- 
lectively, of course) to give a sufficient and adequate 
impression. How can we assure this? 

The problem is particularly difficult because high- 
school teachers, with very few exceptions, are not pro- 
fessional chemists and we cannot expect them to be. 
Anyone familiar with the problems of secondary educa- 
tion must realize that teachers cannot be expected to be 
professional experts in the subjects which they teach. 
It is their primary responsibility to teach young 
people, not subjects. And I do not think that this is 
to be deplored. Students at this stage should be 
treated as complete individuals, not apprentices in 
training. 

Only in the large schools can the chemistry teacher be 
a specialist; in the great majority he must also teach 
any number of other subjects. He is no more a teacher 
of chemistry than of physics, mathematics, biology, 
history, or physical education. This is the state of af- 
fairs, whether we like it or not. Under such circum- 
stances should we expect him to be interested in pro- 
fessional chemical organizations? , 

Fortunately, there are a few who can be at the same 
time teachers and professional chemists. We should 
expect their teaching to be enriched, as a result. Never- 
theless, we are not justified in holding these up as 
models for all other teachers; we must reconcile our- 








selves to the fact that most of the teaching of high- 
school chemistry will be done by those not so well pre- 
pared in the subject-matter field. 

There has been some concern over the increase in the 
popularity of general science and various kinds of 
“combined courses” at the expense of chemistry as a 
curricular subject in high schools. It is not yet clear 
how far such a tendency will proceed, but from our 
standpoint in chemical education it should be much 
more important that the content of the subject of 
chemistry be broadened and intensified than that any 
particular arrangement of the curriculum be adhered to. 
If chemistry can be better taught as part of general 
four-year course in general science isn’t that the result 
we actually want? Of course, that puts the burden 
upon someone to show that it actually can be taught 
better in that way. No scientist can conscientiously 
advocate maintaining the status quo merely for the sake 
of doing so. 

What can we actually do for the teacher of high- 
school chemistry? Efforts of the American Chemical 
Society on the national scale have never been very ef- 
fective. But local sections of the Society can do much, 
and some have already made notable progress, particu- 
larly in the larger centers where there are many teacher 
“specialists.” Meetings arranged primarily for such 
teachers, even though they are not Society members, 
can be very stimulating. Teachers too frequently 
complain that there is no organized interest in their 
work and any local section which knowingly permits 
such a feeling to develop is shirking one of its respon- 
sibilities. In any good-sized Section there can always 
be found a small group of members interested in the 
local teaching problems and if such groups are given 
official power and encouragement they can do much to 
improve the effectiveness of the teachers in the area. 





& KLAPROTH AS A PIONEER IN THE CHEMICAL 
INVESTIGATION OF ANTIQUITIES’ 


Martin Herwricn Kiarrora (1743-1817) is well 
known for his important contributions to chemistry, 
especially to analytical chemistry and to mineralogical 
chemistry, but his pioneer work on the chemical inves- 
tigation of antiquities does not appear to have been 
much noticed, there being, indeed, no mention of it in 
any of the general treatises on the history of chemistry. 
Though a few sporadic attempts to investigate ancient 
objects or materials by chemical means had been made 
before the time of Klaproth, these attempts were for 
the most part futile, largely because no suitable experi- 
mental methods were then available. But Klaproth, 
by means of experimental methods which he, himself, 
either originated or greatly improved, did accomplish 
significant work in his investigation of the composition 
of a considerable number of ancient objects and mate- 
rials. The results of these researches were published in 
a dozen scattered papers, and in a collected form in the 
sixth and concluding volume of his ‘‘Contributions to 
the Chemical Knowledge of Mineral Substances.’’ 
The first paper by Klaproth on the chemical investi- 
gation of antiquities, entitled “Mémoire de numis- 
matique docimastique,’”’ was read before the Royal 
Academy of Sciences and Belles-Lettres of Berlin on 
July 9, 1895, and published in the volume of memoirs of 
that learned body issued in 1798.* As the title indi- 
cates, this paper deals with the problem of determining 
the composition of coins, but the coins selected for 
experimental study were in fact all ancient coins, and 
all were composed either of copper or of alloys of copper. 
Klaproth examined six Greek coins and nine Roman 
coins, found qualitatively what the principal component 
metals were, and then estimated their proportions. 
To appreciate the full significance of these analyses as a 
contribution to chemical research it is important to 
realize that no one had ever before devised a feasible 
quantitative scheme for the analysis. of any copper 
alloy. Thus Klaproth had before him at the outset of 


1 Presented before the Division of Histopy of Chemistry at 
the 113th meeting of the American Chemical Society in Chicago, 
April 19-23, 1948. 

2 “Beitrige zur chemischen Kenntniss der Mineralkérper,”’ 
Berlin und Stettin, 1795-1815. 

8 Mémoires de lV’académie royale des sciences et belles-lettres, 
Berlin, Classe de philosophie expérimentale, 1798, 97-113. A Ger- 
man version of this same paper was later published in Sammlung 
der deutschen Abhandlungen welche in der kénigliche Akademie der 
Wissenschaften zu Berlin vorgelesen worden in den Jahren 1792- 
1797, Experimental-Philosophie, 1799, 3-14, under the title, 
“Beitrag zur numismatische Docimasie,” and still later under 
the same title there appeared a modified German version in All- 
gemeines Journal der Chemie, 6, 227-244 (1801). 
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this investigation not only the task of determining the 
composition of the ancient alloys but also the task of 
devising means of doing so. 

As might well be expected, the first quantitative 
scheme for the analysis of copper alloys was relatively 
crude in the light of present standards and was not 
capable of yielding very accurate results. After the 
corrosion products had been removed from the surface 
of the metal to be analyzed, a weighed sample was 
treated with “moderately concentrated” nitric acid, 
and the reaction mixture was allowed to stand over- 
night without application of heat. On the next day the 
supernatant liquid was poured off and saved, and any 
undissolved metal or insoluble residue again treated 
with nitric acid in the same way. If tin was present as 
shown by the continued presence of a residue insoluble 
in nitric acid, this was collected on filter paper. Ap- 
parently this residue was not ignited but simply dried in 
an oven at a low temperature and weighed. In order 
to estimate the proportion of tin in the dried residue, a 
parallel control experiment was made with a known 
weight of pure tin. It was found from this that 100 
parts of dried residue contained 71 parts of metallic tin, 
in other words the gravimetric factor was 0.71. If the 
residue had been dried in such a way that it was con- 
verted to metastannic acid of theoretical composition 
then the factor should have been 0.7035, which is fairly 
close to the empirical factor used by Klaproth. By 
contrast, the present factor for converting the weight of 
ignited stannic oxide into weight of tin is 0.7877. Asa 
check on the correctness of his results, Klaproth, in 
some experiments, dissolved the dried residue in con- 
centrated hydrochloric acid, diluted the solution, and 
introduced into it a zine plate. The tin displaced by 
the zine was then collected and weighed. In other 
experiments where the dried precipitate was not entirely 
soluble in the acid, the precipitate was treated with dry 
reducing agents in a crucible and the resulting metallic 
tin was weighed. In none of the determinations was 
gold observed in the residue remaining after treatment 
with nitric acid. * 

The filtrate from the separation of the tin was tested 
for silver by the addition of a saturated solution of 
sodium chloride to one portion and the introduction of 
a weighed copper plate into another. Silver was found 
to be present in only a single coin. 

Lead was separated as sulfate from the solutions from 
the preceding determinations by the addition of a 
saturated solution of sodium sulfate followed by evapo- 
ration to small volume. The separated lead sulfate 


242 











not 
he 
cor 
tha 
99° 
yell 
the 
the 
pre 
cop 
rate 
abo 
of t 
pos 
the 
plac 
cop] 
Afte 
rate 
tion 
fron 
cark 
whi 
to 0: 
the 
vari 
the 
allel 
the 
cipit 
ing | 
resp 
verti 


K 





L 


the 
: of 


‘ive 
rely 
not 
the 
ace 
was 
cid, 
yer- 
the 
any 
ted 


ble 
Ap- 
1 in 
der 
D, a 
wn 
100 
tin, 
the 
on- 
ion 
irly 


t of 
1S a 


on- 
and 


her 
‘ely 
dry 
lic 
was 
ent 


ted 
_ of 
1 of 
ind 


fa 
po- 
rate 











MAY, 1949 


was collected and either weighed as such or reduced to 
metallic lead in a crucible for direct weighing as metal. 
By means of parallel control experiment it was found 
that 100 parts of lead sulfate yielded 70 parts of metal, 
thus giving a factor of 0.70. The present gravimetric 
factor is 0.6832. 

The method employed by Klaproth for the detection 
or determination of iron in the coins was unsound. He 
believed that the iron was precipitated along with the 
lead sulfate. Consequently, he dissolved the lead sul- 
fate in hydrochloric acid and tested the solution for the 
presence of iron with ammonium hydroxide solution 
or with potassium ferrocyanide solution. Iron was 
found present, and its proportion estimated, in only 
two of the coins, though in all probability it was present 
in all of them. Needless to say, his two quantitative 
figures for iron must be considered erroneous. 

In the Greek coins only copper remained to be deter- 
mined. This was precipitated as metal from the filtrate 
from the lead separation by placing it in a clean iron 
plate. The precipitated copper was then collected, 
dried, and weighed. ; 

Klaproth observed that the Roman coins he had for 
analysis were of two distinct kinds. One was composed 
of a red metal which he found qualitatively to be copper 
without any noticeable proportion of alloy. He did 
not analyze such coins quantitatively for impurities, and 
he consequently considered them to consist of pure 
copper. Later analyses of similar coins have shown 
that they often contain over 98%, and sometimes over 
99% copper. The other kind was composed of a 
yellow metal consisting chiefly of copper and zinc. For 
the quantitative analysis of these brass coins he divided 
the filtrate, from the separation of any tin that might be 
present, into two equal parts. In the one half the 
copper and any lead that might be present were sepa- 
rated and determined by the procedure described 
above. The other half served for the determination 
of the zinc. After trial experiments with four different 
possible procedures, the following one was adopted for 
the actual determinations. A thin lead plate was 
placed in the diluted solution to precipitate all the 
copper, a process for which several days was allowed. 
After decantation or filtration, the solution was evapo- 
rated to small volume and treated with a saturated solu- 
tion of sodium sulfate to remove the lead. The filtrate 
from this separation was then treated with potassium 
carbonate solution to precipitate the zinc as carbonate, 
which was either dried and weighed as such, or ignited 
to oxide for weighing. The second method of weighing 
the zinc was better, of course, since zinc carbonate 

varies considerably in composition in accordance with 
the conditions of precipitation and drying. By a par- 
allel control experiment it was found that 175 parts of 
the dried precipitate or 133 parts of the ignited pre- 
cipitate contained 100 parts of zinc. The correspond- 
ing gravimetric factors were, therefore, 0.70 and 0.81, 
respectively. The present gravimetric factor ‘for con- 
verting weight of zinc oxide to weight of zinc is 0.8034. 
Klaproth expressed the results of these first analyses 
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of ancient copper alloys in terms of actual weight of 
component metals present in the weighed coin taken 
for analysis. Thus for a Greek bronze coin of Syracuse, 
struck in the third century B.C., his results are given as 
follows: 


Grains 
nas icc ose cates chee 233 
DMN CLs Silsc da odxs lek Heures ds 20 
SRN ee ke ek ik saat a were siete 13 
PRIME Protec code sons hea tant 1 
ROMS Secisalici-dshewuaeons ee 267 


These results converted to percentages are shown in the 
first column of Table 1. In the second column of this 
table appear the results of an analysis made by the 
writer‘ of a coin of Syracuse struck at the end of the 
fourth or the beginning of the third century. 





Table 1 


Analysis by Klaproth of a Greek Bronze Coin of Syracuse 
and a Recent Analysis of a Coin from the Same Locality 











Klaproth’s Recent 
analysis, analysis, 
Element 0 4 
Copper 87.2 85.14 
Lea 7.5 7.13 
Tin 4.9 7.43 
Tron 0.4 0.08 
Nickel ney 0.03 
Arsenic x66 0.10 
Sulfur vee Trace 
100.0 99.91 





A strict critical comparison of the two analyses in 
Table 1 is not possible because the two coins differ in 
date of issue, but from these two analyses and from 
what is known in general about the composition of 
Greek bronze coins, certain conclusions may justifiably 
bedrawn. Klaproth was correct in a qualitativesensein 
finding that copper, lead, and tin were the principal 
components of a Greek bronze coin struck at Syracuse in 
the third century B.c. He was probably not far wrong 
in a quantitative sense, since, from what is now known 
about the variation in composition of Greek coinage 
bronze with time, it should be expected that the coin 
he analyzed would contain a lower proportion of tin and 
a higher proportion of lead than the one analyzed by the 
writer. Klaproth found copper, lead, and tin to be the 
principal components of the other Greek bronze coins 
he analyzed, from which he concluded that Greek 
bronze coins in general were composed of these 
three metals. This general conclusion is not correct, 
because in certain of the earliest coins of various local- 
ities only copper and tin are principal components of 
the coinage bronze. However, his general conclusion 
does hold for the great majority of the types of these 
coins. As regards the minor components of Greek 
coinage bronze, Klaproth was also in error, since, as 
illustrated by the above analyses, he failed to find most 





4“The Composition of Ancient Greek Bronze Coins,’’ The 
American Philosophical Society, Philadelphia, 1939, p. 76. 
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of them, and probably obtained an incorrect result for 
the only one he did find. 

Similarly, for a Roman brass coin of the time of 
Claudius (41-54 a.p.) Klaproth expressed the results of 
his analysis as follows: 


Grains 

RIE id cocci pgwinensars oemoie ioe ae 
BINS Sacicee ra eee ihaee co aa mes 84 
oo EE eee are on Peer eee 380 


These results converted to percentages appear in the 
first column of Table 2, and in the second column of 
this table appears an analysis by Bibra‘ of a coin of the 
same ruler, same period, and same denomination. 
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ignited to stannic oxide. In the filtrate from the 
separation of the tin, the test for silver was made with 
hydrochloric acid instead of with sodium chloride. 
Lead was separated as before by precipitation with 
sodium sulfate, but it is noted that the precipitate was 
well dried by heat. Instead of the factor 0.70, Klap- 
roth now used the factor 0.69 which is decidedly nearer 
to the present gravimetric factor of 0.6832. He tested 
the filtrate from the lead separation not only for copper 
and zine but also for iron and nickel. However, only 
copper was found, and this he apparently determined 
by difference. The results.of his analysis of the an- 
cient coin are shown in Table 3, both as he expressed 
them and as calculated to a percentage basis. 








Table 2 


Analysis by Klaproth of a Roman Coin Struck at the 
Time of Claudius and a Later Analysis of a Similar Coin 











Klaproth’s Later 
analysis, analysis, 
Element % % 

Copper 77.9 77.44 
Zine 22.1 21.50 
Tin ~ 0.30 
Lead Trace 
Iron 0.32 
Nickel 0.24 
Antimony 0.20 
Sulfur Trace 

100.0 100.00 





The agreement of the percentages of the main com- 
ponents in the two analyses shown in Table 2 is 
remarkably good, and indicates that the results of 
Klaproth for the copper and zinc content of the coin he 
analyzed are probably not far from the truth. As with 
the Greek coins, he failed to recognize the presence of 
various minor components or impurities that must have 
been present and therefore made no attempt at their 
quantitative determination. However, from his analy- 
ses of typical Roman coins he did first establish the 
most essential fact; namely, that the Roman coins of 
the first century or so of the empire were struck in brass 
or copper, but not in bronze. 

Several years after his investigation of the composi- 
tion of these Greek and Roman coins, Klaproth® in- 
vestigated the composition of two old Chinese coins. 
From the descriptions he gives, one of these undoubt- 
edly was of considerable antiquity, the other more 
recent. Both these coins, like the Greek bronze coins 
he analyzed, were found to be composed of copper, lead, 
and tin. However, in his analysis of these coins he 
introduced certain improvements over the procedure 
he used for the analysis of the Greek coins. The 
sample was dissolved in nitric acid as before, but the 
tin was separated by digestion in hot solution. Also the 
hydrated tin oxide was washed, and was dried and 





5 “Die Bronzen und Kupferlegierungen der alten und altesten 
Volker,” Erlangen, 1869, pp. 52-53. 

* “Untersuchung chinesischer Miinzen” in Journal fir die 
Chemie, Physik und Mineralogie, 4, 449-451 (1807). 








Table 3 
Analysis of an Ancient Chinese Coin 
As given by 
Klaproth, Corresponding 
Metal Grains percentages 
Copper 473/, 67.2 
Lead 151/, 21.5 
Tin 8 11.3 
71 100.0 





Because of the uncertainty as io the date of this coin 
there is no point in making a critical comparison from a 
quantitative viewpoint of the results of his analysis 
with those of recent analyses of Chinese coins. How- 
ever, it is known that certain very ancient Chinese 
coins contain copper, lead, and tin in similar propor- 
tions as principal components. Only in later coins does 
zine appear as a main component of the alloy. Klap- 
roth was not only the first to analyze an ancient 
Chinese coin, but in doing so he was also the first to 
analyze any ancient object from the Far East. 

Apparently the last work by Klaproth on the com- 
position of ancient objects was also on coins. In this 
investigation he determined the composition of a num- 
ber of Roman silver coins which ranged in date from 
near the end of the first century A.D. to well past the 
middle of the third century a.p. An account of at 
least part of this work was read before the Academy of 
Sciences and Belles-Lettres of Berlin on March 19, 
1807, but his results did not appear in printed form 
until considerably later.’ 

This work revealed further improvements on the 
methods devised by Klaproth for the quantitative 
analysis of alloys. For example, in some of these analy- 
ses, instead of separating the copper as metal for 
weighing by precipitation with an iron plate, or merely 
determining it by difference, he precipitated it with 
sodium hydroxide solution and weighed it as cupric 
oxide after ignition. His data indicate that the factor 


7 “Beitrag zur numismatischen Dokimasie” in Journal fiir die 
Chemie, Physik und Mineralogie, 9, 652-665 (1810), and a French 
version of the same paper, ‘‘Mémoire sur la docimasie des médail- 
les” in Ann. chim., 81, 82-97 (1812). In the sixth volume of his 
“Beitrige zur chemischen Kenntniss der Mineralkérper,” pp. 
44-60, five additional analyses are given which do not appear in 
either of these papers. 
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he used for converting the weight of cupric oxide into 
weight of copper was 0.78 as contrasted with the present 
gravimetric factor 0.7989. His factor for converting 
the weight of dried silver chloride into weight of silver, 
indicated for the first time by data given in this pub- 
lished work, was also somewhat in error. His data 
show that he considered silver chloride to contain 
exactly three-fourths of its weight of silver, thus giving 
a factor of 0.75 as contrasted with the present factor 
of 0.7526. 
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Of metal objects other than coins, Klaproth first 
investigated the composition of the metal of an ancient 
mirror, evidently Greek or Etruscan, found in a tomb 
at Naples, Italy. His results were first made known 
in a paper read November 16, 1797, before the Royal 
Academy of Science at Berlin.” His method of analy- 
sis was essentially the same as the one he employed in 
his investigation of the composition of Greek bronze 
coins, and he likewise expressed his results in grains, 
but since he took an original sample that weighed 100 
grains, his results in grains for the individual com- 
ponents of the alloy are numerically equal to percent- 

















Table 4 : 
Analysis by Klaproth of Two Roman Silver Coins of ages. These results are shown in the first column of 
poet er Pius Table 6. 
Coin A, Coin B, 
Metal grains’ grains Table 6 
5 Silver 34.5 36.7 Analysis by Klaproth of the Metal from an Ancient Mir- 
Copper 5 8.5 ror and a Later Analysis by Bibra of the Metal of an 
Go 7 Trace 0.1 Ancient Roman Mirror 
Lead Trace 0.2 Klapr oth’s Bil a’s 
analysis, analysis, 
39.5 5 Element % % 
} pre Copper 62 64.46 
As an example of his work on the composition of Tin 32 28.36 
Roman silver coins there are shown in Table 4 analyses — 6 oe 
of two coins of Antoninus Pius (138-161 a.p.) in the Nickel Soe 0.05 
form in which Klaproth published them. In Table 5 = aaa 


are shown these same analyses converted to a percent- 
age basis, and also, for purposes of camparison, two 
later analyses by Bibra’ of coins of the same denomi- 
nation struck under the same ruler. 





Table 5 


Analysis of Table 4 Calculated to a Percentage Basis and 
Two Later Analyses of Similar Coins 


Klaproth’s Later 











Metal analysis, % analyses, % 

A B C D 
Fos 87.3 80.7 93.28 76.73 
a 12.7 18.7 6.35 20.87 
Ge Trace 0.2 0.17 0.11 
Lead Trace 0.4 Trace 2.17 
Iron sb . 0.12 
Nickel eves Trace None 
100.0 100.0 100.00 100.00 





There is nothing significant in the differences in the 
ranges of the percentages of silver and copper in these 
two sets of analyses, since it is known that the fineness 
of the coins of this particular ruler varies widely.® It 
will be seen that Klaproth identified correctly and 
determined approximately two of the impurities com- 
monly found in such coins, though he also ignored two 
others. On the whole, however, these analyses of 
Roman silver coins, apparently the last work on the 
composition of antiquities done by Klaproth, is also 
the best from the analytical standpoint. 





* “Ueber alte Eisen- und Silber-Funde,” Niirnberg ynd Leip- 
zig, 1873, p. 37. 

° Hammer, “Der Feingehalt der griechischen und rémischen 
Miinzen,” Dissertation, Tiibingen, 1906, pp. 98-99. 





It is not possible to compare directly his analytical 
results with any more recent analytical results on an 
object of the same proveriance, as apparently no such 
object has been analyzed since the time of Klaproth. 
However, Bibra" analyzed the metal from a Roman 
mirror and obtained similar results for the main com- 
ponents, as is shown in the second column of Table 6, 
and a few other ancient mirrors have been analyzed 
with similar results as to general composition. It seems 
likely, therefore, that Klaproth was not far wrong in 
his results for the main components of the metal of 
this ancient mirror. As with most of his other analy- 
ses of metal antiquities, he failed to detect and deter- 
mine the various minor components or impurities that 
in all probability were present. He did first establish 
the essential fact that the so-called Speculum metal was 
not a modern discovery or invention but had been 
known and used for mirrors in ancient times. 

Later, Klaproth made similar approximate analyses 
of a miscellaneous variety of prehistoric and historic 
metal objects from excavations.!? The results of these 





10 First published under the title, “Analyse chimique de la 
masse métallique d’un miroir antique,” in Mémoires de I’ académie 
royale des sciences et belles-leitres, Classe de philosophie experimen- 
tale, 1800, 14-22. A German version was later published in Al- 
gemeines Journal der Chemie, 6, 245-255 (1801) under the title, 
“Chemische Untersuchung der Metallmasse eines antiken Spie- 
gels.” 

11 “Tie Bronzen und Kupferlegierungen der alten und Altesten 
Vélker,”’ Erlangen, 1869, pp. 70-71. 

12 “Chemische Untersuchung der Metallmasse antiken eherner 
Waffen und Gerithe” in Journal fiir die Chemie, Physik und Min- 
eralogie, 4, 351-363 (1807). 
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analyses are shown in Table 7. A comparison of these 
with the numerous later analyses that have been made 





Table 7 


Analysis of Various Prehistoric and Historic Metal 
Objects from Excavations 








Cooper, Tin, 
Description Locality Period % % 
Sword Germany Prehistoric 89 11 
Knife Germany Prehistoric 85 15 
Knife Germany Prehistoric 87 13 
Fragment ef armor 
or fibula Sicily Greek 89 11 
Fragment of dish _ Italy Greek 86 14 
Metal from Quad- 
riga Island of 
Chios Greek 99.3 0.7 
Fragment of ring Germany Roman 91 9 





of similar objects indicates that Klaproth was in all 
likelihood essentially correct as to the nature and pro- 
portion of the main components of these objects. 

He also investigated the composition of certain metal 
antiquities of the cathedral church of St. Simon and 
St. Jude at Goslar, Germany.’® This church was 
founded in the eleventh century, and it is likely that 
most of the objects date from that time, although there 
are some reasons for believing that the altar of this 
church was formerly a pagan altar of considerably 
earlier date. At any rate, it appears reasonably cer- 
tain that all the objects can be dated within the 
medieval period in Germany. The method used by 
Klaproth for the analysis of these objects was essen- 
tially the same as that used for his analyses of Roman 
brass coins, though he did employ certain improve- 
ments in procedure. The results of his investigation 
are shown in Table 8. 











TABLE 8 
Analyses of Antiquities of the Cathedral Church at Goslar 
’ Copper, Zine, Lead, 
ee Object % % % 
Altar 69 18 13 
Enclosure of altar 75 12.5 12.5 
Chandelier 84 16 3 
Imperial chair 92.5 6 2.5 





These analyses are of considerable interest and im- 
portance as showing the use of brass in Germany in 
medieval times. In addition, they have a special value 
as the only analyses that have ever been made of objects 
of similar provenance. 

Apparently the only nonmetallic antiquities ana- 
lyzed by Klaproth were three specimens of ancient 
Roman colored glass mosaic from the ruins of the villa 
of Tiberius at Capri, but his analyses of these glasses 
are of considerable importance and interest, not only 





13 “Untersuchung einiger alten Metallmassen aus der Stifts- 
kirche zu Goslar,’”’ in Journal fir die Chemie, Physik und Miner- 
alogie, 9, 401-407 (1810). A somewhat abbreviated account ap- 
peared in the same year in the old Annales de Chimie, 75, 317-321 
under the title, “Analyses de quelques alliages de |’Eglise de 
Goslar.”’ 
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as the first chemical analyses of ancient glass but as the 
first chemical analyses of glass of any kind. Further- 
more, these first analyses of artificial silicates are of 
importance from the viewpoint of the history of the 
development of methods for the analysis of silicate 
rocks and minerals, since the analytical scheme devised 
by Klaproth for the analysis of these glasses set a gen- 
eral pattern for later schemes used for the quantitative 
analysis of such materials. Klaproth first reported the 
results of his analyses of these glasses in a paper read 
before the Royal Academy of Sciences and Belles- 
Lettres of Berlin on October 4, 1798.14 

All three glasses analyzed by Klaproth were highly 
colored and opaque, one being bright red, one brilliant 
green, and the other sapphire blue. His main purpose 
in analyzing them was to determine the cause of the 
coloration, but in doing so he made essentially complete 
analyses. 

In preparing these glasses for analysis, they were 
ground to a very fine powder, and samples of 200 
grains, a very large amount from the standpoint of 
modern analytical practice, were weighed out. The 
analysis of the sample of blue glass, for example, was 
begun by fusing the powdered sample with twice its 
weight of sodium hydroxide. Though Klaproth does 
not so state, this fusion was probably done in a silver 
crucible, as it is known from some of his papers on 
mineral analysis that he customarily used a silver 
crucible for such purposes, a refinement that he, him- 
self, introduced into analytical practice in place of the 
former use of iron crucibles. Platinum crucibles were, 
of course, not yet available. After cooling, the fused 
mass was treated first with water, and then with an 
excess of hydrochloric acid. The resulting solution 
was evaporated to dryness, and after digesting the dried 
mass with water, the insoluble residue of hydrated silica 
was filtered off. This residue was dried, ignited to red- 
ness, and weighed as silica. 

An excess of ammonium hydroxide solution was 
added to the filtrate from the separation of the silica, 
which resulted in the formation of a bluish solution 
containing a brown precipitate. This brown precipi- 
tate was collected and washed, the filtrate being re- 
served for later separations. 

The brown precipitate was digested with potassium 
hydroxide solution which was found to dissolve a small 
part of it. The dissolved matter was found to reappear 
again on adding hydrochloric acid to the potassium 
hydroxide solution, and this was taken as evidence of 
the presence of alumina. To determine it, a hydro- 
chioric acid solution was prepared from which the 
alumina was precipitated with sodium carbonate solu- 
tion, and this precipitate was washed, ignited to red 





14 First published under the title, ‘Sur quelques vitrifications 
antiques,”’ in Mémoires de l’académie royale des sciences et belles- 
lettres, Berlin, Classe de philosophie experimentale, 1801, 3-16. A 
German version of this same paper was later published under the 
title, ‘Ueber antike Glaspasten,” in Sammlung der deutschen 
Abhandlungen welche in der kénigliche Akademie der Wissenschaf- 
ten zu Berlin vorgelesen worden in den Jahren 1789-1800, Experi- 
mental-Philosophie, 1803, 31-40. 
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heat, and weighed as alumina. The undissolved part 
of the brown precipitate was taken to be iron oxide, and 
this was washed, ignited to redness, and weighed. 

The bluish solution from the ammonium hydroxide 
treatment was concentrated by slow evaporation until 
the major part of the sodium chloride had crystallized 
out. The supernatant liquid, which appeared to be 
somewhat acid, had but a slight green tint. This solu- 
tion was carefully tested for the presence of cobalt with- 
out success, and appeared to contain only copper. and 
“lime.” The copper was shown to be present by the 
formation of a brown precipitate on the addition of 
potassium ferrocyanide. On separating and weighing 
this precipitate it was found to amount to 2 grains, 
which Klaproth took to be equal to 1 grain of copper 
oxide, obviously a rough approximation. In the filtrate 
from the separation of the copper, the calcium was pre- 
cipitated with sodium carbonate solution, the resulting 
calcium carbonate being separated, ignited, and weighed 
to determine the amount of lime. 

Apparently no lead was present in this blue glass. 
In the other two glasses it was separated as chloride by 
evaporating the filtrate from the silica separation to a 
small volume and adding dilute alcohol to bring about 
more complete precipitation. For the determination 
of the lead the crystals of lead chloride were washed 
with dilute alcohol, dried, and weighed. In the analy- 
sis of the red glass, for example, the weight of the lead 
chloride was found to be 32!/2 grains which Klaproth 
considered, apparently on the basis of some separate 
experiments, to be equal to 28 grains of ordinary lead 
oxide. In other words, his factor was 0.86 which is 
considerably different from the present factor of 0.8025 
for this same conversion. The filtrate from the separa- 
tion of the lead as chloride was then used for the other 
separations and determinations. 

The results of his analyses of these three glasses are 
shown in Table 9. That these results are only approxi- 
mate is evident both from the imperfect analytical pro- 
cedures he used and from the results themselves. Since 
he used only a single evaporation for the separation of 
the silica, some of this must have gone through and 
contaminated the precipitate formed by ammonium 
hydroxide, and caused high results for the alumina or 
iron oxide, probably both. On the other hand, his 
results for silica may actually be too high, since he may 
not have used a sufficiently high temperature for its 
ignition and he made no corrections for the impurities 
in the ignited precipitate. Certainly, the silica content 
of the blue glass seems too high for a glass of this type. 
Also the calcium oxide content ofthis blue glass, in 
particular, seems much too low. It is not unlikely 
that a considerable proportion of the calcium was 
precipitated as carbonate and counted as iron by rea- 
son of the presence of carbonate in the ammonium hy- 
droxide used as a reagent. Again, it would appear that 
the reported proportions of lead in the red and green 
glasses are too high by reason of the use by Klaproth 
of an incorrect gravimetric factor. Furthermore, Klap- 
roth says nothing about the discrepancy between the 
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amount of sample taken for analysis and the summa- 
tions of his analyses. At least part of this general dis- 
crepancy must have been due to the presence of alkali 
oxides, and it is curious that Klaproth says nothing 
about their presence. He could not be expected, of . 
course, to think in terms of determining the propor- 
tions of potassium and sodium in these glasses, since 
these elements had not yet been isolated and recog- 
nized as distinct metals, but, in view of the knowledge 
of glass making current in his day, it could be expected 
that he would have known that alkali metal compounds 
were essential ingredients in the manufacture of glass, 
at least of glass containing little or no lead. Also his 
analytical figures do not take into consideration the 
fact that certain of the components could exist in the 
glasses in different states of oxidation, though he recog- 
nized that copper did exist in different states. All 
these considerations lead to somewhat different figures 
than he gives for the composition of these glasses. In 
Table 10 are shown, on a percentage basis, recalculated 
figures for his analyses that probably represent closer 
estimates of the actual composition of these Roman 
glasses than the ones he published. 


























TABLE 9 
Analysis by Klaproth of Specimens of Ancient Glass 
Mosaic 
Red Green Blue 
glass, glass, glass, . 
Component grains grains grains 
Silica 142 130 163 
Oxide of lead 28 15 None 
Oxide of copper 15 20 1 
Oxide of iron 2 7 19 
Alumina 5 11 3 
Lime 3 13 0.5 
Total 195 196 186.5 
TABLE 10 


Klaproth’s Analyses of Ancient Glasses Recalculated and 
pressed on a Percentage Basis 











Red Green Blue 
glass, glass, glass, 
Component o + &% % 

Silica 71.0 65.0 81.5 
Lead oxide 13.0 7.0 None 
Cuprous oxide 6.8 None None 
Cupric oxide None 10.0 0.5 
Ferrous oxide 0.9 None 8.5 
Ferric oxide None 3.5 None 
Aluminum oxide . 2.5 5.5 1.5 
Calcium oxide E:6 6.5 0.3 
Alkali oxides and loss 4.3 2.5 y ey 
Total 100.0 100.0 100.0 





He was not far wrong in his conclusions as to the sub- 
stances responsible for the colors of these glasses. He 
concluded: that copper was the main coloring agent in 
both the red and green glasses, but that the difference 
in color was the result of different states of oxidation 
of the copper. This was an advanced idea for the time 

(Continued on page 268) 





Ix rue preceding paper (9) the principle of lamination 
was established, from a practical point of view, as a 
clear and logical manner of portraying the electronic 
configuration® and the relationship of chemical proper- 
ties to the position of an element in the periodic table. 
In order to encourage its acceptance the first arrange- 
ment departed as little as possible from a familiar form 
of the periodic table and consequently did not take full 
advantage of the laminar principle. 

In the present paper the development of the laminar 
table will be presented from a theoretical point of view 
together with modifications of the original design. 

To base the table firmly upon quantum-mechanical 
rules the arrangement was made according to (1) elec- 
tronic configuration, (2) energy level requirements, and 
(3) increasing atomic number. Thus the first four 
quantum series when complete are conventionally de- 
scribed (1) in the following manner. 





TABLE 1 


K-shell 1s? 

L-shell 2s*, 2p° 

M-shell 3s?, 3p°, 3d'° 
N-shell 48%, 4p°, 4d", 4f14 








While the above notation shows which electronic 
groups are possible it does not show the order in which 
they will be filled. It is necessary to turn to energy 
level diagrams and atomic numbers to gain this infor- 
mation. Pauling (6) gives an energy level diagram in 
which atomic orbitals are represented by circles grouped 
to show their corresponding relative energies (Figure 1). 
Luder (3) has expressed the desirability of referring to 
an energy level diagram in the study of atomic structure 
charts. It will be seen that the electrons enter the sub- 
shells in the order given by the following notation: 
1s?, 2s?, 2p*, 382, 3p*, 482, 3d!', 4p, 5s”, 4d?’, 5p*, 6s?, 
5d}, 4fi4, 5q2 thru 10, 6p’, 7s’, 6d', 5f7. 





1 Present address, Research .Laboratory, The Goodyear ‘Tire 
and Rubber Co., Akron, Ohio. 

2 Private Publication. 

* Normal state electronic configurations of elements in the 
gaseous state. 
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Atomic Orbitals 
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(5) by the addition of circles representing energy 
values for 7s, 6d, and 5f orbitals. 


Figure 1. 


Representing more conveniently the information 
shown in Table 1 and in Figure 1, we have the form 
shown in Figure 2, where the numbers beside the paren- 
theses indicate the relative order in which the subshells 
are filled. Note that after one electron is present at the 
5d level the entire 4f subshell (14 electrons) is completed 
before additional electrons are present at the 5d level. 

Applying the principle of lamination to this extended 
tabulation and adding the corresponding symbols we 
can compress it into a more familiar design, that of a 
long form of the periodic table. The principle of lami- 
nation thus preserves the order of increasing energy 
and maintains the strict sequence of atomic numbers in 
an arrangement which reflects electronic configuration. 
All that has been required is to laminate the seven layers 
corresponding to the seven principal quantum num- 
bers, aligning them so that the atomic numbers are in 
order from top to bottom and from left to right. The 
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solution to the problem of representing the 4f and 5f 
subshells conveniently then also suggests itself. They 
are merely slipped in below the 4d and 5d positions re- 
spectively, which has the double advantage of conserv- 
ing space and portraying the close chemical resem- 
blance of these groups to lanthanum and actinium re- 
spectively. 

It has always been a problem to assign the Rare 
Earths their proper position in planar tables. The 
treatment of the Lanthanide and Actinide Series may 
follow one of three basic plans: the members of these 
f series may be shown in full in such a way as to extend 
the table horizontally by fourteen spaces; they may 
be relegated to a footnote section or a little table of 
their own; they may be shown in full immediately 
after their introductory elements, La and Ac, but plac- 
ing the remainder of the d series on the next line in such 
a way as to avoid a horizon- 
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Recent developments, however, require a reconsidera- 
tion of the question. The elements of the Lanthanide 
and Actinide Series are now more readily available be- 
cause of improved methods of separation (use of ion- 
exchange resins) and from work on radioactive ma- 
terials. The electronic configurations of the elements 
can be properly presented and they can be easily dif- 
ferentiated from neighboring elements in a laminar 


- chart without horizontal expansion of the table, and the 


growing importance of members of the Actinide Series 
(2, 6, 7) highlights the need for representing them cor- 
rectly. These facts led the authors to believe that it is 
now desirable to assign these series their rightful places 
in the main part of the table. The recognition of the f 
series and their differentiation from the d series is at- 
tained by the use of different colors (when possible), 
different types of lettering, closer spacing, and brackets 
superinscribed with the legends ‘Lanthanide Series” 
and ‘‘Actinide Series.” The complete table utilizing 
this arrangement is shown in Figure 3, and a plan for the 
construction of such a table appears in Figure 4. 


USE OF THE MODIFIED LAMINAR TABLE 


It is not necessary to print the electronic structure of 
each element beside its symbol, because the laminar 
structure and the shell and subshell divisions indicate 
the expected electronic configuration of all the elements. 
The method of determining electronic configuration is 
essentially the same as that described previously (9); 
a few additional examples are given below. 

“Normal” Configurations: 


Oxygen. Card 1 carries under the letter s the sym- 
bols of two elements, indicating the possession of 
two 1s electrons. On card 2, the two symbols 
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under s mean that two 2s electrons are present. 
Since 0 is the fourth symbol on card 2 under p, we 
assign oxygen four 2p electrons. Recapitulating, 
the electronic configuration of oxygen is 1s?; 2s?, 
2p'. 

Europium. The structure is read off, card by card, 
as 1s?; 2s?, 2p*; 3s, 3p°, 3d”; 487, 4p®, 4d™, 4/*; 
5s’, 5p®, 5d!; 6s”. 

Americium. The electronic structure is seen to be: 
1s?; 287, 2p*; 3s?, 3p*, 3d; 487, 4p*, 4d, 4/14; 
5s”, 5p®, 5d™, 5f*; 6s?, 6p*, 6d!; 7s. 


“Abnormal” Configurations. Elements with ‘“ab- 
normal” configurations are marked by a single super- 
script placed at the right, which serves the double pur- 
pose of distinguishing them from ‘normal’ elements 
and of giving the information required to write their 
actual configurations. For example, the superscript 
10 associated with the symbol Ag tells us to assign silver 
ten instead of the expected nine 4d electrons. This is 
done at the expense of one of the 5s electrons. 

Objections to long tables which ignore breaks in elec- 
tronic configuration at calcium, strontium, barium, 
lanthanum, and radium and which introduce “non- 
existent”’ breaks after beryllium and magnesium have 
been raised by Luder (3) who recommended a departure 
from the order of increasing atomic number and used 
electronic configuration as the sole basis for the con- 
struction of an “Atomic Structure Chart of the Ele- 
ments.” 

The laminar charts do recognize the breaks that occur 
after calcium, strontium, barium, lanthanum, radium, 
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and actinium. ‘On the other hand, it is felt that how- 
ever continuous the trend of chemical properties, there 
are real breaks in electronic configurations between 
beryllium and boron, and magnesium and aluminum. 
Blank spaces are left corresponding to the lp, 1d, and 
2d subshells, forbidden by the quantum number rules. 

In addition to portraying electronic configuration the 
laminar table reflects changes in energy level. Whereas 
laminar changes in depth indicate entrance into sub- 
shells of higher or lower principal quantum number, 
laminar breaks crossed from left to right and from top to 
bottom show changes (always increases) in the energy 
level of the subshell entered. The table is in this sense 
a relative energy-level diagram. 


CONTOUR LAMINAR TABLE 


By another modification, constructing the Periodic 
Chart in the form of contour laminae, it is possible to 
represent actual energy levels without the necessity of 
referring to auxiliary tables. This is done by propor- 
tioning the rises between each subshell to correspond to 
the Pauling energy diagram. Thus, although the sub- 
shells having the same principal quantum number will 


be on the same contour lamina, they will not be on the: 


same planar level. The recognition of these contour 
laminae is facilitated by the use of a different color for 
each one. A table of this type will then be more physi- 
cally correct than the previous laminar models, and it is 
a question as to which form has the most practical util- 
ity. 

We believe that the laminar periodic tables, in either 
the original or a modified form, will greatly facilitate 
systematic teaching of the properties of the chemical 
elements. Students indoctrinated with the new sys- 
tem cannot fail to obtain a clearer and more lasting con- 
ception of the fundamental principles of inorganic 
chemistry. 
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ERICH PIETSCH 


BIOGRAPHY AND CHEMICAL RESEARCHES 


(Ernst Hermann) Erich Pietsch, the eminent editor of 
the “Gmelin Handbuch der anorganischen Chemie,” 
was born in Berlin on May 6, 1902. He received his 
chemical training in the Physikalisch-Chemisches 
Institut of the University of Berlin. His first research 
dealt with absorption of gases on the glass walls of 
vacuum tubes under the influence of electrical dis- 
charges, and the results of this lengthy (1'/2 years) 
study of the clean-up effect were published (1926) as a 
213-page monograph. The doctorate was awarded 
in 1926; the dissertation was entitled “Reaction 
Kinetics at Low Pressures: Decomposition of 
Methane.” Pietsch had been a member of the Gmelin 
Handbuch staff since 1925 and was then asked to accept 
amore responsible post in this organization. However, 
he was unwilling to devote himself exclusively to desk 
work. Max Bodenstein, director of the laboratory in 
which Pietsch had turned out such outstanding ex- 
perimental work, offered him the ccatinued use of its 
facilities. ‘The necessary funds were obtained from 
the Notgemeinschaft der deutschen Wissenschaft and 
competent collaborators were engaged to carry out the 
bulk of the work which Pietsch planned and directed. 
The principal topics studied under this arrangement 
were: the dissociation of the hydrogen molecule; the 
theory and nature of contact catalysis; methods for 
determining the activity of mixed catalysts; corrosion 
and passivity of iron; metal hydrides; sensitive 
methods of detecting indium, gallium, acetylene, car- 
bon monoxide, ete. The valuable findings are avail- 
able in Pietsch’s numerous papers, and there is no need 
to say more about them here than to state that these 
researches established his reputation as a first-class 
physical chemist. 

His competency has been recognized by his being in- 
cluded in important committees, both German and 
foreign. He has repeatedly been invited to lecture on 
his various specialties, not only in Germany, but also 
in U.S.S.R., the Balkan countries, Rome, London, ete. 
As a recognized authority, he and Heinrich Remy 
represented the German Chemical Society on the Inter- 
national Commission on Inorganic Nomenclature and 
he laid the plans for its 1938 meeting in Berlin. By 
request of the American Chemical Society, he addressed 
its meetings (September, 1948) on “Future Perspec- 
tives for the Development of the Gmelin Handbook.” 
His reviews of new books are notable; they are ehar- 
acterized by keen perception and often by extensive 
philosophical comments. 
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RALPH E. OESPER 
University of Cincinnati, Cincinnati, Ohio 


THE GMELIN HANDBUCH 


A comprehensive account of Dr. Pietsch’s achieve- 
ments must necessarily stress his work on the ‘Gmelin 
Handbuch der anorganischen Chemie.” He has been 
so closely identified with this great project and it now 
bears such distinct evidences of his careful and sagacious 
planning that undoubtedly it will be his greatest legacy 
to the chemical world. 

Erich Pietsch was still attending the university when 
he was engaged, April 1, 1925, as part-time assistant in 
the editorial office of the Gmelin Handbuch. His 
worth became evident, and when he secured his degree 
he was promoted (April 1, 1927) to an assistant editor- 
ship and section head. In April, 1935, the directors of 
the German Chemical Society and the governing board 
of the Handbuch decided to continue this work with a 
greatly enlarged staff of workers. Dr. Pietsch was 
chosen to work out the details and put the plan into 
operation. On this basis he officially became the head 
of the organization on January 1, 1936, and as editor- 
in-chief took over the complete direction of the edi- 
torial office. In the succeeding years he created new 
divisions, especially history of chemistry, economic 
chemistry, and installed laboratory facilities, photo- 
copying equipment, etc. Thus the organization took 
on the character of an institute. Dr. Pietsch con- 
tinued as head of the Gmelin Institut through the war. 
As soon as possible after the German collapse, activities 
were resumed (1945) in Berlin, although the conditions 
there were very unfavorable. Because of the mani- 
fest importance of the work, the British and American 
military governments lent their support. An arrange- 
ment was also concluded with the Kaiser Wilhelm 
Society for the Advancement of Scienge, and in April, 
1946, the Institut moved to Clausthal-Zellerfeld in the 
province of Hanover. Dr. Pietsch was confirmed as 
director of the Institut. In this capacity he was 
charged with the direction and continuation of the 
Gmelin Handbuch and management of the special func- 
tions of the Institut and its affiliated press, the 
Gmelin Verlag. 

Dr. Pietsch’s objectives, especially since he took over 
the complete supervision, have extended beyond making 
the Handbuch the fundamental standard work in the 
fields of inorganic and physical chemistry. His plan 
has been to expand its coverage extensively into con- 
tiguous fields such as physics, geology, mineralogy, 
geochemistry, chemical technology, metallurgy, and 
metallography. Accordingly, the staff is no longer 
engaged predominantly in making compilations. The 
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material is worked up not only from the archival stand- 
point but also is treated critically. The accepted 
knowledge of each topic is developed into monograph 
form. Although the present series is designated as the 
eighth edition, actually the text is being assembled 
without reference to the previous editions of the Hand- 
buch. Each topic is being handled directly from the 
original sources, beginning with the classic period of 
chemistry and continuing to the immediate present. 
It is hoped that this new treatment will provide a re- 
liable foundation for future fruitful advances both in the 
pure science and its technical applications. 

Up to 1946 a total of 32,269 pages were issued. Im- 
mediately preceding the German debacle the average 
annual output was 120 sheets. Printing was resumed 
in. November, 1946. The volumes on selenium and 
antimony, and one part of that on platinum, are now in 
press. At present (1948) the staff at the editorial 
rooms is composed of about 60 scientists and a like 
number of technical workers; they are aided by numer- 
ous nonresident coworkers. The composition of the 
staff is kept fluid so that any given topic can be given 
expert treatment. 

The metals of commercial importance have a pre- 
ferred status in the Gmelin program. As early as 1927 
Dr. Pietsch began to develop, within the framework of 
the main Handbuch, a comprehensive handbook of 
ferrous metallurgy. The chief reason for composing 
this self-sufficient unit was the fact that a correspond- 
ing work had not been available to either the chemists 
or German metallurgists since the last quarter of the 
19th century. This section of the Handbuch presented 
unusual difficulties both because of the wide extent of 
the subject and because no preparatory work had been 
done. The “Handbuch der LEisenhiittenkunde’’ is 
divided into five sections and about 5000 pages are now 
available. One of the essential portions of this special 
treatise on iron, namely Sections I and II of Part A 
totalling 2200 pages of text, was completed in 1939. 
Its analytical section was finished in 1940. 

During the preparation of the material for the Gmelin 
Handbuch it became evident that the literature in quite 
a number of fields is heavily burdened by the tre- 
mendous number of patents. The inclusion of these in 
the monographic treatment of certain topics, such as 
the alloy systems, would inevitably make impossible 
the highly desirable clear over-all picture and also inter- 
fere seriously with the critical treatment. Conse- 
quently, Dr. Pietsch decided to inaugurate a new 
auxiliary series, the “Gmelin Patentsammlungen.”’ 
The available volumes, which were prepared in col- 
laboration with the Reichspatentamt, give a compre- 
hensive review of the patent situation in the field of 
alloys. 

Foreign periodicals did not reach the institute during 
the war and this gap in the literature had to be filled 
before the work on the Handbuch could be continued 
properly. Dr. Pietsch discussed the whole situation at 


the Eleventh International Congress of Chemistry held 
in ‘July, 1947, in London. The world-wide status of the 
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Handbuch was confirmed and the Institut’s position en 


was strengthened by the appointment of an Inter- ate 
national Advisory Council for Beilstein and Gmelin, th 
and also by the organization of the Compendia Com- oni 


mittee of the American Chemical Society. The peri- Ck 
odical files were brought up to date by the middle of cal 
1948, and the prospects for an early completion of the lec 
editorial work on the eighth edition of the Handbuch § ;,, 
are excellent. At present 127 foreign periodicals are r 
received regularly. 


During his American visit Dr. Pietsch held extensive J glo, 
discussions concerning the establishment of a Gmelin ai 
Scientific Information Center. Its services would be J 4, 
available at all times to workers in both pure and of | 
applied chemistry and in related fields such as geology, J wp 
mineralogy, physics, etc. The desired information J .,, 
would be mostly gleaned from the 700,000 cards now in phi 


the Gmelin files, which would be made the basis of a 7 


series of punched card archives. Each card would § cy 
carry not only a characterization of the chemical com- pap 
pound, but also a highly subdivided subject key, so that J pig, 
even detailed questions could be answered by this J Gy, 
gigantic mechanical brain. The system has been com- J 5, ; 
pletely worked out by Dr. Pietsch. The cooperation the 


of The International Business Machine Company is 
assured, and efforts will be made to set up the Informa- 
tion Center in the United States. 


HISTORY OF CHEMISTRY 


Dr. Pietsch is not only an eminent chemist and out- 
standing editor, he is also a competent worker in the 
history of chemistry. As frequently happens, this 
interest developed relatively late. In his case it was 
largely a derivative of his work on the Handbuch, where 
historical perspectives were made an integral part of his 
scheme of treating each topic. His main work in § 
history began in 1936 when he addressed a national J 
meeting of chemists in Munich. Several years of § 
thought and study had gone into his text which was § 
published in 1937 under the same title: ‘The Meaning § 
and Problems of the History of Chemistry.” 

In this fundamental discussion he urged that lectures 
on the relation of chemical science to occidental culture J 
be made a part of the educational program. He also J” 
reported here on the establishment of a central archive J 
for the history of chemistry and the natural sciences. f 
This was set up in 1936 within the Gmelin organization 
with the support of the Verein Deutscher Chemiker. 
Studies in the field of the history of chemistry thus be- 
came a regular part of the Gmelin activities, and about § 
75,000 references were assembled by the end of the war. # 
In addition to his personal studies Dr. Pietsch has § 
directed various collaborators in historical investiga- F 
tions. For example, beginning in 1938 he has super- § 
vised an examination of the manuscripts in the German F 
libraries with reference to their content of chemical F 
historical material. This task has been conducted inf 
association with several other institutions with similar § 
objectives. The centenary of the discovery by Julius” 
Robert Mayer of the principle of the conservation of J 
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energy was duly observed in 1942, and the Gmelin 
staff was entrusted with making the preparations for 
this celebration. Dr. Pietsch not only contributed an 
essay on ‘‘Mayer and the Conservation Principle in 
Chemistry” to the memorial volume issued on this oc- 
casion but, together with H. Schimank, edited this col- 
lection of 13 essays (387 pages) published in 1942 under 
the sponsorship of the Verein Deutscher Ingenieure. 

The important task of working up, from the primary 
sources, historical questions concerning the individual 
elements has been assigned by Dr. Pietsch to the history 
of chemistry section of The Gmelin Institut.” This sec- 
tion has also been working since 1942 on the preparation 
of the first German translation of and commentary on 
“The Alchymia” by Libavius (1597). Other works, 
such as the “Schedula Diversarium Artium” of Theo- 
philus Presbyter will be the subject of future projects. 

The 150th anniversary of the birth of Leopold 
Gmelin (born 1788) was commemorated by several 
papers dealing with his life, works, and times. Dr. 
Pietsch also prepared the catalog for the exhibition of 
Gmelin mementoes held at Berlin in 1938. He lectured 
on the history of the encyclopedias of the occident at 
the opening of the Institute on September 24, 1946. 
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The history of the primitive use of metals and the 
assembling of a collection of source materials on the 
history of iron (published in 1930 as ‘Eisen, Abteilung 
A”) led Dr. Pietsch to a study of primitive chemical 
technology and also the early history of chemistry in 
China, Japan, and the countries of southeastern 
Europe. As early as 1926 he was interested in the 
ethnology of the Lapps. He has studied such topics 
as the settlement of the glacial areas, the culture of the 
cave-dwellers, etc., making extensive journeys through 
the regions to gain first-hand knowledge. 

In May, 1947, Dr. Pietsch was made honorary pro- 
fessor in the Bergakademie (Mining School) at Claus- 
thal. For three semesters he has lectured there on 
“The Origin of the Exact Sciences: Selected Chapters 
from the History of the Development of the Human 
Mind.” He plans also to give courses of lectures on 
corrosion and surface chemistry. He has organized a 
series of Saturday night lectures at the Institut, and in 
April, 1948, these were augmented by a three-day col- 
loquium at the Bergakademie on “Natural Science, 
Religion, World View.” Dr. Pietsch, himself, spoke on 
“Reason and Faith.” These 19 lectures are gathered 
into a volume, “Clausthaler Gesprich.” 
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e THE SYNTHESIS 


Tue synthesis of ruby and sapphire was described in 
Tuts JOURNAL, September, 1946 (1). Since that date, 
one wholly new synthetic gem-stone and an improve- 
ment of still another have made their appearance in the 
jewelry trade. These stones are rutile and emerald. 


RUTILE 


Rutile is manufactured by a Verneuil-type furnace of 
the kind used for processing ruby and sapphire. Chemi- 
cally, rutile is titanium dioxide, TiO2. The mineral as 
it occurs in nature crystallizes in the tetragonal sys- 
tem and is conspicuous for its high density. The grav- 
ity falls between 4.20 and 4.26. Most remarkable of 
all its physical properties are the very high indices of 
refraction, 2.61 to 2.90. Diamond, by comparison, as a 
single refracting substance has an index of 2.41. Rutile, 
like diamond and zircon, has tremendous dispersion. 
When faceted it reveals a characteristic “‘life’”’ or “fire,” 
not noticeable in other stones, either genuine or syn- 
thetic. Hardness, so important to a gem-stone, is the one 
physical property in which rutile does not excel. Com- 
parable in this respect to quartz, the hardness approxi- 
mates 7 on Mohs’ scale. 

Although genuine rutile is usually dark brownish red 
in color it is also found in nature as a dark blue, violet, 
or deep green mineral. Genuine colorless rutile is 
known but is extremely rare. 

Most natural rutile occurs as a constituent of sand or 
gravel deposits, usually as one of a group of heavy min- 
erals, of which garnet and zircon are the best known as- 
sociates (2). Many tons of this titanium dioxide are 
obtained from the beaches of Brazil, Madagascar, and 
Australia and later processed into commercial TiQs. 
After refining, the oxide finds wide use in the paint and 
paper industries, and as a filler in face powder. When 
TiO» is processed into titanates, of which there are a 


Diamond 


Rutile 





Photo, permission of Tiffany & Co. 


Photograph of Synthetic Rutile and Diamond (One Carat 
Weight Each). 
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OF RUTILE AND EMERALD 


A. E. ALEXANDER 
Gem Trade Laboratory, Inc., New York 





Photo, permission of Cartier’s 


A Superb 14-Carat Flawless Gen- 
uine Emerald. A Pedigreed Jewel 
of Historical Importance 


great many, the material is utilized by radio and elec- 
trical manufacturers for its valuable electrical proper- 
ties. Due to lack of transparency and sufficient size 
very few crystals of natural rutile are suitable for fash- 
ioning into gem-stones. 

The synthetic counterpart of natural rutile was first 
manufactured in 1947. Independent of each other, two 
American industrial firms, the Linde Air Products 
Company and the National Lead Company, were the 
first to announce development of synthetic rutile. For 
Linde, the production of TiOz was in the nature of a 
new departure; National Lead, on the other hand, has 
long specialized in the manufactuye of titanium prod- 
ucts having wide industrial application. 

Because of the unusual “fire” that characterizes syn- 
thetic rutile the National Lead Company has given 
their product the commercial name of ‘Night Stone.” 
This designation is appropriate since synthetic rutile 
shows to best advantage in artificial light. 

To date, an absolute colorless stone has not been 
manufactured, the nearest approach being rutile of a 
very pale yellow color. Shades of blue, brown, and red 
can be produced, and only recently black synthetic ru- 
tile has been developed. 

The type of equipment used in making present-day 
synthetic stones other than emerald was previously de- 
scribed (1). Like the synthetic corundums, synthetic 
rutile is made in the form of a boule, but in this instance 
an oxyhydrogen source of fuel cannot be employed, as it 
is necessary to create a specific atmosphere for rutile 
growth. The exact procedure used to manufacture 
rutile has not been publicly divulged, but it is known 
that an oxygen-free atmosphere must exist in the Ver- 
neuil-type furnace. 

Since the melting point of rutile is 3315°F., a tem- 
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perature above this figure must of necessity be used to 
produce a viscous mass capable of flow. 

A 56-carat, light yellow rutile boule was donated to 
the Gem Trade Laboratory by Mr. A. K. Seemann, 
manager of the Crystal Division of the Linde Air Prod- 
ucts Company. From this particular specimen it was 
found that the material could just be scratched with a 
piece of quartz, indicating a hardness approximating 7. 
However, for accurately measuring the property of 
hardness a Knoop tester should be used, which will 
bring out the true relation between diamond and corun- 
dum, for example, having a Mohs’ hardness of 10 and 9, 
respectively. The following table gives the hardness of 
several well-known substances, including synthetic ru- 
tile: 








Stone Mohs’ hardness Knoop factor 
Diamond 10 6000-6500 
- Boron carbide 91/. 2,200 
Ruby and sapphire 9 1670-2000 
Spinel 8 1175-1380 
Precious topaz 8 1250 
Synthetic rutile t 900 
Quartz 7 710 
Feldspar 6 560 
Apatite 5 360 
Calcite 3 135 
Gypsum 2 32 





Since the Knoop hardness factors for diamond, cor- 
undum, and spinel are variable, it is to be expected that 
synthetic rutile will likewise reveal a Knoop hardness 
difference. For example, change in chemical composi- 
tion, as well as in conditions of furnace operation, can 
result in certain types of synthetic rutile having a hard- 
ness as low as 61/2. 

Should this new gem-stone become popular the ques- 
tion will at once arise as to how this stone can be dis- 
tinguished from other gems of similar color and bril- 
liance. 

First, there is the remarkable brilliance of the stone. 
For a stone possessing a brilliance so marked can be 
only one of two kinds—diamond or rutile. The refrac- 
tive indices of a gem-stone are usually determined by 
means of a refractometer.’ Most jewelers’ refractome- 
ters (modified Pulfrich type) read only to 1.80. It is 
therefore obvious that both rutile and diamond will 
give negative readings on the instrument since both 
stones have an index far above the refractometer’s 
range. Such a test will at least indicate that the stone 
being tested is not corundum, spinel, or precious topaz— 
gems which are nearly or entirely colorless and are more 
often confused with diamond than is generally realized. 

Diamond is isotropic and therefore single refracting. 
Rutile is anisotropic and double refracting. Conse- 
quently, if both diamond and rutile are viewed through 
the table or crown facets, a marked doubling up of the 
rear or back facets of rutile will be immediately de- 
tected. Diamond, of course, will reveal no such 
phenomenon. This observation can be made with an 


ordinary 10-power hand magnifier. ‘ 
A polariscope will also help to distinguish a diamond 
from synthetic rutile. 


Diamond remains dark on ro- 
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Photo, permission of Tiffany & Co. 


Synthetic Boules of Square-Shaped Pink Spinel, Pale Yellow Rutile, 
and Red Corundum. Rutile of 56 Carat Weight, Center 


tation, regardless of orientation of the stone, while ru- 
tile will be alternately light and dark as the material is 
turned every 90 degrees unless the stone is cut normal 
to the major or ‘‘c” crystallographic axis. 

If the stone is loose a gravity determination will aid 
in distinguishing. It should be pointed out that a lay- 
man could confuse the semi-precious gem, zircon, with 
synthetic rutile. A comparison of the densities of dia- 
mond, rutile, and zircon is as follows: 


Ge aches Can eer aoe fed Foe 4.68-4.70 
RURERENN A CWC 0's eked A Oe mae ba NS 4.20-4.26 
Diamond. ......... a ee reer ee 3.51-3.53 


The specific gravity of the 56-carat Linde rutile boule 
was found to be 4.22. 

X-ray fluorescence is useful in distinguishing diamond 
from rutile. All diamonds have a bright to brilliant 
fluorescence when irradiated by X-rays. Synthetic ru- 
tile, on the other hand, is inert when tested under iden- 
tical conditions. However, it should be pointed out 
that zircon also produces a brilliant fluorescence when 
irradiated with X-rays (17, 18). 

X-ray radiography can also be employed as a means 
of differentiating diamonds from rutile and zircon. 
Diamonds are very transparent to X-rays. Rutile and 
zircon are opaque, a fact readily revealed when these 
stone are radiographed together. 

When diamond and rutile are photographed side by 
side diamond shows up to better advantage as can be 
seen in the illustration. This is remarkable since rutile 
with its higher indices of refraction and greater disper- 
sion should theoretically be a more brilliant stone. 

Mention should also be made of the long slender mi- 
croscopic needles of rutile that are characteristic inclu- 
sions in some of our most important genuine gem-stones. 
Most rubies, sapphires, and many garnets, as well as 
quartz, contain rutile. Interlocking titania needles, 
similar in appearance to those observed in genuine cor- 
undum stones are an important constituent of the new 
Linde synthetic star stones (1, 3, 4, 5). 


EMERALD 


The only gem-stone which has been successfully 
crystallized isemerald. Today, perfect hexagonal crys- 
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tals of this beryllium aluminum silicate, BesAl2(SiOs)6., 
are produced which can be distinguished from the gen- 
uine only by very careful examination and by the use of 
modern scientific methods. 

The famous French chemist, Hautefeuille, was the 
first to synthesize emerald. His experiments date back 
to 1888 (6). Not much more was done until 1930 when 
the I. G. Farbenindustrie succeeded in growing crystal- 
line emerald (7). The Germans gave the name “Ig- 
merald” to this product. The crystals, though small, 
were structurally perfect beryl—the parent mineral of 
true emerald. German scientists developed good color 
in “Igmerald,’’ although it was somewhat darker than 
that accepted by the jewelry trade. 

However, there was no commercial development and 
there the matter rested until 1935, when the American 
chemist, Carroll Chatham, of San Francisco, announced 
that he had crystallized emerald in his laboratory. 

Since then, Chatham has sought to improve the color 
of his laboratory emeralds, to increase their size and 
make them more nearly flawless. Faceted synthetic 
emeralds a half inch across have appeared on the mar- 
ket and crystalline groups of Chatham emeralds an 
inch across have been brought to the Gem Trade Labo- 
ratory for test. Still larger and finer specimens are 
available, according to information received from the 
authorized dealer in these stones. 

Although several articles have been written on the 
Chatham emerald the details of the process by which 
they are grown have not been disclosed (8, 9, 10). 
Since I. G. Farben and Chatham emeralds are grown as 
actual crystals—thereby differing from synthetic ruby, 





Photo, permission of Roland Harvey, PIC Magazine 


Synthetic Emerald Crystals (Lower); Genuine Emerald Crystals 
(Above). Note Similarity. Darker Color of Synthetics Is Due to In- 
creased Chromium Oxide Content. * 
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sapphire, spinel, and rutile which are manufactured in 
the form of a boule—the process has to be one of grow- 
ing the beryllium aluminum silicate from a solution. 
Several articles have been published on the methods 
used to grow synthetic quartz crystals and it is gener- 
ally believed that a modification of this technique is the 
one employed in making synthetic emeralds (11, 12). 

Wooster and Wooster succeeded in synthesizing 
quartz by suspending a natural quartz seed crystal 
from a silver wire in a heated and pressurized sodium 
metasilicate solution to which had been added a min- 
eralizer, as well as a piece of fused silica. After a period 
of hours a gradual transfer of silica from the particle of 
fused silica to the quartz seed crystal took place. By 
this method the synthesis of quartz had been achieved 
(18). 

The Bell Telephone Laboratories have also reported 
success in synthesizing quartz (16). 

Since it takes a considerable period of time to grow, 
these crystals, a price of $90 a carat is asked for really 
fine quality synthetic emerald (a boule of synthetic cor- 
undum can be produced in a matter of four or five 
hours). This is quite an increase over the price of 
synthetic ruby, sapphire, or spinel which can be mar- 
keted today for three and four cents a carat! If the 
demand increases for synthetic emerald and if manufac- 
turing methods are perfected a reduction in price per 
carat can be anticipated. 

Before discussing ways by which synthetic emerald 
can be distinguished from the genuine, the basic physi- 
cal properties of natural emerald should be reviewed. 

Genuine emerald, the green variety of beryl, crystal- 
lizes in the hexagonal system, often as well-defined crys- 
tals. This beryllium aluminum silicate has a hardness of 
71/.. The density for high-grade emerald is 2.71. In- 
dices of refraction of Muzo, Colombia, emeralds— 
which are the finest quality stones of this species found 
in nature—are 1.570 to 1.580. There is also on the mar- 
ket a lighter-colored Colombian emerald known as 
Chivor. These gems are usually fairly clear and are 
characterized by parallel growth bands of light and 
darker colored green. Indices of refraction for the Chi- 
vor gems fall in the 1.569-1.577 range. The density, 
2.69, is less than that of Muzo emeralds. 

A comparison of the physical properties of genuine 
and synthetic emerald will show that differentiation is 
possible, although more difficult than it is to tell gen- 
uine from synthetic corundum. 

(1) Color. The green color in the synthetic emeralds 
examined was not a true replica of genuine emerald 
green. Anyorie specializing in the sale of genuine emer- 
alds would note this readily and to him the synthetic 
would be “‘off color.” This ability to recognize the real 
from the spurious on the basis of color alone is only 
gained by years of experience in handling many thou- 
sands of carats of the real gem. In the last three years 
an improvement in the color of synthetic emerald has 
been noted, but it is not yet an exact duplicate of the 
natural emerald green. 

(2) Inclusions. Genuine emeralds invariably contain 
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microscopic voids, usually quite irregular in outline. 
These inclusions, which may occur singly or in con- 
nected groups, may in turn contain liquid or solid in- 
clusions. In some cases, both liquid and solid inclu- 
sions are found in the same void. Furthermore, gen- 
uine emerald may contain flat, plate-like inclusions 
which can be identified as calcite. Minute, well-devel- 
oped crystals of pyrite are also sometimes found in real 
emerald. It is very, very rare indeed that an emerald of 
purest color is found as an absolutely flawless gem. 
When such a jewel does appear in the jewelry trade a 
price of five figures per carat is generally asked. 

In the case of synthetic emeralds, especially those of 
poorer quality, a series of wisp-like inclusions are always 
present. They are extremely characteristic of this ma- 
terial. However, within the past year synthetic emer- 
alds have been examined that proved to be quite clear, 
containing relatively few of those inclusions that were 
so common in earlier German and American synthetics. 
Where the quality is good a very close microscopic ex- 
amination of the inclusions is necessary. Naturally, if 
the microscope reveals small, well-defined crystals of 
pyrite, or plates of calcite, the gem is unquestionably 
genuine. Furthermore, synthetic emerald does not 
contain the so-called three-phase inclusions referred to 
above, of the kind common to the natural mineral. 

(3) Indices of Refraction. A refractometric examina- 
tion of American synthetic emerald gave readings of 
1.565-1.570. I. G. Farben “Igmerald” was found to 
have indices of 1.561—1.564 (14, 15). Genuine emerald 
has slightly higher refractive indices, 1.569-1.577 for the 
Chivor emerald, and 1.570—1.580 for the finer Muzo vari- 
eties. To determine those close differences in refrac- 
tive indices it is essential to use monochromatic light. 

(4) Specific Gravity. When the stone is not mounted 
density is always a valuable test. It is particularly 
useful in the case of separating synthetic from real em- 
erald. In manufactured emerald, one finds the specific 
gravity to be 2.65 for the Chatham product and 2.67 for 
“Tgmerald.”’ Genuine emerald has a density of 2.70, 
the finest or purest gems have 2.71. 

(5) Fluorescence. A quick and fairly sure way to tell a 
synthetic emerald from a real one has been by the pres- 
ence or absence of fluorescence under ultraviolet light 
or X-ray irradiation. With a filter designed to trans- 
mit 3600 A. and a good quartz ultraviolet lamp, syn- 
thetic emerald reveals a maroon fluorescence; genuine 
Muzo emerald does not. X-rays will yield the same re- 
sult—positive for the synthetic, negative for the real. 
However, Chivor emeralds also reveal a maroon fluores- 
cence, although somewhat weaker than that of syn- 
thetic emerald. This test is not as important as it once 
was, but it is still valid if the gem under examination is 
of Muzo origin. 

(6) The Emerald Filter. For many years there has 
been used in the jewelry trade an absorption filter, 
known as an “emerald glass.”’ With this simple device 
a, real emerald appears pink or red on examination be- 
fore a strong light source. On the other hand, any 
green mineral, such as a tourmaline, for example, or a 
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Synthetic Emeralds. Note Crystallinity of This Product. 


piece of green bottle glass, remains green through the 
filter. With the introduction of synthetic emeralds it 
was found that these, too, appeared red through the 
filter glass. While the synthetic material is usually a 
brighter red than the genuine further examination must 
be made to determine whether the emerald is real. 
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& ARE YOU GUILTY?’ 


Can it be you who are endangering your life or the 
life of one of your coworkers through improper handling 
of compressed gases? It is rarely the well-informed 
individual who works with compressed gas every day 
that gets into trouble. It is more often the person who 
occasionally uses a cylinder of these gases who en- 
dangers his life. The Compressed Gas Association has 
drafted rules for safe handling of compressed gases and 
a pamphlet including these rules is available.” If every- 
one were familiar with and abided by these rules there 
would be far fewer accidents involving compressed gas. 
Although many readers may not be familiar with these 
rules, actually, they are only applications of common 
sense. 

Would you try to pour more liquid into a glass bottle 
than you knew it could hold? Of course not! But 
several times a year we learn that someone has over- 
filled a cylinder with a compressed gas. Rising tem- 
peratures and lack of pressure relief devices ruptures 
the cylinder. Because fragments from bursting cyl- 
inders are like steel projectiles, anyone in the vicinity 
may be seriously injured or killed. 

The workman in the chemical plant who held a steam 
hose to a full ammonia cylinder to build up enough 
pressure to empty its charge rapidly, did not appreciate 
how rapidly it would empty. At the greatly elevated 
temperature, the cylinder became liquid-full due to 
expansion. Hydrostatic pressure finally ruptured the 
cylinder because the bursting pressure of the cylinder 
was exceeded. The gas space in a cylinder cushions the 
expanding liquid when the temperature rises. If no gas 
space is present, the cylinder bursts because liquids, 
unlike gases, are almost noncompressible. Actually, 
pieces of that man’s body were scraped from the roof 
girders. That sounds like a crude way to state the case, 
but it actually happened that way. 

Another variation of the same accident took place 
just a few years ago in a refrigeration manufacturing 
plant when a cylinder became liquid-full with no one in 
the vicinity. This 1500-lb. steel cylinder containing 
one ton of “Freon-12” refrigerant was inadvertently 
heated beyond its recommended limit for safe opera- 
tion. The overheating was caused by mechanical 
rather than human failure when the heat control failed 
during the night. When the cylinder burst, */, ton of 





1 The opinions stated in this article are those of the author and 
do not reflect on the opinions and policies of Kinetic Chemicals, 
Inc. 

2 “Safe Handling of Compressed Gases,” Compressed Gas 
Association, Inc., 11 West 42nd Street, New York, N. Y. 
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steel went crashing through the roof and wrecked the 
main transformer for the entire plant. It was more 
than two days before that large plant resumed opera- 
tions. 

These two cases illustrate the result of too much heat 
on gas cylinders, but too much cold may be almost as 
bad. How many times in the laboratory has someone 
cooled a small cylinder of undetermined material of 
construction to a very low temperature in order to 
charge it with a low boiling liquid, without realizing that 
in the region of —100°F. some metals become fragile or 
develop tremendous strains? When such cylinders 
again reach room temperatures, the internal pressures 
developed may be sufficient to cause rupture. And 
don’t forget—if it is aimed right, a small cylinder can 
cause as much injury, death, and property damage as 
a large one! 

Not many years ago, in a chemical company’s re- 
search laboratory, someone was in too much of a hurry 
to fasten a large hydrogen cylinder to the wall with a 
restraining chain. For some unknown reason the 
cylinder lost its balance—after all they are all top 
heavy—and fell to the floor. As it fell, the valve at the 
top struck another object and was sheared off. Thus, a 
rocket was born. The cylinder took off, charged 
through two inside partitions, blasted through the 
brick outer wall, and finally landed out in the yard 
several hundred feet from its starting point. Luckily, 
no one was in its path. This accident would not have 
occurred if the chain had been fastened or a supporting 
stand provided. As a result, this company barred this 
size cylinder from the laboratory and now either pipe 
the gases into the building from outside or use smaller 
cylinders. Next time, they might not be so lucky. 

Whenever an inexperienced person tampers with a 
cylinder he may get into trouble. We recently read 
about the tragic accident in a university laboratory 
where two men were killed by hydrogen sulfide. What 
many do not know is the cause of this accident and 
there is a lesson in it for all of us. The man who was 
new at the job was attaching a full H.S cylinder to the 
gasometer system which supplies the gas to the entire 
laboratory. He was so unfamiliar with the construction 
of the valve that he used the wrench on the fusible plug 
and removed it instead of the cap from the threaded 
fitting. When the gas came rushing out, it is assumed 
that the experienced man attempted to screw the plug 
back in. How futile the effort! If they had only made 
a dash for it. Only a few feet to the great open spaces. 
Can’t you just see them in this little room frantically 
trying to push a little plug back in a hole with gas 
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coming out under 100 or more pounds pressure? And 
then the poison gas concentration overtook them. The 
first lessons to be learned from this tragedy involve 
proper instruction of new workers, including correct 
procedures to follow under all possible conditions, both 
usual and unusual. This should include instructions to 
get out rapidly if the gas accidentally escapes. The 
second lesson is that inexperienced people should not 
work alone on dangerous jobs. 

Did you ever watch the liquid shoot out and cover 
everything in the vicinity when someone accidentally 
opened the wrong valve of a standpipe cylinder? 
Standpipe cylinders are usually equipped with two 
valves, one for the vapor phase and the other for the 
liquid phase. Always be sure you open the right one. 

One of the principal causes of accidents involves 
misreading or neglecting to read the labels on gas 
cylinders. Years ago many patients in hospitals were 
subject to acetylene or other gases instead of oxygen 
because of mistaking the proper cylinder. That acci- 
dent does not occur any more because the cylinder 
fittings have been made different now just so that per- 
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formance cannot be repeated. At the same time we 
must guard against use of adapters so that these safety- 
conscious efforts of the gas manufacturers will not be 
thwarted. The change was made for the protection of 
everyone. 

Cylinders should never be connected to any system 
in such a way that the pressure can reverse, resulting in 
gas flowing back into the cylinder. It is dangerous to 
allow the same gas to suck back into the cylinder but 
it is even more so if a different gas is involved. In one 
example where ammonia sucked back into an ammonia 
cylinder at a dairy resulting in overcharging, the cylin- 
der blew up at night killing several dairy cattle. 

The safe handling and use of cylinders has been made 
easy. Although millions of cylinders are in circulation, 
they are not dangerous when properly handled. Those 
last three words ‘‘when properly handled” mean the 
difference between safe handling and serious accidents. 
Establish correct procedures, properly instruct per- 
sonnel, and see that safe practices are followed. Learn- 
ing by experience rather than by following instructions 
may prove fatal. 


8 NEATNESS AND EFFICIENCY AT THE GLASS-BLOWING TABLE 


Tus glass-blowing bench, a necessary adjunct of most 
research laboratories, often represents the ultimate in 
disorder and untidiness. An array of shapers, carbons, 
tongs, and other paraphernalia scattered over the table 
top with fragments of glass not only presents an un- 
pleasant picture but is not conducive to good work- 
manship. Furthermore, in the more common pro- 
cedures in glass working, an assortment of solid corks 
and corks fitted with a glass tube for blowing are re- 
quired. More often than not a cork of the required 
size is not at hand and the work must be interrupted. 


The authors have found that a plywood board such 
as is shown in the accompanying photograph alleviates 
these difficulties to a great extent. A piece of */s-in. 
plywood, 20 X 38 inches, is mounted on the wall behind 
the glass-blowing table. The board is fitted with 
hooks to accommodate shapers, carbons, files, tongs, 
swivels, calipers, tinted spectacles, gas lighter, iron 
gauze, torch tips, and cork gage. It also contains two 
holes for each cork size from one to 26 and a four-com- 
partment tray for smaller corks. In this manner all 
tools are instantly available, and delays in preparing 
corks and in changing torch tips are eliminated. The 
layout details will not be given since most individuals 
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Board For Glass Blowing Tools 


will wish, to modify the board according to their own 
personal fancy. Also, the shape and size of the board 
may be limited by the available wall space. 





© A LECTURE DEMONSTRATION OF THE 
DONNAN EQUILIBRIUM 


T'ue first mention of the effects which must arise in a 
system of two solutions of electrolytes, where at least a 
single ionic species is restricted to one of the two solu- 
tion phases, was made by Ostwald! in 1890. Some 
twenty years later Donnan” * observed these effects 
experimentally while measuring the osmotic pressure 
developed across a membrane which was impermeable 
toalargedyeion. While these effects have been widely 
observed and are known to be of considerable impor- 
tance in many chemical and biological phenomena a 
ready classroom demonstration of them has not been 
available. This is primarily because the permeabilities 
of membranes which can show strong effects are too low 
to permit the establishment of equilibrium within a 
short period of time. The development of the ‘‘Perm- 
selective’ membranes described by Gregor and Soll- 
ner* > now permits the easy demonstration of Donnan 
effects. 

A striking lecture demonstration is carried out by 
immersing a protamine-collodion membrane (which is 
permeable only to anions) filled with 1 N Mg(NOs)2 
solution in a beaker containing a large volume of 0.001 
N MgCl. After approximately 45 minutes of contact, 
and with properly prepared membranes, the external 
chloride concentration has dropped while the chloride 
concentration inside the membrane has risen until it is 
several times the external concentration. Thus, the 
chloride ion has been concentrated manyfold against 
its own gradient. At the end of the experiment this 
effect is demonstrated by the addition of silver nitrate to 
diluted inside and outside solutions, observing the result- 
ant turbidity. 


PREPARATION OF MEMBRANES 


The procedure for the preparation of the membranes 
required for this demonstration need not be as exacting 
as that described by Gregor and Sollner.4° Positive 
membranes are used because they are quite sturdy com- 
pared with the fragile negative membranes. «They also 
retain their properties for prolonged periods of time. 
The author has made use of protamine-collodion mem- 
branes which after a period of four years have lost only 





1 OstwaLp, W1., Z. Physik. Chem., 6, 71 (1890). 

2 Donnan, F. G., anp A. B. Harris, J. Chem. Soc., 99, 1554 
(1911). 

3 Donnan, F. G., Z. Electrochem., 17, 572 (1911). 

4Grecor, H. P., anp K. Souuner, J.. Phys. Chem., 50, 53 
(1946). 

5 Ibid., 88 (1946). 
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10 per cent of their original electrochemical activity. 
The use of the large, polyvalent magnesium ion instead 
of the alkali metal ions permits a high degree of ion 
selectivity with membranes of high porosity. 

The membranes can be prepared as follows: Select a 
test tube which has a uniform diameter of one inch or, 
preferably, one which tapers toward the closed end. 
Blow a small (0.5- to 1-mm.) hole in the end and then 
close it by allowing a droplet of concentrated sugar solu- 
tion to dry there. Make up a 5 per cent solution of 
collodion in 50-50 alcohol-ether mixture (a commercial 
preparation is satisfactory). Fix the tube in a hori- 
zontal position on a rotating mandrel. Hand rotation 
can be used but is much less satisfactory. The speed 
of rotation should be 18 to 20 r. p.m. The room tem- 
perature should be about 18 to 20°C. If the room 
temperature is higher increase the percentage of alcohol 
in the collodion solution accordingly. Then pour the 
solution over the rotating tube, catching the drippings 
in a beaker. It is better to use an excess rather than a 
deficiency of solution. Repeat this procedure after a 
three-minute interval, then again in five minutes. Fi- 
nally, allow six minutes for drying. Remove the tube 
from the rotating mandrel rod and immerse it in cold 
water. 

After several changes of water the membrane which 
is still on the glass tube is impregnated with a 4 per cent 
solution of protamine sulfate® dissolved in a 0.05 M 
buffer of sodium borate-hydroxide (19 g. of borax plus 
4 g. of sodium hydroxide per liter) at pH 11. This is 
done in a refrigerator for two to four days. The mem- 
brane then is washed and allowed to dry for one day in 
open air, if the relative humidity is in the range 30 to 
70 per cent; otherwise, a humidistat must be used. 
After more soaking in water, the membrane can be 
pulled off the casting tube and secured to the rim of a 
glass cylinder one inch in diameter. The selectivity of 
the membrane can be measured by filling it with 0.1 N 
NH,Cl and immersing it in an equal volume of 0.1 NV 
KNO; solution. If the membrane is selective, it will 
permit the interchange of anion, but not of cation. 
Therefore, considering the outside solution, the ratio of 
the concentration of chloride ion to ammonium ion 
constitutes a measure of the selectivity of the mem- 
brane. In carrying out this experiment, both internal 
and external solutions should be stirred continuously. 
After 30 minutes, the external chloride concentration 





6 This is obtainable as salmin sulfate from Eli Lilly and Com- 
pany. 
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should be at least 0.02 N and the ammonium concen- 
tration not more than 0.004 N, or an ion selectivity ratio 
of 5 should be reached. If the ratio is less than 5, and 
the chloride ion concentration is greater than 0.02 N, 
the membrane is too porous. In this case, the mem- 
brane may be made less porous by allowing it to shrink 
in air without internal support. 


DEMONSTRATION 


The lecture demonstration is set up by immersing the 
membrane bag, filled with 1 N Mg(NOs) solution, in a 
beaker containing 100 times the membrane volume of 
0.001 N MgCl.. Both solutions must be stirred con- 
tinuously, either by streams of air bubbles or by electric 
stirrers. If a test tube 4 inches long is used for casting, 
the membrane will contain 25 ml. of solution, requiring 
a 2500-ml. external volume. Thus, at equilibrium the 
concentration of (NOs3-)in = 0.91, (NOs) = 
0.0009, (Cl-)in = 0.091, (Cl-)out = 0.00009, calcu- 
lated from the Donnan relationship (NO;~)i./(NO3~)- 
out = (Cl-)in/(Cl—)out. It is not necessary to add a 
nondiffusible nonelectrolyte to the system to equilibrate 
the osmotic pressures, for the mass flow of solvent is 
negligible through these membranes. 

In practice equilibrium is not reached for several 
hours. However, in a period of 45 minutes one can 
usually achieve 50 per cent of the equilibrium state, or 
Cl-)in = 0.045, (Cl—-).u = 0.00055, or at least 20 per 
cent of equilibrium, (Cl-)i, = 0.018, (Cl-)u = 
0.00082. 

The accumulation effect is demonstrated by diluting 
10 ml. of the original and final solutions to 100 ml. in 
graduated cylinders and adding a few ml. of concen- 
trated AgNO, solution in nitric acid. Shown against a 
dark background, especially with the aid of a Tyndall 
beam, the “sucking out” of chloride from a dilute solu- 
tion and concentrating it 10- or 100-fold against its own 
gradient forms a striking demonstration of Donnan 
phenomena. A photograph of the results of an experi- 
ment is shown in Figure 1. 


STATISTICAL DERIVATION OF DONNAN 
PHENOMENA 


The classical derivations of the Donnan equilibrium 
employing either the principles of maximum work or 
free energy may be somewhat advanced for under- 
graduate students, or particularly medical students. 
The kinetic derivations, which may be more simple, are 
subject to dubious assumptions. The equilibrium state 
for this experiment can, however, be derived from 
probability considerations. Here the anions, to which 
the membrane is permeable, distribute themselves be- 
tween the two volumes in a completely random manner, 
subject to the conditions of restraint for the system, 
namely, restriction of the cations and electroneutrality. 
Let the concentrations of nitrate and chloride in solu- 
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Figure 1 


tion J be represented by (NO;~); and (Cl-);, and in 

solution 2 be (NO3~)2 and (Cl~)z. Then, considering 

the exchange of a single (chloride) anion from 1 to 2 

and from 2 to 1, the probability for the first process is 
(Cl-): ; 

(Cl-): + (NO3~): 


and for the second process is 


PCl-1—>93 = 





(Cl-)2 
(Cl-2) + (NO37)2 


Similar expressions can be written for other anionic 
species. Since at equilibrium the probability of the 
exchange of an anion species with itself must be unity, 
or P+; +2 = P*, +, then if C,; and C2 represent the 
total concentrations of the salts in solutions J and 2, 
(CIM) _ (Cl)2 (NOs7): _ (NOs) 
Ci a5 2 & C2 





PCl-2¢—1 = 





or 
(Cl-) it (NO3~): = Ci 
(Cl-)e (NOs-)2 C2 
Here activities should be used in place of concentra- 
tions, but this is a minor correction for ions of the same 
valence. 








& SOME NOTES ON THE HISTORY OF 
THERMOCHEMISTRY' 


INTRODUCTION 


Thermochemistry for the purposes of the present 
paper shall be defined as the study of the heat effects 
accompanying chemical reactions, with the term re- 
actions used in the broader sense to include also proc- 
esses of fusion, vaporization, and transformation be- 
tween different crystalline forms. Sometimes heat 
capacities are also given consideration in such a con- 
nection, but here, partly for reasons of spatial econ- 
omy, we shall omit them except in so far as they enter 
into the change of heats of reaction as a consequence 
of temperature alterations. Moreover, because of the 
great number of organic compounds known and the 
relatively better development of the systematic data 
in this field of chemistry (and perhaps also because of 
the primary interests of the writer), the thermochemis- 
try of organic compounds will be especially emphasized 
in this discussion. 

In dealing with chemical reactions as ordinarily 
carried out, two types of processes are important: (a) 
those at constant volume and (b) those at constant 
pressure. The heat evolved in the first case represents 
the decrease in energy of the system; that in the second 
case represents the decrease in enthalpy. Using the 
notation of Lewis and Randall (20a), we shall desig- 
nate these as — AZ and — AH, respectively. At con- 
stant pressure they are related by the simple equation 


AH = AE + PAV (1) 
THEORETICAL FOUNDATIONS 


While a certain amount of theoretical speculation, 
as well as crude experimentation, had been carried out 
previously, the .cience of thermochemistry really de- 
rived its fundamental theoretical foundations in the 
decade from 1840 to 1850 with the promulgation of the 
law of Hess and the first law of thermodynamics. 

The former of these principles, often termed the law 
of constant heat summation, involves the notion that 
the total heat effect in taking a chemical system from 
an initial state A to a final state B is definite and 
independent of the path followed in the transformation. 
It was enunciated by Hess (10) in 1840 and was based 
on a considerable number of calorimetric measurements. 
Table I summarizes one set of such measurements by 
Hess, in which a certain definite amount of concen- 





1 Presented at the Symposium on Thermochemistry at the 
114th meeting of the American Chemical Society at Portland, 
Oregon, September 13, 1948. 
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trated sulfuric acid was neutralized by dilute potassium 
hydroxide solution, first directly in one step and then 
in a two-step process in three subsequent experiments 
in which the given quantity of concentrated acid was 
initially diluted to yield acid-water mixtures of the 
indicated strengths before the neutralization reaction. 

Logically, of course, this law of Hess may be derived 
as a corollary of the first law of thermodynamics, or 
principle of conservation of energy, which was estab- 
lished a few years later through the studies of Mayer 
(21), Joule (14) and Helmholtz (9), and which yielded 





TABLE | 
Comparative Data of Hess for the Reaction: 


——Heat produced by——-— 








Acid neutraliza- Sum of 
composition dilution tion heats 
H.SO, ae 597.2 597.2 
H.SO,, HO 77.8 527.1 604.9 
H.SO,, 2H.O 116.7 483.4 600. 1 
H2SO,, 5H2O 155.6 443.4 601.0 

Mean mee a Se 600.8 





the concept that the chemical energy of a system is a 
definite function of its state, as defined by such proper- 
ties as temperature, pressure and, in the case of solu- 
tions, concentration. The heat absorbed (or evolved) 
in the course of a chemical reaction is then a direct 
measure of this change in the chemical energy content 
of the system for a constant-volume process and is 
closely related to the energy change, by equation (1), 
for a constant-pressure process. 

These two principles suffice for handling the heat 
effects in processes at a given, constant temperature. 
However, for then calculating the heat of reaction at 
some other temperature, recourse must be had to a 
third principle, developed first experimentally in 1851 
by Person (26) and a few years later‘on theoretical con- 
siderations by Kirchhoff (6). This Person-Kirchhoff 
law may be conveniently stated in the following equa- 
tion form for a constant-pressure process 


. 7) p= ACP (2) 


where AH is the increase in the enthalpy, or the heat 
absorbed, during the process and AC, represents the 
difference between the heat capacities of the products 
and reactants. 
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EXPERIMENTAL DEVELOPMENTS 


Experimental developments, based on the preceding 
theoretical foundations, may be conveniently recorded 
here in terms of the following three periods: 

1. The pioneer or exploratory period (1850-1900), 
characterized by extensive studies with rather crude 
results, which were often in error by 1 or 2 per cent. 

2. The intermediate period (1900-30), witnessing 
the introduction of calorimetric refinements and the 
consequent reduction of uncertainties, frequently to 0.1 
or 0.2 per cent. 

3. “Modern thermochemistry” (1930-  ), with un- 
certainties often reduced to about 0.02 per cent. 

The Pioneer Period. Although a few earlier studies, 
such as those of Favre and Silbermann (6), are of some 
historical interest, the first outstanding workers in this 
period were Julius Thomsen (41) of Copenhagen and 
Marcellin Berthelot (1) of Paris. Initially they both 
were stimulated in their investigations by the erroneous 
notion that the determination of the heat effect in a 
reaction would yield a direct measure of chemical 
affinity. Thus, in 1854, Thomsen (40) stated: 


To measure affinity, to decompose a compound, a force is 
needed whose magnitude can be measured by the thermal value 
of the formation of the compound from the aforesaid constitu- 
ents, 


Actually, of course, it is — AF, the free energy de- 
crease in a reaction, that measures affinity or serves 
as a criterion for determining the direction of a chemi- 
cal reaction and not — AH, the heat evolved at con- 
stant pressure. While these two quantities are closely 
related by the fundamental equation 


AF =AH—TAS (3) 


they are by no means identical, and indeed some cases 
exist where AF and AH even have opposite signs; 7. é., a 
reaction may proceed spontaneously and be accom- 
panied by the absorption of appreciable amounts of 
heat. 

On the experimental side, Thomsen was a most 
indefatigable investigator. In the years from 1852 
to 1886 he made about thirty-five hundred different 
calorimetric measurements, pertaining to (a) heats of 
neutralization of acids and bases, (b) heats of reaction 
of numerous nonmetallic elements, (c) heats of reaction 
involving metals and the dilution and hydration of 
their salts, and (d) the thermochemistry of carbon 
compounds. In the latter connection he deduced a 
value of 157,870 calories per CH: increment in the heat 
of combustion of gaseous organic compounds, which 
figure compares favorably with the presently accepted 
value of 157,443 calories derived by Prosen and Ros- 
sini (28b). For combustion studies with volatile 
materials Thomsen devised his “universal burner,” 
which may be regarded as a crude precursor of the 
modern flame calorimeter of Rossini (3/). 

Berthelot started his extensive thermochemical 
studies in 1864 and continued them for more than 
thirty years. In many cases he paralleled the work of 
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Thomsen, but their results frequently differed by more 
than one per cent. An especially noteworthy con- 
tribution by Berthelot was the invention of the con- 
stant-volume “bomb calorimeter,” in which the stout 
steel bomb was platinum-lined to avoid corrosion errors 
and was filled with oxygen at an initial pressure of 
twenty-four atmospheres (2). Such abomb, surrounded 
with water containing a mercury-in-glass ther- 
mometer and suitable stirring equipment, thus con- 
stituted a calorimeter for carrying on combustions in 
the neighborhood of room temperature and with tem- 
perature rises of about two degrees. 

The bomb calorimeter provided a convenient method 
for measuring the heats of combustion of organic sub- 
stances, and consequently it was quickly adopted by 
investigators in this field all over the world. Note- 
worthy among these were Stohmann (35) and collabor- 
ators at Leipzig, and Louguinine and Zubov in Moscow. 
By 1900 a very considerable body of thermochemical 
data, subject to uncertainties of the order of one per 
cent, had thus been developed (1/4). 

These uncertainties arose jointly from (a) impurities 
in the substances available for study and (b) deficien- 
cies in the thermochemical apparatus and procedure. 
In those days the heat equivalent of the calorimeter was 
frequently computed from the heat capacities of the 
constituent materials, thermometers at their best were 
mercury-in-glass of the Beckmann type which often 
limited precision measurements of temperature to 
about +0.1 per cent, and the common provisions for 
taking care of heat exchanges with the surroundings as 
well as evaporation losses left much to be desired. 

The Intermediate Period. This period, extending to 
about 1930, witnessed great improvements in calori- 
metric methods, although it provided only moderate 
additions to the existing body of thermochemical data. 
Among these improvements may be noted the intro- 
duction of electrical thermometers of the resistance 
and thermocouple types which permitted temperature 
measurements to better than 0.0001°, improved jacket 
control both for the adiabatic and the “ordinary” 
methods of calorimetry, superior stirring of the propel- 
ler type, the elimination of evaporation losses, and the 
use of corrosion-resistant metals and alloys, such as 
tantalum and the illium (24) of the Parr bomb. 

Some of the more outstanding workers of this era, 
and their contributions, should be briefly noted. T. W. 
Richards (30) brought to a high state of development 
the adiabatic calorimetric procedure, which had first 
been tried by Person (25) in 1849. Jaeger and Stein- 
wehr (1/2) introduced electrical calibration for calori- 
metric apparatus, and later Dickinson (4) at the United 
States Bureau of Standards and Swietoslawski (38) in 
Europe were instrumental in obtaining the adoption 
of highly purified benzoic acid as the standardizing 
substance for bomb calorimeters. W. P. White (43) 
made a very thorough theoretical analysis of the rela- 
tive merits of various calorimeters and procedures in 
his American Chemical Society monograph on “The 
Modern Calorimeter.’”’ As other important contribu- 
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tors of new thermochemical data (15) we may also 
mention Roth in Germany, Verkade in Holland, Swarts 
in Belgium, Berner in Norway and Keffler in England. 
Thanks to more or less use of the calorimetric improve- 
ments just noted, most of these data involved uncer- 
tainties of the order of only one or two tenths of one per 
cent. 

However, the amount of such available data was by 
no means adequate to meet the growing needs of those 
who were making calculations in the field of chemical 
thermodynamics. Thus we find that Lewis and 
Randall (20b) in their free energy calculations were 
frequently forced to resort to the indirect, noncalori- 
metric evaluation of a heat of reaction, — AH, by 
means of the van’t Hoff relationship for the change of 
equilibrium constant with the absolute temperature 


dinK AH 

a/t) ~~ FB ” 
where K is the equilibrium constant for the particular 
reaction and R is the gas equation constant. And 
again, for testing the so-called third law of thermo- 
dynamics in the case of certain chemical reactions, 
Gerke (7, 19) provided Lewis, Gibson, and Latimer 
with extremely reliable e. m. f. data at several tempera- 
tures, whereby values of AH, accurate to within 30 
calories, were computed by the Gibbs-Helmholtz 
equation 


aE a 
it ver($7) p— NFE (5) 


in which F is Faraday’s constant, and E and N are, 
respectively, the reversible e. m. f. of the galvanic cell 
and the number of equivalents of chemical change in- 
volved in the reaction. 

Of course, such indirect methods for the evaluation 
of heats of reaction cannot be utilized in a particular 
case where the equilibrium constant has not been 
measured accurately for at least two temperatures or 
where the reaction cannot be effectuated in a suitable 
galvanic cell. This is the situation encountered with 
many organic reactions which may have been merely 
postulated or which, if feasible, have not been investi- 
gated under equilibrium conditions, 

For example, during the 1920-30 decade, when a 
thermodynamic analysis of the methanol synthesis 
became important, the derivation of AH for the 
reaction 

2H. + CO = CH,0H 


appeared most practical through use of the law of Hess 
and the available combustion data for the three sub- 
stances involved. However, a comparison (32) of the 
values available prior to 1930 for the heat of combustion 
of liquid methanol is given in the upper portion of 
Table 2 and shows a variation over a 1.5 per cent range. 
At first, the preference among these was usually 
awarded to the valuereported by Richards and Davis (29) 
but the equilibrium constants calculated thereby were 
found to be at least ten to twenty times the experi- 
mental results which were later obtained. ‘To make a 
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long story brief, it subsequently developed that 
Richards and Davis must have had approximately one 
per cent of unrecognized water in their methanol 
sample, and the extremely accurate value of Rossini 
in 1931 finally eliminated the discrepancies between 
the thermodynamically calculated equilibrium con- 
stants and those found experimentally (4, 22). 





TABLE 2 
Heat of Combustion of Methanol 
(for Liquid in Int. Kjoules at 250° C.) 








Investigator Year — AH per mol 
Thomsen 1880 725.2 
Stohmann 1889 714 
Richards 1920 714.2 
Roth, Muller 1927 719 
Roth, Banse 1931 726 .0 (727.8)* 
I. G. Farbenfabrik 1931 726.7 
Rossini 1932 726.25 (+0. 20) 


* Initially reported as 727.8 but later revised to 726.0 kilo- 
joules. 





This methanol problem exemplifies one character- 
istic of the work in the intermediate period: the 
improvements in thermochemical methods were fre- 


quently adopted on a piecemeal or incomplete basis, © 


which often vitiated the final result to a serious extent. 
Thus, the combustion result of Richards and Davis 
for methanol should have been reliable to within 0.2 
per cent on the basis of the physical measurements 
involved but the presence of one per cent of impurity 
in the material burned was entirely overlooked. 

Modern Thermochemistry. The period dating from 
about 1930 may be considered to belong. to “modern 
thermochemistry.” It has been characterized by a 
consistent utilization of the various improvements in 
calorimetric technique which were developed in the 
previous three decades and which should reduce errors 
in the physical measurements to 0.01 per cent or less in 
many cases (37). It has also seen vast improvements 
in the preparation and purification of the substances 
under study, and in the determination of the exact 
character and completeness of the chemical processes 
involved. Its problems in detail have been discussed 
very effectively in Rossini’s excellent review (33). 

On the present occasion we shall take space to men- 
tion only some of the more noteworthy researches of this 
era. Among these should be classed Rossini’s devel- 
opment of a flame calorimeter (31) and his application 
of it to the accurate determination of the heats of com- 
bustion of hydrogen, carbon monoxide, methanol, and 
other gaseous or readily volatile substances. Some 
very important improvements have also been made in 
bomb calorimetry at the National Bureau of Stand- 
ards, including Washburn’s theoretical work (42) on 
the conversion of combustion results at high pressures 
to the standard-state process at ome atmosphere, Jes- 
cup’s redetermination (13) of the combustion value of 
benzoic acid, and the development of a procedure of 
relative bomb calorimetry by Prosen and Rossini (28a) 


for a comparative study of the thermochemistry of a 
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group of isomers, such as the nine heptanes. Among 
other recent workers in bomb calorimetry may be cited 
Huffman (11), Gilbert (3), and Parks (23). 

A truly classical series of researches is to be found in 
the hydrogenation studies of Kistiakowsky (17) and 
coworkers at Harvard. Other outstanding develop- 
ments in thermochemistry are represented by the 
measurements of heats of solution by Lange (/8) in 
Germany and Gucker (8) in this country, the micro- 
calorimetric determinations of Swietoslawski (39) in 
Poland prior to World War II, and measurements (after 
Sturtevant) of heat effects in slow reactions, as carried 
out by Sturtevant at Yale University. 

The extent to which “modern thermochemistry” 
has been improving the quality of the available thermo- 
chemical data is well illustrated by the results presented 
in Table 3 for the molal heat of combustion of cyclo- 
hexane. This striking. comparison of the experimental 
results of three early investigations with those of three 
modern studies, where the over-all uncertainties have 
now been reduced to the order of 0.02 or 0.03 per cent, 
appeared recently in a paper by Prosen, Johnson, and 
Rossini (27). 





TABLE 3 


Heat of Combustion of Cyclohexane 
(for Liquid in Kcal./Mol at 25° C.) 








Investigator Year — AH 
Zubov 1898 936.81 ( +0.94) 
Richards 1915 940.64 ( =1.89) 
Roth 1915 938.65 (=1.89) 
Parks 1940 936.72 (+0.35) 
Huffman 1943 936 .62 (+0.32) 
Rossini 1946 936.88 (+0.17) 





Equally important, moreover, to the practical user of 
such data in chemical thermodynamics and other 
fields is the fact that this modern era has so far been 
witnessing a very marked increase in the quantity of 
data published. Thus, there is already available a 
very considerable body of. highly accurate thermo- 
chemical values. 


CONCLUSION 


Within a period of about one hundred years thermo- 
chemistry, starting with errors of several per cent, has 
been brought to a stage where the uncertainties are 
frequently of the order of a very few hundredths of one 
per cent. However, modern thermochemical data are 
now being used extensively for free energy calculations 
by equation (3), and even such relatively small errors 
correspond to changes of about 200 calories in the free 
energy of formation of cyclohexane and to uncertainties 
of perhaps 40 per cent in resulting equilibrium con- 
stants. On the other hand, the corresponding entro- 
pies in many cases can be evaluated. with uncertainties 
equivalent to only 30 calories of free energy (34). 
Accordingly, our goal should be yet a tenfold reduction 
in the present thermochemical errors. 
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a A NEW REAGENT FOR DETECTION OF FERROCYANIDE ION 


In addition to the usual test for ferrocyanide ion by 
using uranyl acetate, ferric chloride (2), and titanium 
tetrachloride (8), a good number of organic reagents 
has been proposed (3-10). Recently Blank (1) sug- 
gested the alcoholic solution of quinone chloroimide for 
the detection of ferrocyanide ion. This reagent has, 
however, the drawback of becoming darkened on stand- 
ing, and hence should be freshly prepared immediately 
prior to its use. 

The writers propose hereby alcoholic solution of 
N-chlorosuccinimide as a new organic reagent for the 
detection of ferrocyanide ion. This reagent gives with 
ferrocyanide ion in neutral or slightly acidic medium, 
colorless crystals which are prisms when observed under 
a low power microscope. Under thepresent experimental 
conditions, this reaction may be considered relatively 
characteristic in comparison with most of its analogs 
reported in the literature, because no interference has 
been found from: (1) nitrogen-containing ions (CN-, 
SCN-, and Fe(CN),~%); (2) strong oxidizing agents 
(CrO =, CreO;-, AsO,-*, ClO;—); and (3) other oxy- 
ions (NO2-, NO;-, SO,", SO;-, S203", AsO2-, PO,-*, 
CO;", C04", BO.-, C,H,O¢", C2H302-) and S-. 


EXPERIMENTAL 


Preparation of N-chlorosuccinimide. Succinimide 
was prepared by the action of succinic acid on urea ac- 
cording to the procedure given by Ma and Sah (6). To 
prepare N-Chlorosuccinimide the procedure of Tscher- 
niac (11) was followed with slight modification as de- 
scribed below. 

Two and five-tenths grams of succinimide was dis- 
solved in 8 ce. of slightly basic distilled water. The 
solution was kept in an ice bath and chlorine gas was 
passed into it. Crude N-chlorosuccinimide was ob- 
tained as a white precipitate. The product was purified 
from a large amount of carbon tetrachloride. The pure 
product, in the form of brilliant, shining plates, 
melted at 150°C. 

Preparation of Test Solutions. 

0.1 M Sodium Salts: CO;7, C2Ox.", CaH,Og=, S=, CN-, NO3-, 
$0.7, S037, 82.0;-, AsO.-8, AsO.~, PO«-* (Secondary), BO.-, 
Si0;7, C2H302.— 

1 Present address is Department of Chemistry, Duquesne 
University, Pittsburgh, Pennsylvania. 
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0.1 M Potassium Salts: NO.~, ClO 

0.2 M Potassium Salts: Fe(ON)s3, Fe(CN)e~*. 
1 M Potassium Salt: Cr,07-, CrO,>. 

0.1 M Ammonium Salt: CNS- 


Tests. All the test solutions of the specified concen- 
tration give negative tests with the reagent in the me- 
dia: (1) neutral solution, (2) glacial acetic acid, (3) 8 
M HCl, (4) 8 M NaOH. Ferrocyanide ion gives posi- 
tive test in media: (1) neutral solution, (2) glacial 
acetic acid, and gives negative test in media: (3) 8 M 
HCl and (4) 8 M NaOH. 

Proposed Procedure. Prepare a 0.5 per cent solution 
of N-chlorosuccinimide in 95 per cent ethyl alcohol. 

Place 0.05 ml. of the neutral or slightly acid solution 
under test in a depression of a black porcelain spot test 
plate. Add one drop of the 0.5 per cent alcoholic N- 
chlorosuccinimide solution. In the presence of ferro- 
cyanide ion colorless, thin, prismatic crystals will be 
observed immediately. When carried out in this 
manner the test will detect 8 y of potassium ferro- 
cyanide. 
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8 DEMONSTRATION REAGENT FOR CORROSION 
OF ALUMINUM 


Tue ferroxyl reagent as described in THis JOURNAL 
by Meldrum! has been used very successfully in demon- 
strating the mechanism of corrosion in iron and steel, 
but for aeronautical engineering students it was desir- 
able to extend these demonstrations to aluminum and 
aluminum alloys if possible. A similar reagent was 
developed using ‘‘Aluminon” (Aurin Tricarboxylic acid) 
and thymol blue as the indicators. Aluminon develops 
a red color in the presence of aluminum ions and thus 
indicates the anodic areas in the corrosion of aluminum. 
The thymol blue changes from a pale yellow to a blue 
over the pH interval of 8.0 to 9.0 and develops a blue 
color in the area of the cathodic reaction. 

The electrolytic theory of corrosion has been amply 
described elsewhere. Meldrum briefly outlined it for 
the corrosion of iron, and it is essentially the same for 
other metals. Metals in general have a certain ten- 
dency to lose electrons and become ions. The greater 
this tendency the higher the oxidation potential and the 
higher the metal is placed in the electromotive series. 
However, a given metal may exhibit differences in oxi- 
dation potential between various areas in the same 
piece of metal due to strains or other conditions. This 
reaction, in aluminum, for example, 


Al — Al*8 + 3e7 (Anodic reaction) 


will take place in the area where the oxidation potential 
is the highest but cannot proceed unless the electrons 
and ions formed can be removed to prevent polarization 
or accumulation of charges in the various areas. The 


1 MevpruM, W. B., J. Cuem. Epuc., 25, 254 (1948). 
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Figure 1. 2s Aluminum Wire 
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Figure 2. 2s Aluminum Wire-Bent 


electrons may be conducted to any point on the metal 
where they can be removed in some chemical reaction. 
In the presence of oxygen and moisture the usual 
reaction is 


O2 + 2H20 + 4e- — 40H (Cathodic reaction) 


The cations formed may be removed by passing inte 
solution or by migrating along the metal surfaces until 
their charge is effectively neutralized by some anions. 
The areas where these reactions take place in the cor- 
rosion of aluminum can be observed by the use of the 
reagent described below. 


PREPARATION OF REAGENTS 


One gram of sodium chloride and 1.3 g. of agar are 
gently boiled in 100 ml. of water for about an hour to 
peptize the agar and then filtered through a cloth. 
Then 13 ml. of aluminon reagent and 15 ml. of thymol 
blue indicator solution are added and the pH is adjusted 
to 8, or just short of the formation of a blue color, with 
dilute sodium hydroxide. The reagent is then ready 
for use. 

The aluminon reagent is made by dissolving 0.1 g. of 
aluminon in 100 ml. of water. 

The reagent is used in the same manner as the 
ferroxyl reagent. Enough of the reagent is poured 
into a Petri dish or other suitable container to form a 
thin layer and allowed to cool. A piece of aluminum 
wire or other aluminum object is then placed on this 
foundation layer and more reagent is added to cover it 
completely. At this point the reagent should not be 
too hdt as distortion of the color zones may appear. 
The gelling may be hastened by setting the dish in a 
pan of cold water. The colors start to develop in about 
one hour, but sufficient development usually requires 








Figure 3. 2s Aluminum Wire-Notched 
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Figure 4. Copper Wire Around Aluminum Wire 


several hours. It is usually best to prepare the samples 
one day for observation the next day. The samples 
may be kept for several days if stored in a humidifier 
so the gel does not dry out. The metal should be 
thoroughly cleaned before placing it in the reagent. If 
the article is smooth, clean the surface with steel wool 
and then in dilute hydrochloric acid followed by a water 
rinse to remove the acid. If the surface is uneven it is 
better to use only the acid. 


TYPICAL DEMONSTRATIONS 


If a piece of aluminum wire about an inch long is 
placed in the gel, after about twelve hours the colors will 
develop as shown in Figure 1. The anodic reaction 
takes place at the ends of the wire where strains were 
introduced in cutting the wire, and the blue color show- 
ing the cathodic zone is more diffuse, covering most of 
the area between the ends. 

The effect of strain can also be shown by sharply 
bending a piece of wire (Figure 2) or filing notches in it 
(Figure 3). However, bending a piece of aluminum 
wire does not always set up sufficient strain to acceler- 
ate corrosion in the bend unless the bend is quite sharp. 
Much better results are obtained if instead of pure 
aluminum an alloy is used which will “work-harden.” 
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Figure 5. 24 st Aluminum Alloy Clad Sheet 


If a copper wire is wound around a piece of aluminum 
wire the colors develop much faster, showing how con- 
tact with a less active metal accelerates corrosion 
(Figure 4). 

A small piece of Alclad, notched through the clad 
surface in one place, enables the student to see how the 
sacrificial pure aluminum coating over the aluminum 
alloy protects the main stock (Figure 5). 

This reagent used with the ferroxyl reagent allows 
the alert instructor to devise many impressive demon- 
strations that are especially appropriate. 

It should always be kept in mind, however, that 
corrosion depends very largely on environment, and the 
conditions of exposure in the reagent are not identical 
to conditions under which the metals are often used. 
Some reputable source should be consulted for the 
effects of various environment conditions on the cor- 
rosion of any individual metal. One example will il- 
lustrate this point. 

Zinc is anodic to aluminum in most neutral and acid solutions: 
hence in such solutions contact with zine results in protection of 
the aluminum article. In alkaline solutions, the potential re- 
verses so that in these media contact with zinc can cause accel- 
erated attack of aluminum.? 





2 Unuie, H. H., “Corrosion Handbook,” John Wiley & Sons, 
Inc., New York, 1948, p. 48. 





KLAPROTH AS A PIONEER IN THE CHEMICAL INVESTIGATION OF ANTIQUITIES 


(Continued from page 247) 


in which he worked. We would say now that in the red 
glass the copper was largely or entirely in the cuprous 
state, whereas in the green glass it was largely or en- 
tirely in the cupric state. He apparently did not recog- 
nize that the iron in the green glass must have con- 
tributed something toward its color. He ‘concluded 
that iron was the sole coloring agent in the blue glass, 
but he did not realize that iron also could exist in differ- 
ent states of oxidation and that the iron in this glass 
must have been largely in a particular state of oxida- 
tion. It is not unlikely, however, that copper in the 
cupric state also contributed something toward the 
color of this blue glass, especially in view of the possibil- 
ity that the reported proportion of iron may be too 
high. At any rate, he did achieve the main objective 
of his analyses in that he found that copper or iron 


compounds were the ingredients that gave these glasses 
their colors. 

Thus it is evident that Klaproth did a variety of im- 
portant pioneer work on the chemical investigation of 
antiquities, and that in doing so he made important 
original contributions to the art of chemical analysis. 
In spite of their approximate nature, some of his 
analyses are still useful today, especially those of 
objects and materials of unusual provenance for which 
no later analyses exist: Some of his general con- 
clusions and interpretations based on his analyses are 
still valid today. Not only was Klaproth a pioneer in 
the chemical investigation of antiquities, but the 
amount, variety, and importance of his contributions 
exceeded those of any other worker in this field for over 
half a century. 
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APPARATUS FOR LECTURE DEMONSTRATION 


OF OPTICAL ACTIVITY 


Because the ordinary polarimeter is not suitable 
for demonstrating optical activity to a large class, an 


apparatus has been designed to be used as an attach- 


ment for a Delineascope. The working portion of the 
apparatus consists of four parts: (1) a base plate of 
brass having a central hole and a semicircle of fine holes 
spaced 5° apart, as illustrated in Figure 1; (2) a Bake- 
lite plate having a flanged circular hole; (3) an alumi- 
num disc flanged on the outer edge to correspond with 
the flange on the Bakelite plate and having a circular 
hole, a recessed ring concentric with the hole to hold a 
Polaroid disc, and a semicircular slot symmetrical with 
the fine holes in the brass base plate; (4) a brass ring 
which when screwed to the aluminum disc will form a 
groove that will permit the aluminum disc to be rotated 
on the Bakelite plate. Two of the screws holding the 
brass ring to the aluminum disc are short posts to be 
held when rotating the disc. The parts are assembled 
as shown in Figure 2. The ends of the semicircular slot 
are rounded so that when the slot does not expose the 
semicircle of fine holes in the brass plate, light still will 
be able to pass through the two terminal holes of the 
semicircle. A thin spur extends across the slot at the 
midpoint to hold the Polaroid disc in place. 

Adjuncts to the apparatus are a Polaroid disc, a 4-in. 
square of Polaroid, a 2-in. square of Corning No. 2404 
HR Red Filter with polished surfaces, and a cell illus- 
trated in Figure 3. The cell is made of brass tubing. 
A flange shaped to rest on the rim of the Polaroid disc 
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Figure 1. Plan of Base Plate. Dimensions in Millimeters. 1-Mm. 


Holes at 48° Intervals and 0.75-Mm. Holes at 5° Intervals 
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Figure 2. Plan and Cross Section of Assembled Apparatus. Dimen- 
sions in Millimeters 


is soldered to the bottom, and a ring is soldered to the 
tubing about half way up to cut out reflections from the 
outside of the tube. A glass disc is sealed into the 
bottom of the tube with Glyptal cement. A mark is 
scratched on the inside wall of the cell at a height of 10 
cm. 

In operation the assembled apparatus is placed over 
the light source of a Delineascope so that the semicircle 
of holes is projected on the upper portion of the screen. 
The semicircular slot then is rotated so that only the 
terminal holes are projected. The 4-in. square of 
Polaroid is placed over the projection lens of the 
Delineascope and rotated until the central hole is at 
minimum brightness. If now the cell containing 
alcohol or other optically inactive liquid is placed in the 
path of the polarized light, no change is observed. If 
the cell contains an optically active liquid or solution, 
light passes through and a color is projected on the 
screen. The color produced depends on the extent 
of rotation. If now the disc is rotated, the color on the 
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Figure 3. Cross Section of Cell. Dimensions in 
Millimeters 


screen will pass through all the colors of the spectrum, 
thus demonstrating optical dispersion; that is, the 
dependence of rotation on wave length. 

Next the disc is brought back to the zero point and 
the red filter placed on the top of the cell to give ap- 
proximately monochromatic light. The dise then is 
rotated in the direction that produces adecreasein inten- 
sity. As the disc is rotated, dots appear on the screen, 
each dot representing a rotation of 5°. When the point 
of minimum intensity is reached, the degree of rotation 
can be estimated by counting the number of dots that 
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Figure 4. Cardboard Substitute Apparatus 


appear on the screen. If the dots appear on the left, 


the liquid is levorotatory, and if they appear on the 


right, it is dextrorotatory. 

Substances or solutions giving an observed rotation 
of 40 to 60° are desirable since it then is easy to dis- 
tinguish levorotatory from dextrorotatory compounds. 
Colorless d-limonene can be used as a dextrorotatory 
liquid with dilution if the commercial product has a 
rotation of less than 70°. As a levorotatory liquid, a 
clear solution of 100 g. of /-menthol in 10 ce. of acetone 
and 15 cc. of mesityl oxide or a somewhat diluted solu- 
tion of l-menthyl acetate may be used. 

Actually the apparatus need not be as elaborate as the 
one described above. When the idea first was being 
developed, the working portion of the apparatus con- 
sisted only of a disc of cardboard with a central hole and 
a slot as a marker (Figure 4). A pair of Polaroid dises 
were used, one being placed over the hole in the card- 
board and the other centered on top of the projection 
lens. The cell was a piece of glass tubing sealed at one 
end and formed to give a relatively flat bottom. Rota- 
tion of the cardboard disc served the same purpose as 
the more complicated apparatus. Thus a pair of Polar- 
oid discs, or even some small pieces of Polaroid sheet, 
and the colored filter are all that are necessary. 

The author wishes to thank Mr. Adriaan Jansse for 
the construction of the apparatus. 
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* SEPARATION OF PRIMARY, SECONDARY, 
AND TERTIARY AMINES BY CHROMATO- 
GRAPHIC ADSORPTION ANALYSIS 


Tue separation of mixtures of primary, secondary, 
and tertiary amines has long been a classic problem in 
organic chemistry. The usual methods such as frac- 
tional distillation, recrystallization, and Hinsberg 
separation (1) often break down when applied to the 
more unusually substituted amines and especially 
where very small quantities are involved as may often 
be the case in research problems. 

As a result of our effort to synthesize 2-amino- and 
2-alkylaminoquinolines in the search for potential anti- 
malarials, we were confronted with the problem of 
separating equilibrium mixtures of 2-amino- and 2- 
methylaminoquinoline; 2-amino- and 2-dimethyl- 
aminoquinoline; 2-methylamino- and 2-dimethyl- 
aminoquinoline. These compounds do not exhibit the 
usual amine behavior (they do not diazotize under ordi- 
nary conditions) because of an amine-imine type tautom- 
erism and amidine type resonance (2). 

In any event macro methods did not lend themselves 
to a clean-cut separation of products where the total 
quantity of material was 0.2 to 0.3 g. Since the three 
compounds were all white crystalline substances with 
similar solubilities in most organic solvents (2-methyl- 
aminoquinoline and 2-dimethylaminoquinoline both 
melt at about 70°C., while 2-aminoquinoline melts at 
129°C.) the problem of separating any two of the com- 
pounds was further accentuated. The methods of 
chromatographic adsorption analysis (3, 4) offered a 
sensitive method for such separation. At first, known 
mixtures of the compounds were adsorbed from petrol- 
eum ether on activated alumina! and developed on a 
column with 5% acetone-petroleum ether solution. A 
series of fractions were collected since no visible color 
bands were formed on the column. After evaporation 
of the solvent and identification of the fractions, it was 
shown that the compounds could be eluted in the order 
that might be predicted for them: 2-dimethylamino- 
quinoline was more readily desorbed than 2-methyl- 
aminoquinoline, followed by 2-aminoquinoline which 
having the most acidic hydrogens for bonding with the 
aluminum oxide was held the most tenaciously. The 
latter could be removed only by the addition of 1% 
ethyl alcohol to the acetone-petroleum ether solution. 

A fluorescence test using a source of very short filtered 
ultraviolet rays was negative. However, later when a 

1 Activated Alumina, Grade F-20, mesh 80-200, activity 2-3 


on the Brockman Scale can be obtained from the Aluminum Ore 
Company, East St. Louis, Illinois. 
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mercury are lamp (GE, BH-4, 100 watt) was used, the 
compounds were able to adsorb some of the longer wave 
lengths which were reémitted as a brilliant blue-to- 
violet fluorescence. This simplified the separation pro- 
cedure to one of almost mechanical simplicity. 

The column and arrangement for suction filtration 
was taken to a darkroom and a petroleum ether solution 
containing approximately 6 mg. each of pure 2-amino- 
2-methylamino-, and 2-dimethylaminoquinoline? was 
adsorbed on a 48-cm. Pyrex column filled with 32 em. 
of activated alumina. Development was made as be- 
fore with 5 per cent acetone-petroleum ether solution 
and the separation into three fluorescent bands was fol- 
lowed using the mercury arc lamp as a source of ultra- 
violet light. 

An attempt was made to photograph the column, but 
since no data were readily available on taking pictures 
using ultraviolet as the only source of illumination it was 
necessary to use a number of different exposures. One 
camera (35-mm. type) was loaded with fast black and 
white film and set on a tripod using the widest stop 
opening. Another camera (reflex-type) was set to take 
color pictures using Ansco daylight film, but in this case 
an ultraviolet filter was used. Pictures were made as 
the bands progressed down the column; an eight-second 
exposure (F-3) gave the best results on black and white 
film, while a sixteen-second exposure (F-4.5) gave an 
acceptable color picture, which, however, could have 
been improved by approximately twice as much time. 

Although the room was absolutely dark except for the 
fluorescence on the column the sensitivity of the black 
and white film (no filter) gave an almost complete pic- 
ture of the room, due to reflected ultraviolet rays. The 
bands themselves were, therefore, not the most spectacu- 
lar. part of the picture, but appeared as “pinched in” 
portions on the column. In those regions ultraviolet 
light was being absorbed rather than reflected and re- 
émitted as fluorescence. 

After each band had been collected (at the rate of 40 
to 50 drops per minute) and the solvent evaporated, the 
residue was weighed and identified by its melting point, 
mixed melting point with known samples, and by forma- 
tion of a picrate derivative whose melting point was 
compared with the known. Thus it was found that 
each component of the mixture had been separated 
quantitatively. 





2 For methods of preparing pure samples of these compounds 
see reference (2), page 176. 
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Black and White Enlargements from a Color Film 


Ansco Color Exposure: 16 sec. F-4.5. A: 


The experiences and results obtained from chromato- 
graphic adsorption analysis on known compounds was 
now applied to unknowns—equilibrium mixtures ob- 
tained from a study of the reaction of 2-methylamino- 
quinoline in the presence of sodium-potassium amide in 
liquid ammonia. It had been shown by this writer 
that both 2-amino- and 2-methylaminoquinoline would 
result (6). Although fractional recrystallization and 
observation between crossed nicols of a polarizing micro- 
scope (study of the optical properties) had indicated 
these products, it remained for the quantitative separa- 
tion of the two compounds by chromatographic adsorp- 
tion and elution to prove conclusively that the 2-amino 
group would exchange for the 2-methylamino group in 
the quinoline nucleus. 

Similarly, the exchange of the 2-methylamino group 
for the 2-dimethylamino group was demonstrated by 





“Pinched portions” show two fluorescent bands developed on 
thecolumn. B: Later, after washing with solvent, three bands developed. Fromtopto bottom: Ist band, 
2-aminoquinoline; 2nd band, 2-methylaminoquinoline; 3rd band, 2-dimethylaminoquinoline. 
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treating 2-dimethylami- 
noquinoline with lithium 
methylamide in ether 
solution and inert atmos- 
phere, followed by sepa- 
ration of the products of 
the reaction by adsorp- 
tion and elution on a 
column of activated alu- 
mina. 

It was shown further 
that as little as 5 mg. 
of 2-methylaminoquino- 
line could be separated 
from 200 mg. of 2-di- 
methylaminoquinoline, a 
task that would have 
been impossible by ordi- 
nary fractional crystalli- 
zation. In another ex- 
ample, 1.7 mg. of 2- 
aminoquinoline was 
separated from 18.2 mg. 
of 2-methylaminoquino- 
line. Additional proof 
of the identity of the 
compounds was made by 
taking the adsorption 
curves in the ultraviolet 
with the Beckman spec- 
trophotometer and com- 
paring with the curves 
established for the pure known compounds. 

It was observed that the heat of adsorption was con- 
siderable. The progress of a band could also be fol- 
lowed by touching the column; where the compound 
was being desorbed, the temperature gradient was con- 
siderable. The writer often used this as a guide in the 
absence of the mercury lamp. 
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Ix piscussine the optical activity of organic com- 
pounds students learn more quickly if a few demonstra- 
tions are given. Hence, in addition to using models to 
show the asymmetry of molecules, the author has de- 
vised a simple demonstration polarimeter. This saves 
time in describing plane polarized light, the fact that 


- polarized light is not transmitted by a “‘crossed’’ polar- 


oid, and the effect of optically active substances on 
plane polarized light. What is more important than 
the time saved is that the students accept the demon- 
strated phenomenon without the skepticism which was 
common before the demonstration was used. 

In essence, the demonstration polarimeter is a crude, 
large-bore polarimeter. The details of construction 
are not critical and may be varied to fit the materials 
available and to suit the whims of the builder. The 
apparatus as described has been entirely satisfactory. 

The light source is a 50-watt light bulb mounted in 
a small recepticle at the rear. The height of the holes 
in the panels is made to correspond with the light source 
and will depend upon the type of lamp base and lamp 
which are used. The light passes through the hole in 
the rear panel, through a polaroid lens recessed in one 
of the pointers, through the tube for the solution, 
through the front polaroid, mounted in the same way 
as the rear one, and onto a piece of translucent paper, 
fastened in the hole in the front panel. The polaroids 
are mounted so that they are “crossed”? when the 
pointers are in the same plane. The author employed 
Polaroid Laboratory J-filters, No. 310. 





Figure 1 


A DEMONSTRATION POLARIMETER 
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Figure 2 


A metal tube for holding the solutions was first tried. 
Not only was there the problem of sealing the glass 
windows into the ends so that they would not leak, but 
also it was found that the plane polarized light was so 
scattered by the shiny wall of the tube that no difference 
in the intensity of the transmitted light could be noted 
upon rotating the front polaroid. It was thought to 
paint the inside wall black. However, a black auto 
radiator hose solved both difficulties. Two glass disks 
were inserted, one at each end, about three-sixteenths 
of an inch into the radiator hose. If these fit snugly, 
the seal will be water-tight without using cement. A 
pair of nearly flat watch glasses give satisfactory re- 
sults. 

The whole apparatus, except the pointers, was 
painted black in order for the pointers and the illumi- 
nated paper to show well by contrast. The details of 
construction are shown in the photograph and diagrams. 








& RAPHAEL EDUARD LIESEGANG 1869-1947 


In tHE March, 1948, issue of Tuis JourNat I reported 
the death of one of the greatest colloid chemists, 
Raphael Eduard Liesegang. The following short article, 
based upon information I recently received from his 
daughter, Maria, should give the reader some infor- 
mation about Raphael Eduard Liesegang which is 
known to very few; it deserves more general attention 
in honor of the memory of this great scientist. 

The fact that Raphael Eduard Liesegang was the 
discoverer of the periodic precipitation reactions in 
gels, now known as “‘Liesegang rings,’’ and that he 
could look back on a long and very industrious life 
during which he offered to the scientific world with the 
vision of a genius many discoveries, surprises, and 
inspirations, was not his most outstanding char- 
acteristic. The most outstanding thing about this 
man was the unsurpassed devotion to science through- 
out his life which culminated in his belief in the unity 
of the living, the environment, and the entire cosmos. 
Early in his youth he laid the foundation for his phi- 
losphy in his first book, ‘Die Organologie,” published 
in 1892, from which I would like to quote the following 
passage: “The trend toward a unified physical appre- 
ciation of nature can already be found over two thou- 
sand years ago as the basis of natural science of the ionic 
philosophers. It culminates in an attempt to find a 
law which is valid for all branches of science and can 
alone explain all facts. First I shall attempt to find 
this axiom for the organology. In the next volume I 
shall attempt the same for the inorganology, and 
finally I shall attempt to eliminate the dualism between 
organic and inorganic.” 

It is worth while to remember that Liesegang made 
this statement fifty-six years ago and therefore certainly 
deserves credit for having been the first to break down 
the barrier between organic and inorganic chemistry in 
the range of colloidal dimensions. 

Another proof that Liesegang was far ahead of his 
times in many special fields is his theoretical and ex- 
perimental contributions to photography. Probably 
one of his most classic expressions can be found in one 
of his earliest publications, when he refers to the 
“birth of silver,” at a time when analogies between in- 
organic and organic reactions were rarely mentioned. 
He compared the electron released from a Br~ ion by a 
light quantum with a masculine sperm and the Agt ion 
with a feminine egg cell. The basic photochemical 
process in AgBr would therefore correspond to fecun- 
dation. From a photographic point of view he con- 
sidered the most important question to be how the 
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growing embryo of the silver germ is formed by the 
developer. 

Very few people indeed are aware of the fact that it 
was Raphael Eduard Liesegang who had already pub- 
lished in 1891 a book entitled, ‘Contributions to the 
Problem of Electrical Television.” Not only did he 
predict, on a sound theoretical basis, developments of 
which we are so proud today, but this never-tiring man, 
who was also an outstanding experimenter, probably 
was also the first to build a workable television receiver. 

After discovering the ryhthmic precipitations in 
gelatin to which he was led by his work on photography, 
he applied his knowledge to histology and other 
branches of medical science very successfully. The 
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same can be said about his contributions to geology 
and mineralogy. 

Raphael Eduard Liesegang was not only a man whose 
entire life was devoted to science, but his idealism was 
unparalleled. His greatest characteristic, however, 
was that he always placed himself and his own contri- 
butions in the background when scientific questions 
came up for discussion. He was perhaps the most 
striking example of the correctness of the following 
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words, which Sir William Osler (1849—1919) used in the 
address he gave before the Historical Section of the 
Royal Society of Medicine on May 15, 1918: “In 
science the credit goes to the man who convinces the 
world, not to the man to whom the idea first occurs.” 

For more specific references to Liesegang’s many 
contributions to colloid chemistry, photochemistry, 
biology, histology, medicine, and television see Kolloid 
Z., 49, 225-9 (1929), and 81, 105-74 (1939). 


* THE FORMATION OF ACETONE FROM 


ACETATES 


Onz of the earliest reports on obtaining acetone from 
acetates of the alkali metals was from the work of Boyle, 
who noticed that the heating of potassium acetate 
formed a liquid. In.1732 Boerhaave showed that the 
liquid was not alcohol, and in 1805 Trommsdorff pointed 
out that the liquid obtained by heating potassium or 
sodium acetate “stands between alcohol and ether.” 
Chenevix, in 1809, found that any of the acetate salts 
formed the same liquid (1). (The constitution of the 
compound, which we now know as acetone, was later 
shown by Williamson.) This decomposition of the 
acetates was referred to by Perkin (2) in connection 
with his work on the reaction of sodium acetate and 
acetic anhydride. Krénig (3) made a study of the com- 
parative yields of acetone from various metallic ace- 
tates, and has reported a yield of 37.5% from sodium 
acetate as compared to 82.5% from calcium acetate and 
100% from the lithium salt. Others have made similar 
studies (4). It would appear that the acetates of the 
metals of the second group of the periodic table have 
received the most attention, but in view of the litera- 
ture on the pyrolysis of the alkali metal acetates, it 
seems somewhat surprising to find this reaction of these 
salts practically ignored in most present-day textbooks. 
Some laboratory manuals even indicate that the reac- 
tion does not take place. 

In the preparation of acetone several manuals for the 
elementary organic chemistry laboratory call for the 
use of calcium acetate alone, while others prescribe a 
mixture of calcium and sodium acetates. According to 
one procedure (4), “Sodium acetate is mixed with cal- 
cium acetate in this preparation in order to facilitate 
the formation of acetone.” Just what the author had 
in mind in using the word “facilitate” is problematical, 
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as the amount suggested for the probable yield is from 
about 115 to 155 per cent of theoretical, if based on the 
calcium acetate alone. In another manual (6) it is 
stated that, “The acetone is formed from the calcium 
acetate alone; sodium acetate is used as a flux.” The 
student is then expected to base his calculation of the 
theoretical yield on the calcium acetate only. This is 
unsatisfactory since on this basis many students get 
yields of well over 100 per cent. 

The following experiments were carried out to deter- 
mine the comparative yields of acetone, under the usual 
laboratory conditions, from sodium acetate, calcium 
acetate, and a mixture of the two acetates. It was also 
of interest to determine whether the low yields could be 
attributed to insufficient heating and consequent in- 
complete decomposition of the acetates. 


EXPERIMENTAL 


The sodium acetate used was the reagent grade, 
anhydrous salt. It was given a preliminary heating in 
a casserole to eliminate any moisture present. The 
hydrated calcium acetate was Baker’s c.p. analyzed 
monohydrate, and was used directly. The anhydrous 
calcium acetate was prepared by dissolving 40 g. of cal- 
cium metal in one liter of glacial acetic acid (99.5%) to 
which 35 ml. of acetic anhydride had been added toavoid 
any water in the product. The reaction took place in a 
three-necked flask provided with a reflux condenseranda 
stirrer. The precipitate of calcium acetate was filtered 
off and washed three times with 200 ml. portions of 
ether and then heated in a vacuum oven for several 
hours at 100 to 105°C. 

The procedure for the preparation of acetone was 
essentially the same as that given by Norris (6) and 
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Wertheim (6). From 16 to 28 g. of the salt or mixture 
of salts were thoroughly pulverized and placed in a 25 X 
200-mm. pyrex ignition tube. This was clamped in a 
nearly horizontal position and attached to a water- 
cooled condenser by means of a bent piece of 8-mm. 
glass tubing, using cork stoppers, The charge was 
heated with a Fisher burner and the tube was rotated to 
several positions to make the heating as uniform as pos- 
sible. This was continued until no more liquid would 
distill over, and usually took from 12 to 15 minutes. 
The distillate was collected directly in a 25-ml. distilling 
flask. For the second distillation the distilling flask 
was heated in a water bath maintained between 75 and 
80°C., and the distillate collected in a weighed vial. 

The corrected boiling range for each run is given in 
the table. For those runs in which anhydrous salts 
were used as starting materials, the upper limit was 
determined not by a change of receivers as is usually 
done in a fractionation, but by the upper limit of the 
boiling that would take-place with the given tempera- 
ture of the water bath. That is, the rate of distillation 
would diminish as the maximum temperature was 
reached. Then it would practically stop and the tem- 
perature would begin to drop, leaving the higher-boiling 
residue in the flask. In each case the per cent yield is 
based on the total acetate used. 





BLE 1 


Yields of Acetone from. Acetates 




















Boiling 
Amount, Trial range, Per 
Compounds used q. No. "C. cent 
Calcium acetate, monohydrate 9.0 1 56.5-61.0 61 
Sodium acetate, anhydrous 9.0 2 56.5-60.5 61 
3 57.0-60.5 58 
Calcium acetate, anhydrous 9.0 4 56.0-60.5 52 
Sodium acetate, anhydrous 9.0 5 57.0-61.5 49 
Calcium acetate, monohydrate 16.0 6 57.0-61.0 53 
7 57.0-61.0 59 
Calcium acetate, anhydrous 18.0 8 56.5-61.0 52 
9 55.5-61.0 55 
Sodium acetate, anhydrous 16.0 10 56.0-59.0 30 





It was thought that the lower yields in some’ cases 
might be due to inadequate heating of the acetate. In 
order to check this, the ignition tube was weighed be- 
fore and after heating to determine how close the actual 
loss in weight approached the theoretical loss, based on a 
residue of corresponding carbonates. In no case was 
the discrepancy great enough to account for more than 
a 1 to 2 per cent difference in the percentage yield of 
acetone. The maximum temperatures in the center of 
the ignition tube ranged from 575 to 625°C., as deter- 
mined by a chromel-alumel thermocouple. 


DISCUSSION 

Simple equipment was used and no attempt was made 
to refine the apparatus beyond that which would norm- 
ally be used by students in the organic laboratory. The 
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data given in the table indicate that in spite of normai 
precautions in trying to make conditions uniform for 
each run, there is considerable variation in the yields. 
More elaborate apparatus would be advisable if more 
consistent results are to be obtained. As already indi- 
cated, the variations in the yields cannot be accounted 
for by incomplete decomposition of the acetates due to 
insufficient heat. In cases where the yields were espe- 
cially low a further check was made on this point as fol- 
lows. After the usual heating period the tube was al- 
lowed to cool and the residue was removed and pulver- 
ized. The well mixed material was then returned to 
the ignition tube for further heating. In none of these 
cases was there a significant loss in weight. That the 
decomposition of the acetate was complete is further 
confirmed by the work of Ardagh (7) and coworkers, 
who state that the range from 450 to 490°C. is suffi- 
cient for satisfactory pyrolysis of calcium acetate. 

The sodium acetate, used alone, not only gave the 
lowest yields but the most inconsistent ones. The salt 
melted readily, and then as decomposition took place it 
foamed a great deal, filling the tube with a porous solid. 
Sometimes during the heating the flame had to be re- 


moved to prevent the foam from extending into the | 


outlet tube and clogging it. These conditions made it 
more difficult to heat the charge uniformly. When 
anhydrous calcium acetate was heated alone the be- 
havior was very different. The solid mass stayed in its 
original form throughout the heating and became some- 
what caked. Some of the vapors escaped from within 
the mass only after sufficient pressure had built up to 
blow little geyser-like holes through the surface. The 
hydrated caleium acetate acted somewhat the same, 
and in both cases a longer period of heating was neces- 
sary than for the mixtures. In the case of the mixtures, 
particularly when the hydrated calcium salt was used, 
considerable fusion took place, but without any appre- 
ciable foaming. The vapors appeared to escape more 
readily. It has been shown (7) that yields may be 
lowered due to the pyrolysis of acetone itself, if the 
vapors are not quickly removed from the high tempera- 
ture zone. This may in part account for the better 
results obtained from the mixtures. It will be noted 
that the calcium acetate monohydrate mixed with the 
sodium acetate gave the most consistent yields (trials 
1, 2, and 3). 
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THE QUALITATIVE SEPARATION OF CADMIUM 


ION FROM CUPRIC ION’ 


A eruop is described for the qualitative separation 
of the cadmium ion from the cupric ion by the precipita- 
tion of cadmium cyanate with an alkali cyanate. The 
cupric ion forms a complex ion with the cyanate which 
does not interfere with the separation. 

A rapid, effective separation of the cupric ion from 
the cadmium ion is probably best achieved by the 
familiar alkali cyanide method. However, this method 
is usually objectionable to instructors who teach large 
classes of freshmen and sophomores qualitative analy- 
sis. The dangers of cyanides are too well known to be 
discussed here. The method described in this paper 
offers both a safe and fairly rapid method of separation. 

This separation involves the precipitation of cad- 
mium cyanate from a neutral or very slightly acid solu- 
tion by means of an aqueous alkali cyanate, such as 
KCNO. If the cupric ion is present it will form a com- 
plex ion with the cyanate which will not interfere with 
the precipitation of the white cadmium cyanate. The 
color of the complex ion of copper formed by the cya- 
nate is deep blue resembling the cupric-ammonia ion. 

The solution containing the suspected mixture of the 
two ions should not be more than very slightly acid 
since in acid solutions the alkali cyanates will react 
vigorously with the acid to liberate ammonia and car- 
bon dioxide. These gases are expelled violently on 
the addition of alkali cyanate to a more than slightly 
acid solution. 5 

If the cyanate-treated solution of the two ions is 
allowed to stand for a considerable period of time a 
pink precipitate may be noted to have formed above the 
white precipitate of cadmium cyanate, especially if the 
solution is slightly acid. The composition of this pre- 
cipitate is unknown. The literature of the cyanates 
does not reveal any precipitate of this nature being 
formed under those conditions. However, the forma- 
tion of the pink precipitate does not interfere with the 





‘ Taken from a thesis presented by Moss Vernon Davis to the 
Graduate Council of the University of Florida in partial fulfill- 
nent of the requirements for the degree of Master of Science. 

* Present address: Department of Chemistry, The Citadel, 
Charleston, South Carolina. 

’ Hertpron, I. M., and others, “Dictionary of Organic Com- 
pounds,” Rev. ed., Oxford University Press, New York, 1943, p. 
584. 
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subsequent identification of cadmium and its formation 
may be disregarded in this analysis. 

The composition of the pink precipitate as men- 
tioned above is now under investigation by the authors. 


RECOMMENDED PROCEDURE 


The following procedure may be applied to either 
semimicro or macro techniques of analysis. 

The filtrate from the bismuth separation, if of large 
volume, should be concentrated to a workable volume, 
at least 20 ml., by evaporation on a water bath. The 
solution, on cooling, is then neutralized with dilute sul- 
furic acid so that the solution will be either neutral or 
very slightly acid. To this neutral or very slightly acid 
solution is added an excess of 3 M potassium cyanate. 
The curdy precipitate that first forms will be dissolved 
in an excess of this reagent resulting in the formation 
of a deep blue color, probably a cupri-cyanate complex 
ion. If cadmium is present a fine white precipitate will 
be observed in the presence of excess reagent. Cad- 
mium present in amounts of 0.20 mg. per ml. may be 
precipitated and separated effectively from the cupric 
ion. Moderate amounts of the two ions require the 
addition of only 3 to 5 ml. of the alkali cyanate reagent. 

The precipitate of cadmium cyanate should settle in 
about 10 minutes if fairly large amounts are present. 
In the event that only small amounts are present, or for 
a rapid settling of the precipitate, the solution contain- 
ing the precipitate may be centrifuged. The super- 
natant liquid is then decanted and the usual tests 
carried out on this portion to confirm the presence of 
the cupric ion. The presence or absence of the deep 
blue complex ion is usually a good mdication of the 
presence or absence of the cupric ion. However, this 
is not as sensitive as the usual tests for the cupric ion 
which, in any case, should be used to confirm the pres- 
ence of the cupric ion. 

After the removal of traces of the cupric ions by several 
successive washings with distilled water the cadmium 
cyanate can be dissolved in dilute ammonium hydrox- 
ide and the cadmium ion can be detected by precipi- 
tation with hydrogen sulfide. The precipitate of 
cadmium cyanate may also be dissolved in concentrated 
nitric acid followed by precipitation of the cadmium ion 
with potassium ferrocyanide. 








% A LABORATORY EXPERIMENT TO ILLUSTRATE 


DEVIATION FROM IDEAL GAS LAWS 


Ir was been noted that, while deviations from the 
ideal gas laws receive quite adequate lecture attention 
in the usual undergraduate course in physical chem- 
istry, experimental difficulties usually prohibit their 
laboratory demonstration. A simple and _ easily 
managed method is described here which serves as a 
demonstration of nonideal gaseous behavior and sup- 
plies reasonably accurate data for the calculation of the 
equation of state. 

In the procedure which is given below the only ap- 
paratus required is: (a) a small commercially available 
steel gas cylinder of the type shown in Figure 1 (about 
14 in. high, 2 in. in diameter, and supplied as shown 
with the brass fitting, A, for connection to the regular 
laboratory gas cylinders); (b) a Bourdon gage with 
high-pressure range to fit into part a of A as shown; 
(c) a heavy-duty beam balance of sufficient sturdiness 
to handle weighings of the order of 1000 to 1500 g., 
which need be sensitive at this load only to differences 
of +0.2 g.; (d) a constant-temperature (-+0.5°C.) 
water bath about 12 in. deep to accommodate the 
above cylinder. 

The procedure in determining a particular gaseous 
isotherm is as follows. 

(1) The small steel cylinder is filled to some rela- 
tively high pressure (700 to 1500 p.s.i.) with the gas to 
be used. 

(2) The cylinder is then weighed to the nearest 0.2 
g. and then immersed to its neck in the constant-tem- 
perature bath. 

(3) After five to ten minutes, which will usually 
suffice to bring temperature equilibrium in experiments 
conducted near room temperature, the gage is fitted to 
the cylinder while the latter is still immersed in the 
bath, and a reading of pressure (+10 p.s.i.) is made. 

(4) The cylinder is then removed from the bath, 
dried thoroughly with a towel, the gage removed, and a 
weighing made to check the original weighing. 

(5) While the cylinder is still resting’on the balance 
pan the valve is opened slightly and gas allowed to 
escape until the weight of the cylinder is observed to 
diminish by some predetermined value, perhaps 5 to 
10 g. The valve is then closed and an accurate weigh- 
ing made. 

(6) The cylinder is once more immersed in the bath 
and the cycle repeated until in this way a series of 
weighings with corresponding pressures down to atmos- 
pheric is obtained. 

Typical data, obtained with carbon dioxide at 23 
+. 0.5°C., are given below. 


HERMAN B. WAGNER 
Loyola College, Baltimore, Maryland 


fits large 
cylinder 




















Figure 1. Gas Containing Cylinder 


The volume occupied by the carbon dioxide in the 
cylinder was most conveniently determined by noting 
the rise in water level in a large glass graduated cylinder 
when the steel cylinder was entirely immersed, this 
giving the outside volume of the cylinder. From this 
was subtracted the volume of the steel cylinder walls, as 
evaluated from the weight of the empty cylinder and 
the density of steel. 

It is to be noted that the pressure, in atmospheres, 
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TABLE 1 
Weight of Gage pressure, Gage pressure, Weight of 
cylinder g. p.8.t. aim. gage cylinder —Wt. 
(10), g. 
(1) 1415.3 900 61.2 114.1 
(2) 1377.2 860 58.5 76.0 
(3) 1363.1 755 52.7 61.9 
(4) 1350.7 690 47.0 49.5 
(5) 1341.2 600 40.8 40.0 
(6) 1331.7 485 33.1 30.5 
(7) 1320.2 320 21.8 19.0 
(8) 1314.8 245 16.7 13.6 
(9) 1309.7 165 1E.2 8.5 
(10) 1301.2 0 0.0 0.0 


(valve open) 
Inner Volume of Cylinder: 400 + 3 ml. 





to be substituted in the expression PV/nRT in evalua- 
ting this quantity must be the Bourdon gage pressure 
plus 1. Further, in determining the total weight of 
carbon dioxide in the tank in any instance there must be 
added to the quantity tabulated in the last column of 
Table 1 the weight of carbon dioxide gas contained in 
the cylinder at zero gage pressure (7.e., at 1 atmosphere 
absolute pressure). At this pressure the ideal gas laws 
may be employed in calculating this weight as follows: 








w= ae) @ (a atm.) Soe es = 0.7 g. 
g. mol. °K. i 


When these two corrections were applied to the data 
of Table 1 the values tabulated below were obtained. 





TABLE 2 
Total weight of Totalg.mol.of Absolute pres- py 








COz in PS eieaeie CO. in cylinder sure atm. aRT 
(1) 114.8 2.61 62.2 0.393 
(2 76.7 1.74 59.5 0.564 
(3) 62.6 1.42 53.7 0.622 
(4) 50.2 1.14 48.0 0.695 
(5) 40.7 0.925 41.8 0.746 
(6) 31.2 0.709 34.0 0.791 
(7) 19.7 0.446 22.8 0.842 
(8) 14.3 0.325 17:7 0.899 
(9) 9.2 0.209 12.2 0.960 
(10) 0.7 0.016 1.0 eh 





As a test of the general correctness of these values the 
isotherm PV /nRT versus P was plotted as shown below 
(Figure 2, heavy line). This was compared with the 
same isotherm plotted from calculations based on the 
work of Michels, Michels, and Wouters! (Figure 2, 
broken line). It is seen that the values obtained cor- 
responding to the relatively high pressures in the dem- 
onstration method fall very nearly on the curve of 
Michels. At lower pressures the errors in weighing, and 
in particular in readings of the pressure gage, represent 
a greater percentage of the total weight or pressure 
read, and for this reason the demonstration points cor- 
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responding to the lower pressures are somewhat off the 
broken line curve. These errors seem to be quite ran- 
dom, however, and the mean curve through these falls 
near to that of Michels. 

By estimating the slope of the curve in the low pres- 
sure region it is possible to evaluate the constant in the 
linear equation of state for this isotherm.? The linear 
equation of state, which is applicable only to the left 
hand portion of the curve, is: 


PV 
The value of the constant 6 thus graphically evaluated 
is —0.0052. The accepted value is — 0.0051. 

It was found that in conducting this experiment the 
five- or ten-minute intervals allowed for temperature 
equilibrium to be attained provided an excellent oppor- 
tunity for the instructor to discuss with the students the 
underlying theory of the experiment, corrections to be 
applied, sources of error and their magnitude, etc. 

During the course of the experiment it is of course 
impossible to draw the full curve of Figure 2. It is 
possible, however, with the first data obtained in the 
demonstration, to show that the gas is not behaving 
ideally. This may be done as follows, using the data 
from items 2 and 3, Table 2, for illustration: 

If the ideal gas laws were being obeyed, then P = 
nRT/V. Since in this experiment 7 and V are con- 
stant, we may rewrite this equation as P = Kn, where 
the constant K = RT/V. From this it would follow 
that we should have p = Kn. From item (2), Table 2, 
K = P/n = 59.5/1.74 = 34.2. From item (8) it is 
found that K = P/n = 58.7/1.42 = 37.8. The fact 
that K is not constant shows that the gas laws are not 
being obeyed in this pressure range. 





1 MicHEts, MIcHELS, AND Wouters, Proc. Roy. Soc. (London) 
A153, 201 (1935). ‘ 


2EASTMAN AND Ro.ueErson, “Physical Chemistry,” Mc- 


Graw-Hill Book Co., New York, 1947, p. 70. 





& THE DEBYE-HUCKEL THEORY AND ITS 
APPLICATION IN THE TEACHING OF 
QUANTITATIVE ANALYSIS 


Ix 4 recent paper! the advantages of using the Brgn- 
sted theory in the calculation of the pH values of acids, 
bases and salts were pointed out. It is the purpose 
of the present communication to show how another 
modern concept, the Debye-Hiickel theory, may be 
taught to advantage in quantitative analysis courses 
and how the idea of activity, activity coefficient, and 
ionic strength may be introduced into calculations in- 
volving ionic equilibria. 

Shortly after Arrhenius announced his theory of 
ionization in 1887, the anomalous behavior of strong 
electrolytes became apparent through the work of such 
investigators as A. A. Noyes, Milner, Bjerrum and 
many others. 

Arrhenius had assumed that upon solution in water 
all electrolytes dissociated to varying extents into 
oppositely charged particles (ions). A condition of 
equilibrium was established between the un-ionized 
molecules of the solute and its ions. The extent to 
which substances ionized varied all the way from a very 
low value for substances such as hydrocyanic acid to 
the highest values (almost complete ionization) for the 
strong electrolytes such as hydrochloric acid and the 
true salts. The degree of ionization of weak electro- 
lytes, as calculated from conductivity data, agreed 
reasonably well with the values calculated from vapor 
pressure and osmotic pressure data and from the related 
measurements of freezing point and boiling point 
changes. The weak electrolytes also followed Ost- 
wald’s dilution law. However, no such agreement held 
for the strong electrolytes. 

Further, it was shown that strong electrolytes do not 
follow the law of mass action in the slightest degree and 
that the weak acids and bases follow the law only to a 
limited extent. Although the addition of a common 
ion causes a decrease in the concentration of the 
oppositely charged ion, the decrease is not proportional 
to the increase in concentration of the common ion 
except for very slight increases. The so-called mass 
action constant increased in value as the total ion con- 
centration increased. 

Following shortly after Arrhenius, Nernst? advanced 
the idea that at constant temperature the solubility of 
slightly soluble electrolytes in aqueous solution, with 
or without other electrolytes, is dependent on a con- 
stant, the solubility product constant, which is pro- 


1 NamaNn, B., Tuts JouRNAL, 25, 454 (1948). 
2 Nernst, W., Z. physik. Chem., 4, 372 (1889). 
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portional to the concentration of the ions of the slightly 
soluble electrolyte, each concentration raised to a power 
equal to the number of these ions arising from one 
molecule. 

In accordance with the Arrhenius theory it was 
assumed that in the case of a saturated solution of an 
electrolyte the postulated molecular species remained 
constant under all conditions. This notion soon came 
under the attack of many investigators. It was shown 
that the solubility product does not remain constant 
at various concentrations of salts and therefore the 
molecular species does not remain constant. 

As early as 1904, A. A. Noyes, and later Milner as 
well as Bjerrum, came to the conclusion that strong 
electrolytes are completely ionized and that the devia- 
tions from the various ideal laws were due to the at- 
traction between the ions in solution. In 1914 Bragg 
and Bragg presented proof, based on X-ray analysis of 
sodium chloride crystals, that salts in the crystalline 
state contain no molecules but are made up of alternate 
positive and negative ions held together by electro- 
static attraction. It seemed obvious that upon solu- 
tion of a salt in a solvent of high dielectric constant, 
such as water, there should be no association of the 
ions into definite molecules. 

If there are no molecules, why then do the strong 
electrolytes not behave as if they were 100 per cent 
ionized? Further, why cannot equilibrium constants 
be calculated for strong electrolytes and why do the 
solubility products of slightly soluble salts vary with 
varying salt concentrations? 

The answer to these questions was found in the 
attraction between the ions in solution. The ions do 
not act with maximum efficiency in conducting the 
electric current nor in affecting the vapor pressure of 
solutions and related properties for the following rea- 
sons. As a positively charged particle approaches a 
negatively charged particle, they mutually “slow” one 
another down or draw together according to Coulomb’s 
law which states that the force of attraction between 
oppositely charged particles is directly proportional 
to the size of the charges, and inversely proportional 
to the square of the distance between the particles and 
the dielectric constant of the medium separating them. 
The higher the concentration, the closer are the charged 
particles to.one another and therefore the greater the 
effect. 

G. N. Lewis even as early as 1901, and in much sub- 
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sequent work,* pointed out the inconstancy of the 
equilibrium constants of many salts. He introduced 
the term “‘ionic strength,” or u, to define the thermo- 
dynamic characteristics of a solution of electrolytes, 
“activity,” the effective concentration of the ions, and 
“aetivity coefficient,’ a factor by which the stoichio- 
metric concentration or molality must be multiplied 
to give the effective concentration. He established the 
relationship 

mXf=a (1) 


where 


m 


z 


a 


molality (or molarity in dilute solutions) 
activity coefficient 
activity 


It is customary to designate the molar concentration 
by brackets and the activity by parentheses, thus 


[Ag*]face = (Ag*) (2) 


It is the activity which accurately defines the thermo- 
dynamic concentrations and which must be used to 
obtain true equilibrium constants. 

For example, the thermodynamic solubility product, 
S, for AgCl is 


[Ag*]fag+ X [Cl-]fa- = (Ag*)(CI-) = 8 (3) 


It is the activity of an ion which is determined in 
‘potentiometric measurements. 

The activity coefficient varies in sufficiently dilute 
solutions with the total ionic concentration, or more 
accurately with the ionic strength of the solution. It 
was defined by Lewis thus, 


== 


9 (4) 


i. e., the ionic strength equals the sum of the molarity 
(more accurately the molality) of each ion multiplied 
by the square of the valence, Z, of that ion, divided by 
two (in order to account for the effect of both the posi- 
tive and negative ions). As the solution approaches 
a state of infinite dilution, f approaches unity, and the 
activity becomes equal to the concentration. 

Debye and Hiickel* were able to correlate the dis- 
crepancies concerning the anomalous behavior of strong 
electrolytes and the effect of diverse ions in their com- 
prehensive Interionic Attraction Theory. They devel- 
oped a mathematical expression as a first approxima- 
tion applicable to dilute solutions for the calculation of 
the Lewis activity coefficient, f: 


_ _0.51Z2V/n 
1 + 0.33 aV/u 


where » = ionic strength as defined above, Z = valence 
of the ion being considered, a = the effective mean ra- 
dius, in A. units, of all the ions in solution. By the use 
of equation (5), the activity coefficient of an ion may be 
calculated. It is obvious that the second term in the 


log f = (5) 





3Lrewis, G. N., anp M. RanpaALt, “Thermodynamics,” 
McGraw-Hill Book Co., New York, 1923. 
‘ Desye, P., anp E. Hiicxen, Physik. Z., 24, 185, 305 (1923). 
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denominator is small and may usually be ignored. If 
the calculated values for f are applied to equation (3), 
a true solubility product constant may be obtained. 

It is implied in equation (5) that f values vary with 
the kind and size of ion, as well as with concentration. 
This would require many tables of f values for each salt 
and mixture of salts at different concentrations. How- 
ever, Lewis showed that “in dilute solutions, the 
activity coefficient of a given strong electrolyte is the 
same in all solutions of the same ionic strength.” In 
short, equilibrium constants, such as solubility prod- 
ucts vary with the ionic strength in dilute solutions 
(up to ionic strengths of about 0.25). 

t is found that if pS (—log S) is plotted against ~/u 
an almost linear relationship is obtained. In Figure 1 
values of pS areplotted as ordinatesagainst »~/uand show 
how far from constant the so-called solubility product 
“constants” are. In the case of BaSQ,, for example, 
S varies from 1.0 X 10~" at zero ionic strength to 2.2 


12.50 





12.00 
AgBr 
AgCNS 
11.50 
11.00 
Mg(OH), 
10.50 
Ag2CrO4 
10.00 
Nn 
a 
9.50 po 
9.00 
BaSO, 
BaCrOy 
8.50 
8.00 
Ba(I03)2 
7.50 — 
CaCO; 
7.00 BaCo; 
0 0.1 0.2 0.3 0.4 0.5 
Vu 


By permission from ‘‘Quantitative Analysis,’’ 2nd ed., by W. Rieman, J. D. Neuss, 
and B. Naiman, copyrighted 1942 by McGraw-Hill Book Co., Inc. 


Figure 1. pS values at 25°C 
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xX 10~ at an ionic strength of 0.25. The value 1.0 
x 10-, true at infinite dilution, is the one com- 
monly used in textbooks of analytical chemistry for 
solubility product calculations involving BaSO,. The 
calculated results are therefore frequently far from the 
actual experimental results. 

By use of the graphs relating solubility products to 
ionic strengths, calculated values more nearly approach 
experimental values. An example will illustrate the 
calculation of ionic strength and the use of the graphs 
in solubility product problems.5 

Example. In the determination of chlorine the usual 
procedure was followed and the following data obtained: 
2.5mmolsof calcium chloride were dissolved in 139 ml. of 
water, 1 ml. of 6 M nitric acid and 60 ml. of 0.1 M silver 
nitrate were added. The final volume was 200 ml.; 
the temperature was 25°C. 


CaCl, + 2AgNO; = 2AgCl | + Ca(NOs)2 


Two and five-tenths mmols of calcium chloride yield 5.0 
mmols of silver chloride which is removed from solution; 
therefore 5.0 mmols of silver ion and 5.0 mmols of 
chloride ion contribute a negligible effect to the ionic 
strength. The ionic strength calculation may be 
tabulated as follows: 


Ton Source Mmol M Z 2 MZ? 
Catt CaCl, 2. 5 0.0125 2 4 0.050 
Agt AgNO; 1.0 0.005 1 ] 0.005 
Ht HNO; 6.0 0.030 1 1 0.030 
NO;7 HNO; 6.0 0.030 1 1 0.030 
= MZ? = 0.145 

p= 1/2 MZ? = 0.073 

Vu = 0.27 


From Figure 1, pS4,q. = 9.52. 
= [Ag*][Cl-] = 3.0 x 10-” 
[Ag+] = 1.0 mmol per 200 ml. = 5.0 X 107% mmol/ml. 


therefore 








+ Rreman, W., J. D. Neuss, anp B. Narman, “Quantitative 
Analysis,”’ 2nd ed., McGraw-Hill Book Co., New York, 1942. 
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8.0 x 10-¥ ae aieie. 
50x 103 = 6.0 X 10-8’ mmol/ml. X 200 ml. = 1.2 





[Cl] = 


_— 


10-5 mmol, 


1.2 X 10-*mmol X 143 mg./mmol = 0.0017 mg. lost as 
AgCl. If the classical method were used: 


= [Ag*](Cl-] = 1.0 x 107% 
and 


1.0 X 10-9 _ 
5.0 X 10-3 


2.0 X 10-* mmol/ml. X 200 ml. X 143 mg./mol = 
0.00057 mg. loss. A 300 per cent difference is found be- 
tween the two methods. 

The advantages of using the theory developed by 
Lewis and by Debye and Hiickel in treating solubility 
product problems and other equilibrium “constants” 
are: 

1. It makes the various calculations conform more 
closely to conditions actually existing in solution. 

2. It therefore leads to more accurate results in the 
calculations. Ix 

3. It makes the student conscious of the presence of § ph: 
an “ionic environment” in the solution and the effect of § ing 


—8 





[Cl-] = 








it on the properties of all ions. tea 
4. It teaches the student to calculate the ionic § ide: 
strengths of the solutions. of t 
5. It emphasizes very definitely the inconstancy of § of t 
the so-called ‘‘classical constants.” beit 
6. It demonstrates clearly the significance of J scie 
act.vities and activity coefficients. earl 


7. It satisfies the student with a complete answer § pict 
to the often asked question: “Why use these ‘con- § COU] 
stants’ and bother to make the calculations if they are § to p 
so far from accurate?” of a: 

8. It acquaints the student more intimately with § dot, 
the use of graphs on which he can see at a glance how g corr 
the constants vary with the ion c strength. infor 

The author acknowledges his debt to William Rie-§ “WI 
man III, of Rutgers University, who suggested the § asa 
methods discussed in this paper. of th 
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* THE PERIODIC TABLE AND ARRANGEMENT OF 
THE EXTRANUCLEAR ELECTRONS’ 


Iy rae teaching of science it is important to em- 
phasize the scientific method and to use it as convinc- 
ingly as possible. It is especially important to avoid 
teaching theories as though they were facts. Our 
ideas of atomic structure are still in the classification 
of theory; no one has ever seen an atom and our picture 
of the arrangement of the extranuclear electrons is still 
being evolved. It does not seem to me to be good 
science teaching to give the beginning student, very 
early in his first science course, the very inadequate 
picture of an atom of neon as a dot surrounded by a 
couple of circles with more dots on them and then 
to proceed to compare this structure with the structure 
of an atom of sodium which has another circle, another 
dot, and as a “consequence” a valence of one. The 
correct approach is to present the student with enough 
information to afford him, the opportunity of asking, 
“Why does that happen?” He can learn the answer 
as a theory that is a possible and a plausible explanation 
of the chemical phenomena observed. In chemistry, 
it is possible to cover a lot of ground using purely 
descriptive material and eventually reaching a point 
when it becomes profitable to summarize the informa- 
tion into a law—the Periodic Law—before asking the 
question, ‘‘Why do elements behave like that?” 

It should become apparent to the student that the 
Periodic Law is one of the really great:generalizations 
in chemistry and, also, that it is one of the triumphs of 
the modern theory of atomic structure that it gives a 
reasonable explanation of the observed periodicity. 
It is recognized, of course, that the theory of the ar- 
rangement of the electrons permits the explanation of 
humerous other phenomena, but this merely makes the 
theory all the more convincing. In chemistry, the 
nost important facts to be explained are the variations 
in the physical and chemical properties of all the 





t 
1 Based on a paper presented at the 9th Annual Summer 
Conference of the New England Association of Chemistry 
Teachers, Wellesley College, August, 1947, as part of a sym- 
posium on atomic structure. ’ 


LAURENCE S. FOSTER 
Belmont, Massachusetts 


elements and their compounds as well as their simi- 
larities. The important place occupied by the periodic 
table in the evolution of the theory of atomic structure 
cannot be overemphasized. The periodic table is 
worthy of a much larger place in the chemistry course 
than it has been receiving lately and it should certainly 
be illustrated very carefully before its explanation in 
terms of a theory of atomic structure is attempted.” 

In his book “Explaining the Atom,’’® the late Selig 
Hecht gave a very useful type of periodic table for 
class demonstration purposes. It is illustrated in 
Figure 1. The 96 elements are recorded on a tape in 
order of their serial or atomic number. By coiling the 
tape to bring like elements under one another, a helical 
arrangement of the elements is achieved. It is a lot 
easier to do this now than it was in Mendeleev’s time, 
since we can take the inert gas family as a guide. 
Mendeleev had no such guide and made some mistakes. 
He put the elements Cu, Ag, and Hg in one group and 
classified Au along with B, Al, and U. Mendeleev 
also put Pb in the alkaline earth group along with Ca, 
Sr, and Ba, a natural mistake based upon the fact 
that Pb commonly has a valence of two. If we choose 
the inert gases, which are convincingly members of one 
family, as the central column, the rest of the elements 
fall into the places currently assigned to them. It is 
remarkable that Mendeleev did as well as he did, 
and it is especially noteworthy that he placed Te and 
I, as well as Co and Ni, in their proper order, in spite 
of the reversal of the order of their atomic weights, in 
seeming violence of his Periodic Law. He sensed that 
chemical behavior is more fundamental than atomic 
weight and he actually used the correct order even 
though the importance of the serial or atomic number 
was not recognized for nearly a half century. 

What do we mean by periodicity? On Selig Hecht’s 
tape, now spiralling around the inert gas family, we 





* Foster, L. S., Tats JouRNAL, 16, 409 (1939). 
’ Hecat, Serica, “Explaining the Atom,” Viking Press, New 
York, 1947. 
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have the halogens on one side, the inert gases in the 
middle and the alkali metals on the other side. These 
groups of elements are readily recognized as families 
by anyone who has received a brief introduction to 
chemical properties. The nitrogen, oxygen, and alka- 
line earth families are equally easy to identify and fall 
into family groups with obvious periodicity on the 
coiled tape. As we go farther from the inert gases on 
either side, the chemistry becomes less familiar and, in 
addition, the family similarities are not so marked. 
For introductory courses it is sufficient to focus atten- 
tion on the elements in the region of the inert gases. 
Let us count the elements: 


From H to He there are 2 elements 


Li to Ne 8 
NatoA 8 
K to Kr 18 
Rb to Xe 18 
Cs to Rn 32 
Fr to element 118 32 


The numbers 2, 8, 18, and 32 are numerically identical 
with numbers that appear in the interesting mathe- 
matical series based on the values of 2 n?, where n = 1, 
2, 3, 4, etc.; namely, 2, 8, 18, 32, 50, 72, ete. 

When the beginning student has reached this point, 
he now has something that needs explaining. There 
is the extraordinary order of the periodic table with 
the remarkably simple relationship in the number of 
elements that occur between inert gases. What theory 
can be advanced to explain these and myriad other 
observations about chemical elements? Teachers of 
chemistry readily give an answer, but how valid is the 
answer they present? Is the theory of the arrangement 
of the electrons about the nucleus of an atom to be 
classified as a fact, or is it a hypothesis that is being 
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changed from time to time in tune with the advance of 
knowledge? Is it doing the student a service to give 
him only a very rudimentary picture of atomic struc- 
ture, to give it to him as immutable fact, and to give 
it to him so early that he cannot readily see its perti- 
nence? I think that the answers to these questions 
are obvious. 

What shall we teach? After laying an adequate 
factual background of chemistry, we can then give a 
very simple story of atomic structure, showing what it 
does and what it does not explain, and teach that the 
picture is incomplete. Since the inert gases are ineri, 
we can assume with the Bohr theory that they possess 
completed shells, that the alkali metals have an addi- 
tional shell containing one electron that is readily re- 
moved, and that the halogens have an outer shell that 
lacks one electron from being complete. We can 
bring in evidence other than chemical to add weight 
to the theory. But, if the student asks how many 
electrons there are in the inner shells, what is the 
answer and what proof can be presented for it? It 
took a Nils Bohr, a G. N. Lewis, and an Irving Lang- 
muir to elaborate the theory so far, but they did not at 
first give the correct answer to this apparently simple 
question. It remained for a Welsh chemist, not 
sufficiently well known in this country, named Charles 
R. Bury, to complete the picture. Langmuir had 
made the simple assumption that the inert gases would 
contain outer shells with 2, 8, 18, 32, etc., ‘electrons, 
corresponding to the number of elements between 
members of the inert gas family. It was known, how- 
ever, that the maximum state of oxidation of elements 
is eight and that certain elements actually form com- 
pounds with this valence number; e. g., osmium in 


4 Bury, C. R., J. Am. Chem. Soc., 43, 1062 (1921). 
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OsO, has a valence of eight. Furthermore, Abegg 
and Bédlander in 1899 had advanced a rule stating that 
the sum of the hydrogen valency of an element and its 
maximum oxygen valency is often equal to eight and 
never exceeds eight. The following quotation from 
“Introduction to Theoretical Chemistry,” by W. B. 
Meldrum and F. T. Gucker,® gives proper recognition 
to Bury’s contribution: “In 1921, Bury at the Uni- 
versity College of Wales, elaborated the Lewis-Lang- 
muir static atom model and concluded from chemical 
evidence that the outermost layer of an atom contained 
at most eight electrons and not, as Langmuir has 
supposed, the full number to which it could finally be 
built up. He was thus led to conclude that inner 
building occurred in the transitional elements, the 
number of electrons in the outer shell remaining the 
same, while successive electrons filled up a lower shell. 
He also postulated that a deeper inner building occurs 
in the rare earths, almost like that which we accept 
today. He assigned to lanthanum an electron con- 
figuration in successive shells of 2, 8, 18, 8, 3, ... and 
concluded that the last rare earth element must have 
a configuration of 2, 8, 18,32, 8,3 .... In his own 
words, ‘between lutecium (71) and tantalum (73) an 
element of atomic number 72 is to be expected. This 
would have a structure 2, 8, 18, 32, 8, 4 and would 
resemble zirconium.’ In the same year, Bohr inde- 
pendently published almost exactly the same struc- 
ture.... Coster and von Hevesy looked for this 
element in zirconium minerals and using X-ray diffrac- 
tion techniques, discovered hafnium (72).... Its 
discovery represents a brilliant application of the 
theory of the electronic arrangement in atoms. It was 
not until it was realized that element 72 was not a rare 
earth that a successful search for it was instituted.” 
Arguments have been presented for the use of the 
long form of the periodic table because of the clearer 
relationship it has to the fundamental structure of the 
elements,” and recently the long form has been brought 
up to date.® 





5 American Book Company, New York, 1936, p. 566. 
6 Foster, L. S., Tos JouRNAL, 23, 603 (1946). 
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Simmons’ has recently presented a novel arrange- 
ment of the periodic table that has much merit from 
a pedagogic standpoint, since one needs to refer in 
elementary courses to the right portion only. The 
table offered to teachers by Merck and Company, 
Rahway, New Jersey, also presents Deming’s table of 
valences, that includes boti the common and the less 
familiar states of oxidation. Teachers should reflect 
on how seldom they have pointed out.to their students 
the existence of any compounds that show an element 
in an unfamiliar valence state. Is it not more im- 
portant to teach that silver can have a valence of two 
and even three, and that iron forms compounds in 
which its state of oxidation is 4+ (ferrites) and 6+ 
(ferrates) than to pay homage to an over-simplified 
theory of atomic structure? It will pay teachers to 
study the table of valences and to tack copies at various 
places in their laboratories to remind them that a 
tremendous lot of chemistry has gone into setting it up. 
How little of this chemistry do we impart in one short 
year! 

The close relationship between the periodic table 
and the theory of the arrangement of the extranuclear 
electrons presents, thus, one of the best opportunities 
for teaching an appreciation of the scientific method, 
and it is hoped that this brief presentation will stimulate 
teachers to become more familiar with the properties 
of all the 96 elements, the structures they are believed 
to possess, and the correlation between these structures 
and the chemical behavior each exhibits. When 
discrepancies of more than a minor nature arise, more 
work needs to be done to correct the theory. Students 
should be made to realize that there are still problems 
to be solved. It is more important to call unexplained 
phenomena to their attention than to present a glitter- 
ing picture of past triumphs. When properly intro- 
duced, the study of the periodic table, its history and 
its role in the development of a theory of atomic 
structure, can be the most stimulating part of the 
course. 





7Smmons, L. M., Tats JourNAL, 25, 658 (1948). 





& Eleventh Summer Conference of the New 
England Association of Chemistry Teachers 


Many teachers who have held fellowships during the 
summer at Union, Case, or M.L.T. will join N.E.A.C.T. 
members and friends at the University of New Hamp- 
shire during the week of August 21. Each summer the 
reunion of General Electric Fellows has been one of the 
high lights of the Conference and the new M.I.T. 
Science Teachers Fellows group will be equally welcome. 
The convenient location at Durham, New Hampshire, 
is readily accessible and chemistry teachers who have 


never attended a N.E.A.C.T. Summer Conference are 
especially invited to participate. 

Alfred R. Lincoln and his Program Committee are 
laying plans for a new and different type of program 
with special emphasis on up-to-the-minute industrial 
procedures. As usual, there will be plenty of time for 
discussion, trips, picnics, swimming, relaxation and other 
recreation and professional activities. Teachers de- 
siring further information should watch this REPORT 
and write to Carl P.Swinnerton, Secretary of the N.E.A.- 
C.T. Eleventh Summer Conference, Pomfret School, 
Pomfret, Connecticut. 








To the Editor: 

Professor Ehret’s device for adjusting grades (J. 
CueEm. Epuc., 25, 690 (1948)) is no doubt useful, but the 
following points may be of interest to readers. 

Much labor may be saved by using a piece of 8!/2 X 
1l-in. graph paper as normally sold for loose-leaf note- 
books. Let the ordinates represent the new grades and 
the abscissae the grades to be adjusted. The adjusting 
curve is two straight lines intersecting at the point 
(O, N) where O represents the old average, and N the 
new one. Connect this point by straight lines to (0, 0) 
and (100, 100). An adjusted grade is obtained by tak- 
ing the student’s grade as x and the new grade as y from 
the curve. The mathematical principle behind this is 
exactly the same as for the sliding nomograph of Prof. 
Ehret. In addition this graph is constructed in about 
one minute at the time needed. _It lends itself to chang- 
ing the desired average without being faced with the 
labor of constructing a new sliding nomograph. It is 
generally accurate to less than one percentage point. 
I have used this device when it seemed worth while for 
about seven years. 

It is interesting to note that the mathematics behind 
the idea applies more correctly to the median grade 
than to the arithmetic average. Naturally, in large 
classes this does not have any significant effect, as can 
easily be seen by computing the average after the ad- 
justment has been made. 


WiuuraM 8. Horton 


UNIVERSITY OF CONNECTICUT 
Storrs, CONNECTICUT 


To the Editor: 

Ting-Ping Chao and Shih-Chia Chen describe a 
method for the detection of Uranium in group III 
(Tuts JouRNAL, 25, 686 (1948)). Durirfg my freshman 
:awd sophomore years at the T. U, Berlin we routinely 
-analyzed mixtures containing several of the following 
‘élements: As, Sb, Sn, W, Mo, Hg, Ag, Bi, Cu, Cd, Pb, 
U, NJ, Cr, Mn, Fe, Co, Ni, Zn, Mg, Ba, Sr, Ca, NHu, 
‘Na, K, and Li, together with anions, some of them 
((C2Q47~, CsH,O6-—, HPO,-—) disturbing the routine of 
‘andlysis. Our method of detection of uranium seems 
‘to:me, simpler: take the mixture of the precipitate of 
group WEI (UO.S, Al(OH);, Cr(OH);, FeS, CoS, NiS, 
ZnS, Mn§8), remove a little bit with a clean porcelain 


spatula into a small evaporating dish, add approxi- 
mately 2 g. of solid ammonium carbonate and some dis- 
tilled water and heat for 10 minutes on a steam bath. 
The UO.S will dissolve in the solution, the other sul- 
fides and hydroxides stay undissolved. After filtering 
and acidifying the filtrate, a brown precipitate after 
addition of K,Fe(CN), indicates the presence of UO,. 
The precipitate may then be further identified with 
KOH, as indicated in the paper of Chao and Chen. 


W. JacoBson 
CutcaGo, ILLINOIS 


To the Editor: 

This is to suggest that we, as teachers of chemistry, 
do what we can to disentangle the two meanings of the 
word theory for the benefit of students, and perhaps also 
for our own benefit. 

The primary meaning of the word theory is an explana- 
tion of observed facts. This use of the word is in ac- 
cordance with its origin and is solidly established. But 
in scientific work, the word theory is also used to denote 
the principles of a branch of knowledge; for example, 
the theory of equations. Since persons of brilliant 
accomplishment in “theory” are often less accom- 
plished in the “practice,” there is a tendency for the 
confusion in meanings to discredit theory in the sense 
of an explanation. 

It is suggested that the abstract knowledge of an art 
might better be referred to as principles, reserving the 
word theory for explanations. Carrying this one step 
further, it is suggested that the calculated yield in a 
chemical preparation might better be called an ideal 
yield, not a “theoretical” yield. 

It has been said that there is nothing so practical as a 
good theory. 


WituraM K. VIERTEL 


New York StTaTE AGRICULTURAL AND TECHNICAL INSTITUTE 
Canton, NEw YorK 


To the Editor: 

The following suggestion is offered as a modest con- 
tribution to the cause of national self-improvement. 

Sometime ago I was examining the alkaloid chapter 
in Gilman’s “Organic Chemistry.” I learned from it 
that the chief ingredient of betel nut is a simple nico- 
tinic acid derivative called arecoline. I learned also 
that chewing the nut induces “a feeling of well-being, 
good humor, and contentment.’ 

Now, a sense of well-being, good humor, and con- 
tentment is the one commodity which this country 
needs desperately at the present time. In spite of their 
material blessings most Americans are unhappy, frus- 
trated, and short-tempered. They are prey to all sorts 
of anxieties and phobias. 

The sharp exchange of angry words may be heard 


286 











Tot 


issu 
wit 
wha 
frier 
aboy 
than 
do is 
bett 
(} / 16 
enou 
has 


To th 


Janu 
Infor 





‘OXi- 
dis- 
ath. 
sul- 
ring 
fter 
JO.. 


vith 


IN 


try, 
the 
also 


na- 

ac- 
But 
10te 


ple, . 


lant 
om- 

the 
nse 


art 
the 
step 
na 
deal 


aS a 


TUTE 


on- 
ant. 
oter 
a it 
icO- 
also 
ing, 


on- 
try 
neir 


rus- 
or ts 











MAY, 1949 


everywhere—in the halls of Congress, over the radio, 
and down at the corner store. Every human relation 
has been poisoned by malice and fear. Every face 
has been worn thin by the deadly competition of the 
market place. Occasionally, the national neurosis 
explodes in a strike riot or a lynching. Violence has 
become the safety valve of a nation which never has 
learned to relax or to look at itself objectively. 

Here is a golden opportunity for creative chemistry 
to save us all. For about twenty million dollars the 
government could build a plant large enough to turn 
out arecoline by the hundreds of tons. Suppose, now, 
that the law made it compulsory for processors to put 
small quantities of arecoline in such things as coffee, 
cigarettes, ice cream, beer, and soft drinks. America 
would be made over in no time. 

With everyone feeling healthy, good humored, and 
contented the transformation in our national character 
would be both startling and gratifying. Suddenly, 
Old Guard Republicans would find themselves speaking 
well of Mr. Truman, while rabid New Dealers would 
smile pleasantly upon wheel horses of the N.A.M. 
Even ordinary citizens would back away from a street 
collision with polite bows and promises to pay—in- 
stead of profanity and fisticuffs. 

Anything that would free this country from hatred, 
fear, frustrated ambition, and bad manners would be 
the most marvelous innovation of all time. The 
atomic bomb would be a piffling project by comparison. 
I earnestly commend the virtues of arecoline to govern- 
ment planners. 


Patrick B. HENRICKSON 
East Setauket, Lone IsLtanp 
New York 


To the Editor: 

I have read with interest the letter in the February 
issue suggesting the tem AVOGRAM be associated 
with an atomic weight unit. Being personally some- 
what a “relativist,’’ having a few chemical engineering 
friends who would dislike the word AVOPOUND, but 
above all being impressed by a letter signed by no less 
than three former teachers, I am puzzled. All I can 
do is suggest that the term SIXTEENTHOX might be 
better. It has two advantages: one, its etymology 
('/16 oxygen atom) is obvious; and two, it is just silly 
enough that students would soon realize why no name 
has until now been thought necessary for this quantity. 


Jack ALLEN CAMPBELL 
THE UNIVERSITY OF BUFFALO 
Burrato, NEw York 


To the Editor: 

May I support Dorothy W. Gifford’s remark in the 
January issue, page 52, that she would like to‘see an 
Information Service. 

As a teacher I constantly come up against puzzling 
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little problems and questions to which I can trace no 
answer. 

I do not feel that any scientist should be ashamed of 
admitting ignorance over anything. Personally I 
should lose all interest in chemistry if I knew all the 
answers. 

“T don’t know’ is the stimulus which spurs one on to 
find out! I find the JouRNAL oF CHEMICAL EDUCATION 
tremendously stimulating. 


A. ADAIR 
Ketity CoLuece, Tavistock 
Devon, ENGLAND 


To the Editor: 


Since the publication in Tuts JouRNAL of the article 
on “A device for adjusting grades” (25, 690, December, 
1948) there have been a number of inquiries about how 
to draw up a set of tables which could be used as a 
substitute for the grading scheme presented in the 
article. Perhaps the best way to show how this would 
be done is to give an example and then state the rules 
to be followed in making up similar tables for different 
conditions. 

The following is a table that may be used to adjust 
grades to a 75% level or “standard” average when the 
average of the raw scores for a class was 66%. The 
left- and right-hand columns represent raw score values 
and the central column contains the number which is 
to be added to the raw score to adjust it to the 75% 
level. 

59—9—69 
52—8—73 
44—7—76 


The steps in setting up similar tables are: 

(1) Subtract the class average from the “standard” 
average. If the difference is positive, corrections are 
to be added to the raw scores, if negative, they are 
subtracted. ‘ 

(2) Divide the class average by the difference found 
in (1). The quotient represents the “steps” between the 
grades in the left-hand column. When, as in the case 
illustrated above, the quotient is not a whole number, 
slight adjustments must be made in the increments or 
“steps” to compensate for the fractional parts. 

(3) The difference found in (1) becomes the top 
number in the central column, which contains the 
corrections. These corrections diminish by integral 
steps. 

(4) Divide 100 minus the class average by,the differ- 
ence found in (1). The quotient represents the steps 
between the grades in the right-hand column. 


WitusM F. Exret 
New York UNIVERSITY 
New York 
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To the Editor: 

We have not until quite recently noticed the in- 
teresting paper ‘‘Heat and Entropy” by H. H. Steinour, 
published in the January issue of To1s JouRNAL (25, 
15, 20 (1948)). Contrary to the belief of the author, 
we find that the views on heat and entropy here pre- 
sented are essentially those of Brgnsted. This is, 
furthermore, also true of the treatment of the work 
concept, although the difference in formal language and 
terminology is apparent. As the author only gives 
reference to one of Brgnsted’s papers (4), we thought it 
perhaps might be of interest to the readers of the Jour- 
NAL to have a complete list of Brénsted’s publications 
on “energetics,” from 1937 and until his death. 

We disagree with Dr. Steinour when he says that 
Br¢gnsted’s system necessitates a “new mathematical 
treatment.” But a new formulation of fundamental 
principles, by means of the revised concepts, is naturally 
required. 

The conformity of Dr. Steinour’s views with those 
announced by Professor Br¢gnsted is indeed remarkable 
when it is remembered that his ideas are conceived 
without knowledge of Brgnsted’s production. Dr. 
Steinour has not only found the same weak spots in 
traditional thermodynamics as did Brgnsted, he also 
suggests a revision along the same lines as followed by 
Brgnsted. We find much sound criticism and many 
bright ideas in his paper, and the reading of it has 
certainly been very encouraging. 

It may suffice in this connection to mention that the 
theory for the reversible heat engine, as presented by 
Steinour, and his interpretation of the irreversible 
process of heat conduction are precisely as explained on 
the basis of Brénsted’s system of “‘energetics.””’ Even 
what Br¢nsted classifies as “the reversible reproduction 
of an irreversible process,’ during which entropy (or 
heat) has to be supplied to the system from the outside, 
is given due consideration in Steinour’s paper. As a 
consequence of this agreement it follows that Steinour 
subscribes to the statement made by Br¢gnsted that 
heat cannot be converted into work under any condi- 
tions whatever. It is therefore only natural to find that 
Steinour attacks the classical interpretation of the 
expansion process of a perfect gas using the same 
weapons as Brgnsted does. 

As far as formal treatment and preciseness of language 
are concerned . Brgnsted’s exposition is decidedly 
superior to that of Steinour, simply because the latter 
author has not undertaken the rather fofmidable task 
of building up a complete “symmetrical system” of 
defined quantities from basic principles. Some of the 
readers of THis JoURNAL may perhaps think that it is a 
question of conflicting views, apparently supported in 
their impression by the author himself. It is the chief 
purpose of the present short note to point out that such 
differences of opinion do not exist. 

J. N. Brgnsted’s publications on energetics: (1) Kgl. 
Danske Videnskab. Selskab, Math-fys Medd. 14, No. 4 
(1937); (2) Ibid., 16, No. 10 (1939); (8) Phil. Mag., 
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29, 449 (1940); (4) J. Phys. Chem., 44, 699 (1940); 
(5) Kgl. Danske Videnskab. Selskab, Math-fys. Medd., 
19, No. 8 (1941); (6) “Textbook of Physical Chem- 
istry,’ 2nd ed., Ejnar Munksgaard, Copenhagen, 
1943; (7) Fysisk Tids., 43, 133 (1945); (8) ibid., 43, 
155 (1945); (9) Monograph published by the Univer- 
sity of Copenhagen, November, 1946. 

We also give reference to the following two papers: 
(10) Rosenpere, Tu., Fysisk Tids., 41, 1 (1948); 
(11) Houran, Jr., H., Tids., Kjemi, Berguesen Met., 8, 
124 (1948). The authors of the present note will in the 
course of 1949 publish a book in English entitled 
“Thermodynamical Problems Solved by the Method of 
J. N. Brgnsted.”’ 


Kari SANDVED AND Hans Ho.tan, Jr. 


Norces TEKNISKE HéGsKOLB 
TRONDHEIM, NORWAY 


To the Editor: 


I am happy if the thoughts expressed in my paper on 
“Heat and Entropy” are in such essential agreement 
with developments by Prof. Brgénsted as Professors 
Karl Sandved and Hans Holtan, Jr., indicate. 

The Br¢gnsted article that I cited came to my atten- 
tion only after my own ideas were well developed. 
While I recognized a kindred spirit and found considera- 
ble support for my viewpoint, I felt that Brgnsted 
avoided the sharp distinction between heat storage and 
other potential sources of work which I had made the 
basis of my treatment. Moreover, Brgnsted’s formu- 
lation of the work principle and his use of it in deriving 
thermodynamic relationships seemed to me to amount 
to the introduction of a new technique, whereas in my 
paper I proposed only a new viewpoint. The closing 
remarks in my paper were intended to indicate only such 
differences. I believe we both produced self-consistent 
treatments that do have much in common. Apparently 
only minor changes in viewpoint are needed to bring 
them together. 

I am studying a paper, received very recently from 
Professor Victor LaMer, which is a sympathetic in- 
terpretation of Brénsted’s energetics in terms of classical 
thermodynamics. It is an address delivered in 1947 
which is to be published this year in the Annals of the 
New York Academy of Sciences. I mention it as ap- 
propriate for addition to the list of references given by 
Sandved and Holtan. It is entitled, “Some New 
Procedures in Thermodynamic Theory Inspired by the 
Recent Work of J. N. Brgnsted,” and is by Victor K. 
LaMer, Olav Foss, and Howard Reiss. 


Haroip H. StTernour 


PorTLAND CEMENT ASSOCIATION 
Cuicago, ILLINors 
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4 COBALT 


Roland S. Young, Chief Research Chemist, Rhokana Corp., 
Nchanga Consolidated Copper Mines, Ltd., and Rhodesia Broken 
Hill‘ Development Co. Reinhold Publishing Corp., New York, 
1948. viii+18lpp. 29tables. 41 figs. A.C.S. Monograph. 
16 X 23.5cm. $5. 


Tuts book might well be entitled ““The Industrial Chemistry of 
Cobalt,” for it deals almost exclusively with the metallurgy and 
uses of cobalt. What might be called the ‘academic chemistry” 
of the element is hardly mentioned. The chapter on the chemi- 
cal properties of cobalt covers only ten pages, and barely touches 
upon the cobalt carbonyls, the cobaltic ammines and the com- 
pounds of tetravalent cobalt. The chapter titles (abbreviated) 
are as follows: historical and general, occurrence, metallurgy, 
chemical properties, physical and mechanical properties, ferrous 
alloys, nonferrous alloys, powder metallurgy, electroplating, co- 
balt compounds in the glass and ceramic industries, catalytic 
behavior of cobalt, biological and biochemical relations, analysis. 

In the area which he has set for himself, the author has done 
well. Not only is he thoroughly conversant with the field but he 
has surveyed the literature fully and has corresponded with 
many people who have first hand knowledge of processes and ma- 
terials. The literary style is inclined to be repetitious, but it is 
readable and clear. The book is highly recommended to any 
who are interested in the industrial side of the chemistry of cobalt. 


JOHN C. BAILAR, JR. 
UnIveRsITY oF ILLINOIS 
Ursana, ILLINoIs 


E) CRYSTAL STRUCTURES, SECTION I 


Ralph W. G. Wyckoff, Laboratory of Physical Biology, National 
Institutes of Health, Bethesda, Maryland. Interscience Publishers, 
Inc., New York, 1949. viii+442pp. 66figs. 22 X 25cm. $8. 


The author of the volume under review already has an enviable 
reputation for his brilliant research in developing the science of 
crystal structure analysis in this country and for his earlier 
volumes on “‘The Structure of Crystals,’’ as well as for his more 
recent ultracentrifuge and electron microscope studies of proteins 
and other biological substances. This new publication is sure to 
increase his reputation still more. 

It is a magnificent work, describing, illustrating, classifying, 
and comparing the crystal] structures of all elements and com- 
pounds of known structure (excepting only some intermetallic 
compounds of unusual structure). It is an extension, in a 
different form, of the summary of the results of crystal structure 
analysis begun in the author’s earlier volumes. Since the last of 
these was published in 1934, the extension is necessarily a great 
one. There is some overlapping in scope with the “Struktur- 
bericht,” but, in addition to other advantages, this has the 
advantage of bringing together in one place the descriptions of 
the thousands of known structures. 

An encyclopedia of this sort, dealing as it does with research 
results in an active and expanding field, is obviously most valu- 
able if means are provided for keeping it at least approximately 
up to date. To this end, the book is vari-typed and issued in 
loose-leaf form. At present only one of the three sections con- 
stituting the whole is available. This installment covers the 
structures of elements and of compounds of types RX, RXz, 
RmXn, R(MX2)2, and Ra(MXs3)p. The second installment will 
cover other inorganic compounds, while the third will deal with 
organic compounds. The publisher promises to issue supple- 


ments and replacement sheets from time to time, to keep the 
book as nearly up to date as possible. 


Keceut- Boake 
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The author and 
publishers have not hesitated to introduce innovations. They 
have nevertheless kept their standards high and the product of 
their efforts is a tribute to their competence and meticulous care. 

The reviewer recommends this book highly as a reference work 
to all chemists and physicists interested in the properties of solid 


In many respects this publication is unique. 


matter and their correlation with structure. For graduate 
students and for chemistry and physics teachers in colleges and 
universities it should be especially useful. The properties of 
substances depend not only on the kinds of atoms of which they 
are composed but also on the arrangements of these atoms. 
Science instruction which does not make use of the great increase 
in knowledge of these arrangements which has taken place during 
the last few years is very incomplete and out of date. 


MAURICE L. HUGGINS 
Kopak ResearcH LABORATORIES 
Rocuester, New York 


9 RADIOACTIVE INDICATORS, THEIR APPLICATION 
IN BIOCHEMISTRY, ANIMAL PHYSIOLOGY, AND 
PATHOLOGY 


George Hevesy, Institute for Research in Organic Chemistry, 
University of Stockholm, Sweden; Institute for Theoretical 
Physics, University of Copenhagen, Denmark. Interscience 
Publishers, New York, 1948. xvi + 556 pp. 208 tables. 97 
figs. 15.5 X 23.5cm. $10. 


Tuis book is essentially a survey of radioactive indicator ap- 
plications to the fields of animal physiology and pathology. A 
similar summary of indicator applications to plant physiology is 
contemplated, according to the author’s preface. 

It is an excellent reference book for the individual who desires 
a convenient, up-to-date summary of the manner in which both 
the naturally occurring and artificially produced radioelements 
(and to a small degree stable isotopes) have been utilized as iso- 
tope tracers in studies involving living organisms. The literature, 
to which so many significant contributions have been made by the 
author himself, appears to be completely covered through 1947. 
A limited number of 1948 publications, including material still 
in press, are also included. Considering that the author’s preface 
is dated June 1948, the coverage appears to the reviewer to be ex- 
cellent. Although the book contains much information of prac- 
tical value concerning the handling and measuring of radioac- 
tivity of tissue samples, it is not pean intended for the be- 
ginner in the field of radioactivity. 

Chapter I, entitled ‘‘Production of eulenaitee indicators,” isa 
highly condensed, nineteen-page discussion of the production and 
concentration of a number of radioelements important for bi- 
ological studies. Chapter II, “Radioactive isotopes of possible in- 
terest in tracer work,’’ devotes almost twenty of its twenty-two 
pages to a table of cyclotron yields of artificial radioelements and 
to the major portion of the Atomic Energy Commission Catalog 
and Price List No. 2, revised September, 1947. The third chap- 
ter, on the “Determination of radioactivity,” contains a thirty- 
nine page discussion of the measurement of radiactive indicators 
and includes a certain amount of useful self-absorption data and 
decay tables. Of special interest is a description of the Geiger- 
Miller counter which the author has found suitable for the 
measurement of solid samples. The photographic technique is 
discussed briefly. The two succeeding chapters (IV—“Atomic 
interchange,” 6 pp.; V—‘Application of isotopic indicators in 
chemical analysis,’”’ 5 pp.) present a rather inadequate survey of 
exchange reactions and analytical applications of both radioactive 
and stable isotopes. The isotope dilution and isotope derivative 
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methods are mentioned. No mention whatsoever is made of the 
absorption and other studies of F. Paneth and O. Hahn. 

The survey of indicator applications to physiological problems 
starts with Chapter VI (95 pp.), which is entitled ‘‘Absorption, 
distribution, and excretion of elements.’’ The results of in- 
vestigations performed with common elements such as phos- 
phorus, arsenic, selenium, sulfur, iodine, sodium, iron, etc., as 
well as with less common elements as astatine and plutonium, are 
presented in considerable detail. This and subsequent chapters 
are copiously illustrated by means of tables, plots, and radioauto- 
graphs, and possible applications to therapy or diagnosis are 
pointed out. .The material in this chapter is arranged according 
to the element involved, and further subdivided, where reason- 
able, into special topics such as ‘‘Distribution of radiophosphorus 
in organs of the rat” or ‘‘Uptake (of iodine) by human thyroids.” 
The next chapter (VII, 55 pp.) deals with the ‘‘Application of 
isotopic indicators in the study of permeability of phase boun- 
daries.’’ Studies of total and extracellular liquid, permeability of 
tissue, and rate of migration of ions through tissue, as well as the 
effect of radiation on these processes, are summarized. 

Chapter VIII on ‘‘Turnover studies” is the most extensive (155 
pp.) of the entire book. After discussing the concept and calcula- 
tion of turnover rate, the great body of work done in this field is 
presented in sections on phosphorus-containing carbohydrates, 
phosphatides, nucleic acids, sulfur compounds, iodine in thyroid 
metabolism, carbon compounds, etc. Other-sections such as 
“Studies of virus reproduction,” and “Dynamic state of body 
constituents,” are likewise included in this chapter. 

The mechanism of biochemically important reactions is briefly 
dealt with in a six-page chapter (IX) on the ‘‘Path of intermediary 
reactions.”” Chapter X (36 pp.) on “Skeleton metabolism’ re- 
views investigations of rates of renewal of skeletal material, the 
uptake of various elements, and related studies. In Chapter XI 
(62 pp.), entitled ‘Application of radiactive indicators in the 
study of red corpuscles,” are summarized turnover, penetration, 
and distribution studies involving red blood corpuscles, as well as 
related problems such as the determination of the circulating red 
corpuscle volume. The book is terminated by a nine-page chap- 
ter (XII) on the ‘Shortcomings of radioactive indicators,” which 
points out the possibility of erroneous conclusions resulting from 
differences in reactivity of isotopes of the light elements and dis- 
cusses the dangers of radiochemical effects. A Segré chart is pro- 
vided for the convenience of the reader. ‘ 

This book should prove to be extremely useful to the medical 
research worker in general, and particularly to the physiologist and 
pathologist. who wish a ready source of reference to physiological 
experimentation involving radioactive elements as indicators. 
All references known to the reviewer are included, and very few 
typographical errors were noted. 


CHARLES ROSENBLUM 


Merck & Co., Inc. 
Rauway, New JERSEY 


& ELSEVIER’S ENCYCLOPEDIA OF ORGANIC CHEM- 
ISTRY. VOL. 12A, BICYCLIC COMPOUNDS (EXCEPT 
NAPHTHALENE). SERIES III, CARBOISOCYCLIC 
CONDENSED COMPOUNDS 


E. Josephy (deceased) and F. Radt, Editors. Elsevier Publishing 
Company, New York, 1948. xxvii + 1262 pp. 17.5 X 26 cm. 
Subscription price $78; Serial price $91; Single volume price, 
$104. 


This is the third volume to appear in a series that eventually 
will constitute an encyclopedia of the whole literature of organic 
compounds. That the third volume to become available is 
entitled Volume 12A of Series III merely means that the order 
of publication was decided from considerations of current 
interest and expediency, rather than on the basis of the system- 
atic classification employed. The gigantic task of preparing a 
comprehensive encyclopedia in the English language of all the 
hundreds of thousands of known organic compounds was under- 
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taken under sponsorship of the long-respected Amsterdam firm 
of Elsevier by an able editorial group headed by two former mem- 
bers of the Beilstein staff. One editor, Dr. Edith Josephy, was 
seized by the Nazis and shared the fate of six million other vic- 
tims. 

Volume 12A was carried to completion under the able editor- 
ship of Dr. F. Radt. Because of postwar difficulties in obtaining 
many original papers, this volume covers the literature com- 
pletely only through 1941, but publications relating to the 
structures of the compounds were considered right up to the date 
of printing. Since the chemistry of naphthalene derivatives is 
so very voluminous, this material was reserved for a companion 
Volume 12B. The present volume includes all the many other 
bicyclic compounds; it is dominated by the expansive chemistry 
of the bicyclic terpenes, but covers a number of other systems, for 
example, compounds derived from or related to indene and 
indane, the fulvenes, the vitamins D and isomers, azulenes, 
benzosuberans, the endomethylenedihydrophthalic acids and 
others, Diels-Alder adducts, dicycloalkanespirans, etc. 

Elsevier has attained the same high plane of scholarship, thor- 
oughness, and accuracy as Beilstein. It is essentially the same 
in scope and objective as Beilstein and is, indeed, a rival of this 
time-honored and highly valued treatise. The new encyclo- 
pedia is not patterned after the old but follows a freshly devised 
scheme of organization that has much to commend it. Each 
volume has both a formula and subject index that are excellent 
and easy to use. References are collected at the end of short sec- 
tions and are grouped by years, and citation to a reference in the 
text is done by giving the year of publication and the name of the 
first author. This system makes possible the easy addition of 
new references without disturbance of any set of reference num- 
bers; it also has the advantage of showing at a glance the workers 
in the field and the date to which the literature of the particular 
section has been surveyed. 

Elsevier is beautifully printed and is abundantly illustrated 
with handsome structural formulas. Where a number of deg- 
radations and other transformations are known, these are 
illustrated with elaborate and highly useful reaction charts. In 
the case of compounds whose structures are as yet only partially 
established, the presentation has required the careful evaluation 
and interpretation of a complex and sometimes conflicting litera- 
ture, and I am amazed at the success with which this difficult 
assignment has been met. The value of such service is enormous. 
If one wishes information, for example, about cedrene and cedrol 
from cedar wood oil, many hours of search and study of over 
fifty papers on the subject can be saved by reference to five pages 
of text and a two-page chart in Elsevier. 

I shall not debate the question of Elsevier vs. Beilstein, for I 
think that anything short of an extensive point-by-point analysis 
is apt to be superficial and misleading. Both are thoroughly ex- 
cellent lexicons, and I sincerely hope that both of these highly 
valuable enterprises will continue. Actually, they operate on 
different publication schedules and therefore supplement one 
another to the distinct benefit of the user: the latest survey of 
the literature in one field is to be found in Beilstein, whereas 
Elsevier will offer more recent, or even exclusive, coverage in 
another field. Both treatises are expensive, but for any sizeable 
library the acquisition of both books is well worth the cost. A 
smaller library confronted with a choice may prefer Elsevier 
because it is written in English. 

The only significant criticism I have to make of Elsevier is that 
it does not cover any of the patent literature. I concede that 
there is so much that is uncertain, incomplete, and inaccurate in 
many chemical patents that the bulk of this literature is properly 
ignored. However, certain material in this area is of distinct 
scientific value and it is regrettable that Elsevier has not found 
some way of screening the patents and including at least some 
of the useful citations. For example, the interesting a,§-un- 
saturated ketone phenalone or perinaphthene is best prepared 
by condensing 6-naphthol with glycerol in the presence of sulfuric 
acid and an oxidizing agent according to German patents 283,066 
(1915) and 614,940 (1935), but Elsevier (Volume 13) cites merely 
two abnormal reactions in which the substance is formed in small 














ite 


i te, 


enti a pe ee ad 








MAY, 1949 


amounts. Reference is made to a paper by Hershberg and myself 
of 1938 in which we fully confirmed the claims of the patents, but 
only in connection with our proposal of a name for the parent 
hydrocarbon (perinaphthene, which I still think is preferable to 
phenalene). Doubtless the patented method will get into the next 
edition by virtue of the confirmation in our laboratory and in 
Russia, but it remains true that a good and useful preparative 
method that had been worked out in full detail in 1935 found no 
mention in a volume that covered the literature through 1936. 
Beilstein has never covered the whole patent literature, but, as 
long as the treatise by Friedlaender was active, did include that 
portion that had been screened and accepted for inclusion in this 
compendium of dyestuff patents. 


LOUIS F. FIESER 
Harvarp UNIVERSITY 
CAMBRIDGE, MASSACHUSETTS 


3 THEORETICAL STRUCTURAL METALLURGY 


A. H. Cottrell, Lecturer in Metallurgy, The University of Bir- 
mingham, England. Longmans, Green & Co., Inc., New York, 
1948. viii + 256 pp. 96 figs. 7 tables. 145 X 22 cm. 
$5.25. 


Tue current stampede of physicists to the greener grass of 
nucleonics has left behind, unattended, many sizable lawns of 
importance. One of these is the theory of the solid state. Some 
years ago, when X-rays and radioactivity entered the scene and 
quantum mechanics made its debut, there was a similar mass 
movement of the physicists. It was the chemist who then in- 
herited thermodynamics and statistical mechanics. This time 
it looks as if the metallurgist is elected. 

Within recent times, the metallurgist has been thought of as a 
fellow who has something to do with mining, or with running the 
blast furnace or open hearth. This impression has some basis in 
fact. More and more, however, the course of science has invaded 
metallurgy, resulting in a branch that can be called a true 
science of metals. New though this subject is, rapid strides for- 
ward have been made, and enough of an impression gained to 
insure metal science a lasting place of its own among the sciences. 
Today, the tobacco-spitting, burly fellow pictured as signalling 
“ready for the pour” through haze and sparks has changed to a 
scientist of clarified atmosphere who speaks of quanta, lattice 
dislocations, order-disorder, and electron configuration. 

A. H. Cottrell, addresses this newer generation of metal- 
lurgists. His book might equally well have been addressed to the 
chemists or physicists, using a more descriptive title such as 
“Introductory Theory of the Metallic State.” It contains prac- 
tically nothing of traditional metallurgy with the possible excep- 
tion of phase diagrams. Typical chapter headings read as fol- 
lows: Interatomic Forces and Atomic Association, Electron 
Theory of Metals, The Structure of Alloy Phases, The Free 
Energy of Alloy Phases, Diffusion in Metals and Alloys, The 
Order-Disorder Change, and Phase Precipitation by Nucleation 
and Growth. 

The above topics are treated only briefly, as must be the case 
with a book of so few pages. The book is not written popularly 
although complex mathematical treatment has been omitted. 
For these reasons, the reader must not expect a thorough treat- 
ment or description of any single subject, nor a satisfying deriva- 
tion of all the several concepts familiar to solid-state physics. 
Instead, he will find the book useful largely in acquainting him- 
self with vocabulary and terminology, and meeting highlights of 
the subject face to face. For a more thorough treatment the 
reader must go to books and literature under the authorship of 
names such as Shockley, Seitz, Mott and Jones, Hume-Rothery, 
and others. Suitable references to this literature are given at the 
end of each chapter. ‘ 

The book is suited to classroom use only if the instructor is 
prepared to do a lot of filling in and explaining. For students 
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approaching study of the metallic state for the first time the book 
serves as a good outline of a suitable course and as a guide to 
pertinent references for parallel reading. 


H. H. UHLIG 
MassacuvuseEtts INstITuTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


2 SONS OF SCIENCE 


Paul H. Oehser, Henry Schuman, Inc., New York, 1948. xvii + 
220 pp. 39 plates. 14.5 X 21.5cm. $4. 


Tuts is a popular history of the Smithsonian Institution, told 
chiefly in terms of the biographies of the six men who have 
served as its Secretary, Joseph Henry, Spencer F. Baird, Samuel 
P. Langley, Charles D. Walcott, Charles G. Abbot, and Alexan- 
der Wetmore, as well as some of their more important assistants. 
The name of the Smithsonian is familiar to everyone, but usually 
only specialists know exactly what it is, and they are often 
acquainted only with its activities in their own field. Since 
chemistry has never been one of the major activities of the 
Institution, chemists in general are not as familiar with its work 
as are astronomers, physicists, geologists, anthropologists, biolo- 
gists, and art lovers. Yet the influence of the Smithsonian on 
the development of science in this country has been so great that 
no scientist, whatever his field, should be unaware of it. 

The Smithsonian, in the words of Smithson himself, was 
designed “for the increase and diffusion of knowledge among 
men.” In carrying out this ideal, the Institution has worked 
in many fields, but it has always reflected the personalities of its 
secretaries and of the assistant secretaries who worked closely 
with them. Therefore, the biographical method adopted by 
Oehser, himself Assistant Chief of the Smithsonian Editorial 
Division, is particularly suited to explain the manifold activities 
with which, at one time or another, the Institution has been 
concerned. In spite of the varied interests and personalities of 
the men all were united in the aim of increasing the usefulness of 
the Smithsonian, and so the story of their work gives a unity to 
the book which might not have been expected from its plan. 

The illustrations are excellent and many are of considerable 
historical interest. A chronology of principal events in Smith- 
sonian history at the end of the book provides a quick survey of 
the Institution, and a four-page bibliography indicates further 
possible reading. The book gives an excellent understanding 
of the essential part which the Smithsonian Institution has 
played in the development of science in America. 


HENRY M. LEICESTER 
CoLLeGE OF PHYSICIANS AND SURGEONS 
San Francisco, CALIFORNIA 


2 CATION EXCHANGE IN SOILS 


Walter P. Kelley, Professor Emeritus of Soil Chemistry, Univer- 
sity of California, Berkeley. A.C. S. Monograph No. 109. Rein- 
hold Publishing Corp., New York, 1948. xv + 144 pp. 7 figs. 
27 tables. 16 X 23.5cm. $4.50. 


Wira the prodigious expansion of new knowledge, the mono- 
graphs of the American Chemical Society have recently been 
restricted to comprehensive critical treatment of small areas of 
scientific endeavor. This new trend, which has been fostered by 
the Board of Editors, is reflected in Dr. Kelley’s publication on 
the cation exchange reactions in soils. 

Once regarded as one of the elements, the soil is now recognized 
as the source of many chemical elements that are essential for the 
nourishment of plants. Since 1850, much evidence has shown 
that these chemical elements are often supplied to growing plants 
by reversible exchange reactions in the soil itself. With the 
widespread use of natural organic fertilizers and with the develop- 
ment of chemical fertilizers the ionic exchange reactions of the 
soil have attracted the interest of many soil scientists. 








The present monograph is restricted to the cation exchange 
reactions in relation to the properties of soils. It treats the 
history of cation exchange, the cation exchange materials of soils, 
cation exchange equations (based upon adsorption, mass action, 
and kinetics), principles of cation exchange, exchange capacity of 
various soils, determination of exchangeable cations, cation 
exchange and soil properties, and identification of the clay com- 
ponents of soils. These cation exchange reactions are involved 
in the effect of fertilizers on soils, in soil chemistry, in soil physics, 
and in soil acidity and buffer action. They are especially im- 
portant in the reclamation of alkali soils. 

As clays account for most of the cation exchange capacity of 
soils, much attention has been given to identification and estima- 
tion of the clay materials. Although an appreciable proportion 
of the cation exchange of soils is due to organic materials, these 
organic substances are not considered in the monograph. Simi- 
larly, information about the exchange properties of synthetic 
inorganic zeolites (permutites) and insoluble organic acids (such as 
those employed for water purification and for concentration and 
separation of rare earths and radioactive elements) has not been 
included. 

As pointed out, a good soil is one that has a large amount of 
exchangeable bases, yet only a few pages of the monograph are 
devoted to plant nutrition. Because of this brief treatment, 
readers with primary interests in plant growth and in soil fertility 
may have difficulty in the application of the physical and chemical 
information that is presented. On the other hand, everyone 
concerned with the physical and chemical properties of soils and 
with the production and application of fertilizers will find many 
important facts that are not readily secured from the diversified 
literature on this subject. Similarly, everyone interested in the 
historical and commercial aspects of ion exchange will find many 
significant observations and deductions that have stimulated the 
widespread use of ion-exchange substances in industry. 


HAROLD H. STRAIN 


CARNEGIE INSTITUTION OF WASHINGTON 
STANFORD, CALIFORNIA 


e SCIENTIFIC FOUNDATIONS OF VACUUM TECH- 
NIQUE 


Saul Dushman, Assistant Director, Research Laboratory, General 
Electric Company, Schenectady, New York, John Wiley & Sons, 
Inc., New York City, 1949. xi+882pp. 326figs. 219 tables. 
14.5 X 21.5 cm. $15. 


WHOEVER writes of vacuums will draw material and inspiration 
from this book—it is authoritative and it stands alone. Wher- 
ever vacuum is explored for profit or the pursuit of knowledge in 
our generation an honorably battered copy of the ‘“Foundations” 
will be found. 

The territory of high vacuum is not a scientist’s Utopia but it is 
certainly a fairyland where those who live therein often work con- 
tentedly all their lives, only stepping outside to celebrate or 
proselytize. “Come with us,” they say in effect, “and help 
knock another naught off the high vacuum index and we will 
show you a vessel with 10~!% atmosphere inside, too high (or low) 
ever to be measured (and thus of course beyond contradiction).” 
And they will point to the tungsten lamp, the modern X-ray tube, 
radio, television, and the fissioned atom as marks of their prowess. 

In this world of minus numbers Dr. Dushman has lived for over 
30 years. More'‘than any other man, he has nurtured and 
governed it. Of its many mansions, parts have been built com- 
plete by others such as Gaede and Knudsen. Distinguished 


visitors like Braumer, Burch, and Smithells have passed through 
its halls, leaving behind valuable objects d’arts. 


Indeed, Lang- 
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muir has all but furnished the modern vacuum kitchen with a 
tungsten filament stove and a condensation pump “Disposall.” 
Separate from the itinerant or.resident genius, Dushman remains 
at once architect, curator, and professor emeritus, whose in- 
valuable memoirs we are now reviewing. 

The “Foundations of Vacuum” is not for the novice or the 
practical technician, it is for the scientist and the aspiring expert, 
but it will be acquired widely, as one would wish to possess a six- 
volume Toynbee. Its nearly 900 pages are devoted solely to 
“dry vacuums.” The new vistas of distillation and drying and 
polymer chemistry are properly excluded. The book is for and 
about the physical field and presents a tremendous wealth of data 
on absorption, solubility of gases in metals, phenomena of elec- 
trical discharge in gases, clean-up and getters, evaporation of 
metals, and so on. There are good, workman-like accounts of 
modern pumps and gages and there is a section on vapor pressures 
of oils and greases. The author is at his very best when dis- 
cussing the kinetics and dynamics of gases. He has combined 
the essence of Jeans, Loeb, and Knudsen in four illuminating 
chapters and hereafter no one shall be excused for writing care- 
lessly about the “mean free path.” His treatment of the flow of 
gases in pipes is so thorough that it will be consulted even by the 
“wet vacuum” technologist, though the latter may not find his 
way about too readily. 

In a work of this magnitude there will be points to criticize, 
but we must beware unless criticism exposes the critic more than 
the author! In the philosophy of this reviewer, “It is not good 
science if it is not a good story.” The romance of high vacuum 
affects Dushman profoundly, and the story emerges in obscure 
passages in simple language. But Dushman is first of all a 
mathematician, and his grander generalizations are displayed in 
symbols. 

If the book has a minor failing it must be attributed to the 
modesty of the author. His admiration for celebrated colleagues 
and his debt to fellow workers is everywhere apparent and we 
must search for Dr. Dushman’s own manifold contributions. In 
presenting all and being fair to everybody there is a lessening of 
selectivity or direction as to best procedure. Perhaps a later 
edition or a literary apostle of the author will attend to this. In 
any event the present volume will stand as the foremost treatise 
of our time on high vacuum. 


K. C. D. HICKMAN 
RocuesteER, New YorRE 


& ORGANIC REACTIONS, VOLUME IV 


Roger Adams, Head of Department of Chemistry, University of 
Illinois, Editor-in-Chief. 13 collaborators. John Wiley & Sons, 
Inc., i York, 1948. viii+ 428 pp. 44tables. 15.5 x 23.5 


cm. 


Tue eight chapters in this volume are: “The Diels-Alder 
Reaction with Maleic Anhydride,” by Kloetzel; ‘The Diels- 
Alder Reaction: Ethylenic and Acetylenic Dienophiles,” by 
Holmes; ‘“The Preparation of Amines by Reductive Alkylation,” 
by Emerson; ‘‘The Acyloins,’”’ by McElvain; “The Synthesis of 
Benzoins,”’ by Ide and Buck; ‘Synthesis of Benzoquinones by 
Oxidation,” by Cason; ‘The Rosenmund Reduction of Acid 
Chlorides to Aldehydes,” by Mosettig and Mozingo; and ‘‘The 
Wolff-Kishner Reduction,” by Todd. 

The present volume upholds the high standards of excellence 
of this series concerned with the scope and limitations of im- 
portant organic reactions. The book is indispensable to organic 


chemists. 
HENRY GILMAN 
Towa Stats CoLiece 
Ames, Iowa 
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e operated with one hand 






e ready for instant use 







e fits all Bunsen Burners 


reduces fire hazard 







Lighting a burner with a safety 
match requires two hands. 


The IRVING LITER leaves one 
hand free to hold a test tube 
or other equipment. 


- Irving Liter 





No. 4768 


Matches, after being used, are messy if thrown on the floor and clog the 
drain if thrown in the sink. 


The IRVING LITER is attached firmly and permanently to the tube of any Bunsen 
Burner from 3% inch to 5% inch o. d. 


There is no temptation to carry improvised torches from one burner to another— 
a real fire hazard. 


TRY ONE DOZEN IN YOUR LABORATORY—AND YOU WILL 
NEVER GO BACK TO MATCHES 


(No Risk—they may be’returned in 30 days for full credit.) 





No. 4768-IRVING LITER................. Per Dozen, $5.00 
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Jonz is the season when both teachers and students 
begin to think seriously about grades. So let’s think 
about grades. 

I suspect that at some time or other every one of us 
has been so irked by the inconsistencies of the grading 
system as to want to abandon the whole practice of 
viving grades. Indeed, there is many an old-timer, 
especially in the graduate schools, who sighs for the good 
old days when students were either passed or failed and 
that was all there was to it. Nevertheless, there are 
good reasons for wanting a scale of relative student 
accomplishment—although it may be hard to think of 
one on short notice. 

One wonders who first invented the time-honored 
percentage grade scale. First of all, there is nothing to 
commend it but our mathematical juvenility which 
limits us to. expressing relations in parts per hundred; 
second, it is based upon the usually false assumption 
that a grade has an absolute significance, that it can be 
expressed in terms of an absolute standard of perfec- 
tion. 

To be sure, one can prepare a single test or examina- 
tion which can be graded in absolute terms, and the 
more objective the test the more likely is this to be 
true. But the score on a single text is an absolute 
measure only with respect to the items of the particular 
test; the grade derived from it (usually a percentile) 
has significance only in relation to a “norm” of relative 
accomplishment. And final grades in a course—which 
are what we are talking about—involve some intangible, 
or at least indeterminate factors. 

All this has of course led to the relative scales in 
common use—most commonly the five-letter scale. 
But the very lack of numerical specification leads too 
often to the feeling that such a scale is entirely sub- 
jective. It is amazing how many teachers of science, 
otherwise sticklers for the accurate reporting of facts 
and analysis of data, scatter letters of the alphabet with 
complete disregard for their meaning. 

Or perhaps it is that we just haven’t agreed on their 
meaning. Still, most college catalogs or rules of the 
faculty are fairly clear on this point. They usually 
explain what A, B, C, D, or E means on thé report 
cards. Whether or not there is any effort made to 
divide the “normal distribution curve” into lettered 
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segments, nevertheless it is always made clear that 
students in bulk can be divided into the superior, good, 
average, poor, and hopeless. The further application 
of “grade points’’ from 3 to 0 to these divisions lets one 
combine grades with convenience if not accuracy. 

It is evident that on any such fivefold scale the seg- 
ment called “C’’ will surround the mean, the median, 
the mode, or the average. And so it is customarily 
understood. It must also be understood that you can- 
not compare the grade of a high-school freshman with 
that of a college senior, and that as long as you retain 
the fivefold scale you will have superior, good, average, 
poor, and hopeless college seniors as well as superior, 
good, average, poor, and hopeless high-school fresh- 
men. In other words, the grades, all along the aca- 
demic scale, are relative with respect to the group 
chosen. To be sure, a good high-school freshmen may 
later become a poor or hopeless college senior; that 
possibility should have no influence on the grading 
scale, or it becomes meaningless. 

But this is precisely where trouble comes in. We 
somehow feel that students ought to get better as they 
progress, or we realize that the incompetent will be 
eliminated. We think that only the “A” and “B” 
high-school freshmen are left when they become college 
seniors. This may indeed be true but it should not 
blind us to the fact that even in this group there are the 
superior, the good, the average, poor, and hopeless. In 
other words, the competition gets keener the longer it 
continues. 

In theory our grading system recognizes this, but in 
practice it doesn’t. Deans expect grades to be better 
in the upper classes than in the lower, and (probably 
because of this) they actually are. Furthermore, many 
upper-class courses have prerequisites of a ““B average”’ 
in the lower. That in itself is defensible, but it is 
generally felt that in such a course all students should 
therefore continue to maintain a “B” grade. Such 
practices lead to the ultimate paradox that the accom- 
plishment of all students should be above average! 
This is not only inconsistent with the basis of our 
grading system but obviously impossible mathematic- 
ally. Are we just fooling ourselves into thinking that by 
some sort of juggling we can beat the law of averages? 
(Continued on page 333) 





ee SOME APPLICATIONS OF THE DYSONIAN 
NOTATION OF ORGANIC COMPOUNDS 


° 


In 4 monograph! I have described the reasons which 
led me to develop a new notation for organic com- 
pounds. Briefly, they may be said to comprise dif- 
ficulties arising from attempted usage of the Geneva 
method on systematic lines, the inadequacy of the 
methods set out for the reference and enumeration of 
ring systems, the ever-growing volume of complex or- 
ganic structures which cannot be named according to 
accepted systems (with the consequent spate of ill- 
considered trivial names), and the indescribable con- 
fusion attending the attempted enumeration of the 
more complex structures. I do not propose to deal 
with these facts, which are set out in detail in the mono- 
graph; on the other hand, it will be necessary to de- 
scribe briefly the notation itself before proceeding to dis- 
cuss its applications. 

The new notation serves (a) to translate the structure 
of an organic compound into linear form, preserving 
in full all the structural details, and (b) to determine 
the enumeration of all structures in a unique (7. e¢., 
unambiguous) manner. 

It is first necessary to define certain terms used in 
the notation: 

(1) Symbols. The symbols used are the letters of 
the alphabet, upper and lower case (substituting @ 
for O to avoid confusion with zero), the numerals 0 
to 9, and the stop, comma, hyphen (en-rule),/, 
parentheses, and square brackets. 

For determinate structures containing only carbon, 
hydrogen, oxygen, and nitrogen no lower case letters 
are used; for substances containing the halogens or 
metallic elements, the usual admixture of upper and 
lower case symbols are used, as in Cl, Br, Mn, etc. 

Subscript figures are used to denote the number of 
atoms or groups present, as in ordinary empirical 
formulas. For the delineation of polymers the symbol 
a is used. 

(2) Cipher. When a structure has been reduced 
to linear form in the new notation, the result is called 
a “cipher.” Thus, the alkaloid papaverine has the 
cipher 

B62.ZN,4.C,3. [B6.QC,1,2.4],11.QC,8,9 


which serves to delineate and enumerate its structure. 





1 Dyson, G. M., “A New Notation and Enumeration System 
for Organic Compounds,” Longmans, Green, & Company, 
London and New York, 1947. 


G. MALCOLM DYSON ; 
British Chemicals and Biologicals, Ltd., Lough- 
borough, England 














TABLE 1 
Computation 
Significance value Comments on usage 
A Alieyclic ring A, =(nX__ A& is cyclopentane 
102) —2 
B- Aromatic or B, = (nX The fully aromatic 
benzenoid ring 100) — 2 type is implied, e. g., 
B6 = benzene 
Br Bromine —1 
C Carbon 102 As in methane or 
methyl 
Cl Chlorine —1 
C, Alkyl chain n(102) ‘‘n” is a subscript 
numeral 
E Double bond —2 .El and E2 have the 
same value 
E3_ Triple bond —4 
F Fluorine —1 
Hydrogen 1 Hydrogen is only speci- 
fied to adjust un- 
saturated structures 
I Todine —1 
L __ Stereochemical 0 
N_ Nitrogen 1000001 As in amino-com- 
pounds 
N1 Nitroso 1009999 
N2 Nitro 1019999 ZN is 999899 
N3_ Azido 2999999 ZN5 is 999901 
N4 Azo 1999998 
N5 ‘Pentavalent” N 1000003 
N6 Alidiazo 1999998 
6 Duplicating 
Q Oxygen 10000 As in hydroxyl com- 
unds 
Q4 Tetravalent 10002 70 9898; EQ 9998; 
oxygen ZQ4 9900 
S Sulfur 100,000,000 As in thiols 
si S-O 100,010,000 
$2 so, 100,020,000 
83 SO, 100,030,000 


CT3 is trivalent car- 


bon 

U1 and U2, d- and 1- 
forms. U3 and U4, 
racemic and meso- 


T Abnormal valency 


U_—_ Optical properties 0 


W Loss of elements —10002 
of water 

X Carboxylic 19998 CX = 20100; ZX = 
29896 

Y Dative bond 0 

Z Hetero Implies replacement of 
an atom 

- Joining sign 0 As in 3-5 (= between 
3 and 5) 

; Locant sign 0 Indicates position 

Separator 0 Placed between opera- 
tions 

() Parentheses 0 1(1)6 = 1,2,3,4,5,6 

[] Square brackets 0 Implies enumeration 

€ novo 
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(3) Operation. The cipher is built up of a number 
of individual operations, each marked off by a stop. 
Thus, a-terpineol is ciphered as 


A6.C;,1-8.C,4.E,3.Q,8 


a cipher which comprises five operations, the first 
being A6 and the fifth Q,8. 

(4) Locant. A number, not being a subscript, 
following a letter, but separated from it by a comma 
is indicative of position and is referred to as a locant; 
in the cipher for a-terpineol, set out above, the second, 
third, fourth and fifth operations have locants, 1-8, 
1,3,8, respectively. 

(6) Modulant. A number, not a subscript, imme- 
diately following a letter indicates modification of the 
implication of the letter and is called a modulant. In 
the cipher for 2,4,6-trinitro-n-hexylbenzene, 


B6.Cg.N2,2,4,6 


the following analysis may be made: 


B6 The ‘6’ is a modulant 

Cs The subscript numeral gives the number of atoms 

N2,2,4,6 The ‘2’ immediately following the ‘N’ is a modulant; 
the ,2,4,6 following it are locants 


Hence, B6.C..N2,2,2,4,6 may be translated as an 
aromatic ring (B) of six atoms (6) attached to a hexyl 
chain (Cz) with nitro groups (N2) in the 2,4,6 positions 
of the ring. 

The new notation requires that the main carbon 
structure be ciphered first, followed by such functional 
groups as may be present. I shall therefore proceed to 
describe the ciphering of hydrocarbons. 

All acyclic hydrocarbon structures may be delineated 
in terms of the following symbols: 

C Carbon 


E_ Ethylenic link (E1= cis-, and E2= 
E3 Acetylenic link 


trans-arrangement) 


The method of using these symbols is illustrated by 
the following examples. Straight chain members of 
the paraffin series are signified by the letter C followed 
by a subscript number. Thus C, is ethane, Cs pro- 
pane, Cs octane, and Cy decane. Branched chains 
are ciphered in terms of the longest chain, the branches 
being added in subsequent operations, the longest 
first, since, in the new notation, all additions to the 
main chain are added in order of decreasing size. 
Where two or more similar fragments are to be cited, 
they are grouped together in a single operation, the 
locants of their positions being separated by commas. 
Thus C,2,2,4 indicates three methyl groups in the 2,2, 
and 4 positions. A few examples are given to illus- 
trate these points. 


9 6 
CH; CH; CH, 

| 1 a1, 3 4 5/ 10 
CH,C-CH; CH,CHCHCH,C—CH; 
eo ee NSE 
Hy H:CH; CH; 


C;.C,2,2 C¢.C2,3.C,2,5,5 








16 14 15 3 2 1 
CH; CH:CH; CH,CH,CH; 
10 é Ss  ¥% bs 5 4 
CH;C-CH:CH:CHCH.CH 
17 Xn 12 13 
H; CH,CH:2CH; 
Ci.C3,4.C2,6.C,9,9 


It will be noted that carbon atoms are numbered in 
order as they appear in the cipher, thus avoiding the 
complexities of the “tabbed” and “affixed” numerals 
and providing a unique and unalterable enumeration 
pattern, based on the simplest of rules. 

Unsaturation is indicated by the use of the letter E, 
with modulants as above. Thus ethylene is C:.E, 
while pentene-1 is C;.E; C,.E,1,3 is butadiene and 
C,.E1,2 and C,.E2,2 are cis- and trans-butene-2, re- 
spectively. It is to be noted that no consideration of 
unsaturation is permitted to deflect the initial operation 
from delineating the longest carbon chain present. A 
more complex example helps to make this clear: 


12 9 
CH; CH; 
11 10 é 7 8/ 13 
CH; = CH-C-CH:CH:CH,C—CH; 
:..2 1 \u 
=C-CH; CH; 
C>.C2,4.C,4,8,8E, 10.E3,2 
It will be observed that unsaturation is cited after the 
skeleton has been delineated and that E operations are 
ciphered in order of their modulants (7. e., E before E3, 
in this instance). 


These two conceptions suffice to reduce to linear form 
any acyclic hydrocarbon, no matter how complex: 


17 3. 2 1 
CH;C-CH.CHs; 





i | 5 
CH;C—CH 
16. 167 Is 19 
CH;CH.C -CH; 
20 8 9 
CH; CH 





lo 11 


CH,C-CH;CH:CH.CHs 
Cys-C27.C,3,4,6,8,10.E1, or Cy-C2,7.C,3,4,(2)10.E1,3,5, 
,5,7.42,9 7.E2,9 
In this example the cis- and trans-relations of all the 
groups are expressed. The alternative cipher merely 
shows an abbreviated locant, since whenever a series of 
locants forms an arithmetical series of four or more 
terms it is conveniently expressed in the manner shown, 
4(2)10, the 4 and 10 defining the limits of the series and 
the figure in parentheses the constant difference. 
When used for punched-card purposes, such abbre- 
viated forms must be extended and punched in full. 


Cyclic Structures. Rings are cited in terms of A 
or B; A indicating a fully saturated ring, and B an 
aromatic type. The modulants following the A or B 
indicate the number of carbon atoms in the ring. Thus: 


Pe: 


OO! 


A3 A4 A5 


‘a i 


p, ae y 
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The presence of a CHe group in a B ring, or of a 
double bond in an A ring is signified by an H or E 
operation, as in: 


| | | || | | 
My M7 \F © 


B5.H A5.E B6.H,1,2 AGE 
Decision to commence the partly reduced form from 
A or B is controlled by the number of terms in the 
proposed H or E operation; this must be as low as 
possible. Hence, A6.E and not B6.H,1,2,3,4. If 
both methods would give H and E operations of equal 
length (as in B6.H,1,2 and A6.E,1,3) preference is 
given to the aromatic generator (7. e., B6.H,1,2 in the 
case cited). 


Saturated cyclic hydrocarbons are ciphered by the 
use of A which signifies that a ring has been created. 
Thus AC3 is cyclo-propane, AC6 cyclo-hexane, and AC8 
cyclo-octane. The presence of a second or third ring 
can be signified by an operation in A, as in 


Thujane Adamantane 
1-Isopropyl-4-methylbi- Tricyclo[3.3.1.13,7] decane 


cyclo[3.1.0] hexane 





CH, 
CH 
Fs CH.—OCF 
CH, CH | | 
CH— |——-CH.CH 
CH, CH, and | 
\ 67 - 
CH,— = CH ———CH, 
CH 
i a 
CH; CH; 
A53.C;,1-8.C,3 A6,,1-3,5-8 


In the second example the A operations complete 
the citation. Rings, it will be noted, are cited prior 
to linear appendages. 

Fused rings are delineated by citing the “meshes” 
which go to make up the system, in descending order 
of magnitude, followed by a series of locants indicating 
the enumeration and points of attachment.* Thus: 

9 


“) 





3 

ia i¢ Oh “f 

5 | ll 5 aR 

AW \ 1\ yy fo 
7 

B65t.H,7 B6.t as 





* This mode of citation of fused rings has been modified from 
a proposal of Dr. Austin M. Patterson in “Possibilities for a 
Combined System of Notation and Nomenclature for Organic 
Compounds” (private communication). 


t The locant ‘1-2,’ where it occurs solus, is omitted. 
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B6:,1,4 B6,5,1,3,10.H,15 


i ha 


pee 12 
L Wis 
“1% 
4 [ {14 
| 
7 
- 15 VA 
16 


B67, 1,3,5,7—-18, 10,14 


It will be observed that the locant ,3 is an abbre- 
viated form of ,3-4, the second numeral being quoted 
only when it is not the ‘first numeral plus one.’ This 
is well illustrated in the compound for which the 
systematic name is: 


Dinaphtho[1,2,3-cd,1’,2’,3’-jk] benzo[ def] phenanthrene 
(Ring Index No. 389 6) 


cea 
ye 


“ wf WANG 
‘\) 
a ihe ae 


Where several rings occur in the same structure, but 
in an ‘unfused’ state, as in the examples below, the 
following general rules are to be observed. 

(1) Several rings of the same kind, directly coupled, 
are delineated by @,, as in: 





9 8 2 3 
| ns fee 
ne PYo”e Dt 
| 5 ae | 6 5 
B6.6. 
2 3 
p \ 

6 5 
B6.63,1,4 
(<>< 

AY 6 
5 
B6.6,,1,3,10 


(2) A parallel technique of delineation is used where 
the similar rings are separated by a lone carbon atom 
as in: 
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Pig 0 OEO 


B6.@.C 
i | 


B6.0;C 


She aca | <4 
LYurr 
— % lias 


~ 
H.C 


CHe 
<>? 


B6.4,1,3C,4,6 
(3) Where two or more similar rings are joined to 
an assemblage of aliphatic carbons, the latter is treated 
as a substituent of that ring which gives the lowest 
locant to the first affected operation; thus, in the 
structure shown below the ring on the left is treated 
as the generating operation, as it makes the locant of 
the single C’s ,8,8 instead of ,11,11. The second ring 
is cited in square brackets and is enumerated de novo. 
It is a general rule that groups delineated in square 
brackets are not considered for enumeration purposes 
as being part of the main structure, but are enumerated 
separately, e. g., 


CH; 
3 2 
<== 7 8/9 10 ll 12 
<p G0 on, CaS Cis 
. 78 CH, 


B6.C,.C,8,8.[ B6],12 


(4) When two different rings are coupled together, 
whether the coupling be direct, through a lone carbon, 
or through an assemblage of aliphatic carbons, the 
senior ring is always cited first, and the second, or 
junior ring last, after the citation of any intervening 
carbon atoms as substituent to the senior ring. 
Seniority in rings is based on the following points: 


1. A large ring is senior to a smaller one; 7. e., A6 is senior 
to Ad. 

2. Of two equal sized rings a B ring is senior to an A ring. 

3. Any fused ring is senior to any monocycle; hence A65 is 
senior to B8. 

4. Among fused rings seniority depends first on the number of 
meshes and second on their size. Hence A65: is senior 
to A76 but junior to A625. 


Examples of the application of these rules are: 


B6.[A5] B6.C.[A5],7 Ady1-3.[B6],4 
a 
8 9 10 «611 
a cote : 
1 


_6l 
¥ Gn, Py 
5 


B6.C;,1-8.C,9.[ A5.C.3],11 
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Where a third ring brings yet another component 
into play the central component is used as the basis for 
the generating operation: 


1110 
VA es 4 ] aap 46 


\ 
y. 
B65.C;,4.C2,9.H,7.[ Bé:.4],14.[B6],12 


HETEROCYCLIC COMPOUNDS 


All heterocyclic substances are referred, for delinea- 
tion, to the fully saturated carbocyclic analogs, the 
main operators for indicating the hetero-atoms being: 


ZQ Hetero-oxygen 

ZQ4 Hetero-tetravalent oxygen 
ZS Hetero-sulfur 

ZS4 Hetero-tetravalent sulfur 
ZN Hetero-nitrogen 

ZN5 Hetero-pentavalent nitrogen 


The lactone group —CO. 
ZXWX The acid anhydride group 


Examples are: 
2. ee \ 


0) <0 a ie Ve 


B6.ZN B6;.ZN,3,7 B5.ZQ.H_ B65.Z8,7.ZN,9.H,7 B6s.Z84,1,2 


o- 
—CO.0.CO 


@ | 
iba a 


while a more complex instance is 5,6,7,12,13,14- 
Hexazapentacene (Ring Index 3228) or pyrazino-2,3- 
b5,6,-b’ dequinoxaline: 


FUNCTIONAL GROUPS 


Only a few general examples of the principles adopted 
for the ciphering of functional groups can be given, ow- 
ing to exigencies of space. 

The use of Q to denote oxygen leads to Q for hydroxyl, 
EQ1 for an aldehydic carbonyl group, EQ for the 
ketonic carbonyl, and X for carboxyl, as in the follow- 
ing examples: 


CH;CH,OH or C2.Q CH;CH.2CHO or C;.EQ1 
CH;COOH or C:.X  CH;COCH; or C;.EQ,2 
HOOC.CH:CH,COOH or (..X,1,4 

CHa: CH:-OH + CH,-CHO 
CH, CH: 
CH,-C-CH; CH,CO-C-COCH; 
CH, oH: 
< “3 
CH,-CH2-OH CO-CH; 
('7.C,4,4.Q,1,7 C7.C2,4,4.EQ1.EQ,6,8,10 
CH,COOH 
CH, 
CH.-CO-C-CH.OH 
CH, 
s 
CH,-CH; 


C7.C2,4.C,4.X.Q,10.EQ,8 
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This rule suffices for the notation of all alcohols, gly- 
cols, aldehydes, ketones, acids, and substances compris- 
ing any or all of such groups together. Ethers and es- 
ters are ciphered from the side containing the larger 
hydrocarbon residue, thus: 


C2-Q{C2] CH;CH.COOC:Hs 


3° X[C2] 


~~ SOCH:;CH=CH;, _——B6.Q[C;.E.3] CH,COOC.Hs 
<>? C.-[X.C,] 


It will be observed that when an ester is ciphered from 
the acid side, X is cited outside the square bracket; 
when from the alcohol side, X is included within the 
bracket, thus distinguishing the two modes of treat- 
ment. 


CH;CH.0CH:CH; 


CH CH CH.COOEt CH,OCO(CH;),,<CH; 

CH,CH,CHCH.OCH CHCOOEt CHOCO(CH:).CH; 

‘CH, du,coort CH,OCO(CH:):;CH; 

C,.C,2.Q[C;2] Cs.C,3.X[Ca],1,5,6 Cy. XCre],1,2,3 
12 13 
7 8 9 10 1 CH:CH: 
€_>—CH.CH.CH.CHCH 
| OCH;CH;CH;CH; 


14CH, 


B6.C;.C, 10.[ Bs] 14.Q[C,J 11 


Special rules have been drafted to cover aggregates of 
polyfunctional units, based on the seniority in citation 
of the unit with the largest number of operative func- 
tions, but for details of these, reference must be made 
elsewhere. 

The modulated forms of N shown in the table below 
are used to denote nitrogenous functions: 


Attention must be drawn to three major develop- 
ments connected with the new notation: 


(1) Its relation to a more extended and conventional 
nomenclature form. 

(2) The mathematical significance of the symbols 
in relation to molecular formulas. 
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(3) The utilization of the. new notation as a basis 
for punch-card manipulation. 


(1) The relation of the new notation to a more extended 
and conventional nomenclature form. It has been as- 
sumed by some that there is no obvious connection be- 
tween the new notation and general organic chemical 
nomenclature, but this is not inevitably true. One pur- 
pose of this communication is to demonstrate that the 
new notation can give rise to an equally definitive and 
unambiguous nomenclature, which is nearly enough 
related to that commonly used as to be readily intelli- 
gible. In fact, the cipher can be regarded as the abbre- 
viated written form of an exactly parallel expanded 
form which can be printed or spoken in exactly the 
same way as existing nomenclature, with the enor- 
mously enhanced value which the cipher arrangement 
confers upon it. 

Dealing first with hydrocarbons, there is no need 
to alter the connotation of C, Ce, Cs, ...Cio, ete., and 
the names methane, ethane, propane, ...decane, etc., 
are preserved intact; in the same way the correspond- 
ing group names methyl, ethyl, propyl, ...decyl are 
retained. The arborescent hydrocarbons are, there- 
fore, delineated and named thus: 


H CH.CH: 
CH,-C-CH,:(CH;),CH; CH,(CH:),CH-CH,-CH(CH;)- 
(CH:),CH, 
Hs 
Cyo.C,2,2 Cy1.C2,4.C,6 
Decane,2,2-dimethy] Undecane,4-ethyl,6-methy] 
CH; CH.CH; CH,CH,CH; 
CH;CCH,CH:CHCH,CH 
CH; CH.CH.CH;’ ~ 
Ci0.Cs,4.C2,6.C,9,9 


Decane,4-propyl,6-ethyl,9,9-dimethy]l 


The various modulated forms: of E used to denote 
unsaturation are commuted as follows: 


E -ene 

El -cis-ene 
E2 -trans-ene 
K3 -yn 


but the ‘‘-ane’”’ termination of the stem is not with- 














Asin 
N Amino NH: Aniline B6.N 
Nl Nitroso NO Nitrosophenol B6.Q.N1,4 
N2 Nitro NO, Pinirotclese B6.C. N2,2,4,6 
N3 Azido N; 4-Nitroazidobenzene B6.N2.N3,4 
N4 Azo »—N=N— Azobenzene B60.N4 
N5 Pentacovalent nitrogen Cetyltrimethyl ammonium bromide Cis.N5[ C]s.[ Br] 
N6 Alidiazo Nz Diazomethane and diazoacetic ester C.N6 


The application of these principles to the complex molecule of Dianisidine Blue is shown below. 


HNCO OC 


H; | 
= 8D 
ee 


3,3’-Dimethoxy-4,4’-bis(3”-naphthalenecarboxyanilide-1"-azo)dipheny] 


OCH; 


ye 


B6.62.QC,3,9.N4[ B6:.C,4. EQ: N[ B6],11.6],4,10 





COHN 4 
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drawn in such eases, as it is desirable to maintain an 
exact equivalence between the cipher and the expanded 
notation, while, in addition, any deviations from this 
principle would have a serious adverse effect in index- 
ing. Thus, taking the examples previously used we 
arrive at 


CH; CH; 

b ee 
CH,—CH bd . CH:CH.2C H.C—CH; 
=C-CH; CH; 


Cy.C2,4.C,4,8,8.E, 10.E3,2 
Nonane,4-ethy1,4,8,8-trimethyl, 10-ene,2-yn 


ad -CH,CHs 
CH;C—CH 


I 
CH,CH:C—C-CH; 


i 
CH;C—CH 


| 
CH;C-CH,CH2CH.CH; 


Cy4.C2,7.C,3,4(2) 10.E1,3,5,7.E2,9 


Tetradecane,7-ethyl,3,4,6,8, 10-pentamethyl,3,5,7-cistriene, 
9-trans-ene 


With ring compounds there arises the necessity for 
having two sets of enumerative prefixes; thus, in a 
case such as B6;5: the one set is essential for designating 
the size of the meshes (in this example ‘6’ and ‘5’), and 
a second set is requisite for designating the plurality 
of rings (in the instance cited, the subscript numerals). 
The nomenclature used is based on the elegant system 
of Dr. F. Lowell Taylor? using Latin enumerative 
prefixes to indicate the numbers of each ring species, 
and Greek enumerative prefixes to state the size of the 
rings. These prefixes are set out in Table 2. Dr. 
Taylor’s enumeration pattern is not, however, used. 
The application of these prefixes is conjoined with the 
two words “alan” corresponding to A, and ‘“‘alen” 








TABLE 2 
Enumerative Prefixes for Ring Nomenclature (after 
Taylor 
Latin Greek 
(Ring plurality) (Ring size) 
2 Bini 
3 Terni Tri 
4 Quaterni Tetra 
5 uini ~ Penta 
6 Seni Hexa 
7 Septeni Hepta 
8 Octoni Octa 
9 Noveni Nona 
10 Deni Deca 
11 Undeni Heundeca 
12 Duodeni Dodeca 
13 Ternideni Trideca 
14 Quaternideni Tetradeca 








2 Taytor, F. L., ‘‘A Proposed System of Enumerative Nomen- 
dature for Organic Ring Systems,” published by the Dow 
Chemical Co., and privately distributed, 1947. 
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corresponding to B. Thus, the simple monocycles 
will be: 


cycloPropane A3 Trialane 
cycloButane A4 Tetralane 
cycloPentane A5 Pentalane 
cycloHexane A6 Hexalane 
cycloOctane A8 Octalane 
Benzene B6 Hexalene 
cycloOctatetrene B8 Octalene 
cycloDecapentaene B10 Decalene 


In simple structures this procedure would give rise 
to the following usage: 


CH, HC CH 
\ 4 
CH 
OH 
aN | CH; 
CH, 


a-Terpineol 
A6.C;,1-8.C,4.E,3.Q,8 
Hexalane, 1-8-propyl,4-meth 1, 
3-ene,8-ol 


1,1-Dimethy]-3-(3*-metho- 
propen(3)-yl) cyclohexene-4 
(Beilstein ) 
A6.C;.C,3,3,8.E,5,7 
Hexalane, propyl,3,3,8- 
trimethy],5,7-diene 


Further examples of hydrocarbon nomenclature are 
given in Table 3. 

In fused rings, examples of the usage of the two kinds 
of prefix are given in the examples below: 


Adamantane 
6 5 4 
4 CH.—_—-CH——-——CH, 
ey ee 
2 2 
gi 1 CH——|—CH,— CH 
\ | 10 CHe 
: n__¢H——_cn, 
u 7 8 9 
A6,,1,1 A63,1-3,5-8 


1-3,5-8, Ternihexalane 


266% 
Ba 
AAY 


B6s,1,3,5-14,8, 10,13- 
17,25 


(A) (B) (C) 


(A) 1,3-Ternihexa,10-pentalene,15-hydro 
(B)  1,3,5-14-Quaternihexa,6,10-binipentalene 
(C) 1,...ete.,....25-Octonihexalene 


1,1-Ternihexalane 


ponmeny/ 


JN 
ANY A 
ae 
UI 


B6,5,1,3,10.H,15 B6452,1,3,5-14,6,10 


Where the 6 convention has been used the following 
nomenclature is applied: 


6, Bis 

6 Tris 

& Tetrakis 

6 Pentakis etc., as in: 





hex’ > Chic ie: 


B6.0.C 
Bis-hexalene methane 


B6.4,1,4,10 
1,4,10-Tetrakishexalene 


’ These new sounds are admittedly a little unusual, but 
one soon becomes accustomed to them. 

Nomenclature of heterocylic compounds follows the 
familiar usage of oxa-, thia-, aza-, etc., as shown below. 


| | B.ZN Hexalene,aza 
VY 
N 
N 
0 JN 
| | | Bé.2N,3,7 Binihexalene,3,7-diaza 
AZ 
N 
7 
| | B5.ZQ.H Pentalene,oxa,hydro 


B65.ZS,7.ZN,9.H,7 Hexapentalene,7-thia,9- 


aza,7-hydro 





1,3,5,7-18-Quinihexa- 


B6;,1,3,5,7-18.ZN, 
8,17 lene,8,17-diaza 





A62.ZX,3 Binihexalane,3-lactone 


It will be observed from the final example above 
that the expanded equivalent for ZX is “lactone.”’ 

Application to structure where, in some cases, sys- 
tematic nomenclature has been abandoned is shown in 
the following instances: 


Flavophene 
B6,5,1,3,5-14,6,8,12,10.ZS,29,H,29 
1,3,5-14,6,8, 12-Septenihexa, 10- 
pentalene,29-thia,29-hydro 
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Rubicene, which has as its cipher 

| B6;52,1,4,15,21,3-11,6 is readily 
expanded to 1,4,15,17-Quinihexa,3- 
11,6-binipentalene 





Benzotriazepine ciphers quite readily as 
B76.ZN,3,4,7.H,3 which has the ex- 
paned form Heptahexalene,3,4,7-tri- 
aza,3-hydro 


6 ale 


Functional Groups. The simple oxygen functions, 
represented in the cipher by Q, EQ, EQ1 and X are 
easily spoken of as ‘ol,’ ‘one,’ ‘al’ and ‘acid,’ respectively, 
thus bringing the scheme into line with the commonly 
accepted nomenclature of these structures. Some 
examples are: 


eat aaa C,..Q Butane,ol 

CH, SC .CH(OH)CH:CH.CH; C..C,2,2.Q,3 Hexane,2,2-di- 

CH;” methyl,ol-3 

CH;COCH; C;.EQ,2 Propane,2-one 

CH;CH.CH(CH;)CH:CHO C;.C,3.EQ1 een eaety), 

a 

CH;COOH C2.X Ethane,acid 

Feta 

CH,COOH C,.X,1,4 Butane, 1,4-diacid 

CH,OH 

H.CHO C,.C,2.X,6.Q. Hexane,2-methy], 

EQ1,7.EQ,  6-acid,ol,7-al,4- 
ae one 


CH.CO.CH:COOH 


Ethers, in which it will be noted that the cipher 
always contains Q in front of a square bracket, as in 
C2.Q[C2] are expanded in terms of ‘oxy’; except when 
the Q is included in the @ operation when the term 
‘oxide’ is used. The brackets are retained in the 
expanded forms to eliminate any confusion in enumera- 
tion. Examples are: 


CH;CH.CH:.0O.CH:CH; Propane, oxy [ethane] 


C;.Q[C2] 


~ >0.CH,CH=CH; B6.Q[C;.E.3] Hexalen,oxy [3-pro- 
VF ’ , pane,en] ~ 


Delineation of the esters is governed by rules set out 
in the monograph; in the expansion of the cipher the 
equivalence of X and “acid” is maintained, but esters 
eiphered from the alcohol side, where X is within the 
square brackets, may be so designated by reversing the 
word “acid” (7. e., “dica’’) as in: 


CH;CH.CH.COOC,H; Butane, acid [ethane] 


4X [Ce 


CH;(CH:2);0.COCH.CH2CH; Hexane, [dica, butane] 
Co. [X.Ca] 
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“at CH,CH.CH; 
CH;—C(CH2)10CH2.0.COCH2C 
# \ 
CH; CH.CH.CH:2CH; 


O13.C,2,2. [X.Cs.C2,4.10],138 Tridecane,2,2-dimethy],13[10-dica, 
octane,4-ethy] ] 


Space does not allow me to deal in detail with com- 
pounds of nitrogenous function, but it will be evident 
from the examples below that the use of standard 
equivalents for the various modulated forms of N, 
generates a convenient, unique and easily usable 
nomenclature: 





CH; 
-e 
B6.C,1,4.N [C;.2] Hexalen,1,4-dimethyl, 
‘ goa (C}2 Sumner py 
& H, CH, {methyl} 
| 
CH; 


CH;CH.CH:CONH: C,EQ:N Butane, amide 


HOOC NO, NO: COCH 


web oA ">NO: 
NO; NO; 
B6.0.C,8,9.X,13,14.N2,2(2)12 


Bispheny],3,9-dimethy],13,14-diacid,2,4,6,8,10,12-hexanitro 


OH 


B62.Q,3.N4[B6.N [C ]2.4],4 
Binihexalene,3-azo 4-hexalene,dimethylamino 


CH 
@ A6.C;,1-8.C,4.E,3,7.ENQ,10 


HON = CHE —C Hexalane,1-8-propy!,4-methyl, 


oN 3,7-diene, 10-oxime 
3 
< 
HC———-CH 


| | 
H.C CHCH,CH.CH:CH:COOH 


Ade.ZS,4.ZN,6,8.C5,3.X,13.EQ,7 
Binipentalane,4-thia,6,8-diaza,3-penty],13-acid,7-one 


(2) Empirical (molecular) formulas and checking. 
Each operation in any cipher of the new notation must 
comprise at least one letter; if arbitrary constants (as 
set out in Table 1) are attributed to the letters and to 
their modulated forms, it is possible to compute the 
molecular formula by summing the constants in any 
cipher. This affords an easy and rapid check on the 
accuracy of a cipher and can conveniently be carried 
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out on any simple nine-digit adding machine, as shown 
in Figure 1. Such additions can, of course, be carried 
on by simple mental or written processes; on the other 
hand, for checking large masses of information, the 
fully automatic punched-card machine could be used. 
It is doubtful whether such a machine is worth while 
for this purpose, as the modulated forms would involve 
many banks of sequential relays. Examples of such 
computations are given below. It will be noted that 
there are two locants in the cipher of morphine sulfonic 
acid which have been distinguished by superscript 
Roman numerals (III and IV); this is not actually part 
of the cipher but is a very convenient guide to the 
memory as to the type of interface which the locant 
portrays; in the absence of such a superscript a simple 
interface involving only two common atoms in in- 
volved; the III indicates that the interface has three 
common atoms, and IV, or V points to four or five 
common atoms, respectively. It is not necessary to 
do this except where computations have to be done on 
complex ciphers, such as: 


A6,5,1,1-3,5,7-17.ZQ,18.ZN,13.C,13.E,5,9,14,16.Q,8,16.83,15 
(Morphine sulphonic acid) 





























Cipher Positive Negative 
Rings 64 4 X 604 2416 
Ring 5 503 : 
IV interface 404 
III interface 303 
Two normal interfaces 2 X 202 404 
Sus-TotauL 2919 1111 
—1111 
1808 
A ring allowance (add 
in Ist two digits) 18 
ZQ 9898 
ZN 999899 
C 102 
E,5,9,14,16 4X2 8 
Q,8,16 2 X 10000 20000 
S83 100030000 
Cipher constant 2 
Total 101061727 8 
Less negatives 8 
CrHisNOS 101 06 17 19 
SNO CH 
B6;,1,4.ZN,3,6,7,9.Cs,6.C,12,13.H,6,8,9,10.Q,16(1)19.EQ,8,10 
(Riboflavin) 
Cipher Positive Negative 
Rings B6; 3 — 604 1812 ‘ 
Two normal interfaces —2 X 202 404 
ZN,3,6,7,9 4 X 999899 3999596 
5 5 X 102 510 
C,12,13 2 X 102 204 
H,6,8,9,10 4 
,1691-19 4 X 10000 40000 
Q,8,10 2X 9998 19996 
Cipher constant ° 2 
Totals 4062124 404 
Less negatives —404 
CizyHaO6N 4 07 17 20 
174420 4 N O C H 
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Figure 1 


(3) The reduction of ciphers to punched-card form. 
Since the cipher of an organic compound contains all 
elements of structure, it follows that it can readily be 
adapted to punched-card form. The punched card, 
will, of necessity, embody all these original structural 
details. After considerable experiment, it was decided 
to use a principle of card-punching which differs from 
that in use for simpler purposes namely, multiple 
punching and vertical scanning of columns. The 
actual significance of the punch system used is too 
complex to be dealt with in detail here, but an example 
of what is implied by “multiple” punching is given 
below. In this example it is assumed that any combi- 
nation of holes in any column can be used on the 
ordinary I.B.M. or Hollerith card; in actual practice 
certain restrictions of this principle are convenient, the 
details of which must be left for a subsequent com- 
munication. In the idealized example the top (or 
X) row of the card signifies whether the symbol being 
punched is a letter or a figure. The remaining rows 
(horizontally) are associated with the numbers 


1, 2, 4, 7, 10, 20, 40, 70 


so that by punching the appropriate holes, any number 
up to 99 is arrived at; e. g., 

77 =7+ 70 

81 = 1+ 10+ 70 

9§= 1+ 4+ 20+ 70 
This derived binary system was considéred simpler to 
operate than the true binary series,.1, 2, 4, 8, 16, 32, 64, 
which, although needing only seven lines, is less easy 
to punch when numbers of two digits are involved. 
Three or four (or even higher) digit. numbers are 
punched in two or more columns, e. g., 


42 65 
2 1 
40 4 
20 
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The last three rows (marked 7, 8, and 9 on the standard 
card) are specifically reserved for the stop, comma, 
and hyphen and enable these often-used symbols to be 
incorporated in the same column as the letters or num- 
bers which precede them, thus effecting considerable 
economy of space usage on the card itself. 

The complete range of punchings is shown in Table 4. 











TABLE 4 
Key for Punching Cards in Cipher 
Let- Num- Let- Num- 

ter _ ber Punching ter _ ber Punching 

A 1 1 Ss 19 10+ 7+ 2 
B 2 2 T 20 20 
C 3 2+ 1 U 21 20 + 1 
D 4 4 V 22 20 + 2 
E 5 4+ 1 WwW 23 20+2+1 
F 6 4+ 2 x 24 20 + 4 
G 7 “| Y 25 20+4+1 
H 8 7+ 1 Z 26 20+4+2 
I 9 7+ 2 ( 27 20 +7 
J 10 10 ) 28 20-+7+1 
K 11 10 + 1 [ 29 20+7+2 
L 12 10 + 2 ] 30 20 + 10 
M 133 100+2+1 ii 31 20+ 10+ 1 
N 14 10 + 4 $ 3 20+ 10+2 
O 15 10+4+4+1 33 20+ 10+2+1 
P 146 10+4+2 20+10+4 
Q 17 i0+ 7 (The three lower rows on the 
R 18 10+7+1 card are reserved for . , and -). 


There is provision for the lower-case type to be represented by 
the normal letter punching plus the ‘‘70” hole. 





Figure 2 shows the punching device; the two keys 
marked with arrows are A to release the carriage com- 
pletely for removal of card, and B to move the card 
along one space. 

An example of a cipher reduced to a punched card is 
shown in Figure 3. 

(4) Extension of the binary system of punching to 
other data. As very few organic structures when re- 
duced to punched-card form fill more than half the 
card, ample space remains for the punching of other 





Figure 2 
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Figure 3 


data. The card illustrated in Figure 4 shows the com- 
plete literature references and structure of 6-vinylacrylic 
acid (C;.E,1,3.X,5). 
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Figure 4 


In this way a classified index of abstract or primary 
references can be built up, and in a similar way (as 
shown in Figure 5) the physical properties of organic 
compounds may be recorded, with the structures them- 
selves, on punched cards. It is worthy of note that 
when an index of punched cards has been compiled it 
can be copied mechanically at little cost. Thus, a 
replica index in punched-card form could be distributed 
to users of sorting and interpreting machines. 

(5) Manipulation of punched cards. ‘One of the 
most important properties of punched cards is that by 
feeding a pack of such cards through a sensing mecha- 
nism (which “feels” through the holes and thereby com- 
pletes electrical circuits) the impulses generated can be 
fed into an electromatic-type-machine which will print 
out the letters and symbols recorded. In this way a 
pack of cards can be used to generate a printed list of 
structures and literature references. 

The element of selection can be carried out in a vari- 
ety of ways: 

(a) By applying the electrical principle of ‘‘matched 
circuits” search can be made for any given component 
in a structure. Thus, all cyclohexane compounds can 
be located in a pack of punched cards by the simple 
expedient of passing them through the sensing mecha- 
nism with the brushes set for the symbols A6. As soon 
as a card with the appropriate punching passes under 
the brushes, a circuit (matching that pre-set in the 
mechanism) either initiates the printing of the card- 


Figure 5 


record or, alternatively, throws the card into a special 
compartment. 

(b) The procedure of the previous paragraph implies 
that the card is segregated if it carries the A6 punching 
anywhere in its make-up; searching can be restricted 
to a particular location. For example, in arranging a 
pack of cards in order, it is necessary to sort on the first 
operation; thus, all cards commencing with A will 
constitute the first group; these can be sorted by set- 
ting the controls so that the operating relay is released 
only if A is sensed in column 1. The same mechanism 
may be used for sorting “‘to operations,”’ 7. e., all com- 
pounds carrying, say, C in the third operation can be 
selected. 

(c) The principle of selection is not confined to a 
single column; up to at least 10 columns may be used. 
Thus, to search for the 1-benzthiazoles, it would be 
necessary to set the selecting panel to respond to 
B65.ZS,7.ZN,9 involving nine columns. A special cir- 
cuit is of course included to prevent the selector’s opera- 
ting except when this series of columns occurs in im- 
mediate sequence. 

(6) The compilation of a Lexicon of Organic Chemis- 
try. All chemists throughout the world deplore the 
absence of an exhaustive compendium of data on or- 
ganic chemistry similar to that commenced by Beil- 
stein and successfully completed by the German 
Chemical Society up to 1920. The last quarter of a 
century has been more productive than any other in 
human history, insofar as organic chemistry and its 
cognate branches are concerned, ard this material is 
virtually uncharted. 

While it appears impossible, or at best extremely dif- 
ficult to continue the older style of Beilstein sufficiently 
rapidly to overtake the progress of organic chemistry, 
the grave need for a suitable and exhaustive “Lexicon 
of Carbon Compounds” has led me to investigate the 
possibilities of using the new notation and its mechani- 
cal applications for compilation of such a work. An 
organization® is at present surveying the problem of 
constructing a “card-script” from which the final 
Lexicon may be printed. There seems some reasonable 
hope that, given international cooperation, a card- 
script up to 1950 could be ready early in 1953 and the 
issue of the Lexicon completed by 1958. 





3 Index Bureaux, Ltd., Loughborough, England. 





€ THE USE OF PUNCHED CARDS FOR THE 
CODING OF INORGANIC AND SIMPLE 
ORGANIC COMPOUNDS' 


Tue personnel in our laboratory have been engaged 
in compiling, through literature searches, the available 
physical properties of a number of inorganic and simple 
organic compounds with reference to the source of this 
information. A need for a convenient method of cross 
indexing the data was soon apparent. 

Our aim has been to develop a system which would 
permit the rapid removal from our files of any informa- 
tion which might reasonably be sought by our staff 
for use in their research. Thus, if information as to the 
latent heat of fusion of aluminum chloride were needed 
we would want to obtain it without the necessity of 
examining all of our cards on aluminum chloride or 
heats of fusion. We were further faced with the prob- 
lem that a given literature reference often contains 
information pertinent to several different chemical 
compounds and giving many properties of each of these 
compounds. 

A preliminary investigation of the problem led us to 
consider the use of Keysort cards. Several previous 
papers on the subject were consulted.? 

The advantages of Keysort cards and the techniques 
for their use are amply described in the literature. 
(The method to be described here is a further develop- 
ment of earlier methods.?) 

Since procedures already exist for the direct coding of 
physical properties, we were faced only with the problem 
of devising a method for coding of the inorganic and 
simple organic compounds. It is our belief that the 
system presented here meets these requirements with 
the advantage that it can be used by personnel having 
little or no previous experience with punched cards. 


DETAILED SOLUTION OF THE PROBLEM 


The card decided upon is 5 X 8 in. and is punched as 
shown in Figure 1. The upper edge ofthe card (holes 





1 Contribution from the Cryogenic Laboratory, Department of 
Chemistry, The Ohio State University, Columbus, Ohio. This 
work was assisted by Contract W33-038-ac-17721 between the 
United States Air Forces and The Ohio State University Re- 
search Foundation. 

2(a) Casry, R. S., C. F. Bartey, anp G. J. Cox., J. CHEM. 
Epuc., 23, 495 (1946). (b) Cox, G. J., C. F. Bartry, ann R. 8S. 
CasEy, Chem. and Eng. News, 23, 1623 (1945). (c) FReEar, 
D. E. H., Science, 98, 585 (1943); Chem. and Eng. News, 23, 
2077 (1945). (d) Frear, D. E. H., E.' J. Serrerue, ann H. L. 
Kine, Science, 104, 177 (1946). (e) Guu, C. D., J. Chem. 
Educ., 23, 500 (1946). 


- A. B. AMSTER, C. W. BECKETT, an 


H. L. JOHNSTON , 
The Ohio State University, Columbus, Ohio 


b) 


1 to 29) will be used for punching in the formula of the 
compound. Holes 30 to 91 will be used for specific 
properties, one hole being used for each property. It is 
contemplated that a simple method will also be devised 
for indexing the papers by reference to author and 
journal. 

Each group of numbers indicated by the figures 
7-4-2-1 is called a field. A field is used to indicate the 
numbers 0 to 9. Thus, punching 4 and 1 indicates 5. 


The rest of the numbers 1 to 10 are indicated as shown 


in Table 1. 





TABLE 1 


Number to be indicated 
in the field 





Number punched in 
the field 





CSOWNAOOPWHe 
_ 
' 
bw 


No punch 





Thus, two fields can be used to indicate the numbers 
1to 100. Three fields for 1 to 1000, ete. 

It has been decided that compounds will be coded 
according to their place in the periodic table. An ex- 
ample will illustrate. 

Magnesium chloride Is MgCl. The atomic number 
of magnesium is 12; that of chlorine is 17. One atom 
of magnesium is present; two of chlorine. Thus, 
MgCl, can be represented by the series of numbers 
12-1-17-2. The manner of punching this into the card 
is shown in Figure 1. To remove all cards with infor- 
mation on MgCl, the following procedure is utilized. 

A sorting needle, resembling an ice pick, is inserted 
into those holes which would be punched on a card 
with the desired information (25-22-17-13-12-6 for 
MgCl). Only cards with these holes punched will fall 
off the needle. The double row of holes is used for 
coding compounds with more than two elements. It 
also will be possible to allot definite fields from this top 
edge for the elements H, C, N, O, and for hydrates 
(H.O). Examples for coding more complicated com- 
pounds will be given at the end of this report. 


304 








de 
fo 


ert 
Cal 
les 
( f 

cal 
wil 
car 


elel 


Fig 
int 
sep 
for 
the 
whi 
less 


shor 
viou 
neec 
just 
this 
free, 
whic 








r 








(° [9] 





he 
fic 


ed 
ad 





JUNE, 1949 


As stated above holes 30 to 91 will be reserved for 
definite physical properties. Thus, we might make the 
following assignments. 

31 density 
37 boiling point 
54 heat capacity 


63 crystal structure 
72 spectrum 
84 heat of fusion 


The use of these is indicated in Figure 1. 

In order to obtain the heat capacity of MgCl. it 
would be necessary to separate all MgCl: cards as before, 
and then, using the sorting tool in hole No. 54, to drop 
out all such cards containing heat capacity data. 

At present, no definite assignment of a given prop- 
erty to a given hole has been made; nor will the 
cards be specially printed for this purpose. A more or 
less standard type card is being used to permit a degree 
of elasticity in the modus operandi and to make these 
cards adaptable to the needs of other allied projects 
without necessitating a reorder or a redesigning of the 
card. 

When punching in a compound with more than two 
elements, it is necessary to use the inner row of holes, 
1 to 29. For this purpose a “center punch”’ is used. 
Figure 2 shows how the number 6 would be punched 
into a field in such an inner row. The method of 
separating cards so punched is a bit more involved than 
for an outer row but not prohibitively so. As is usual, 
the needle is placed into the desired holes. The cards 
which have been center-punched will not fall out (un- 
less the outer hole has been punched also)* but will 





3 This will be no cause of ambiguity since the type punches 
shown in Figure 3 would exist. Types ‘“‘a’” and ‘‘b’” could ob- 
viously cause no difficulty. Since the outer row is always 
needled before the inner, a type “‘c’’ hole would fall clear initially 
just as though an ‘‘a” punch alone had been used. Following 
this with an inner row sorting operation would allow it to fall 
free, but the needle would still (as normal) retain those cards 
which were not punched as desired. 
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Figure 3. Different 
Types of Hole-Punches 





212 1) (} 2124 
}olO O}O 


Figure 2. Use of Center Punch 
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drop below the others sufficiently to expose the outer 
row of the unpunched cards. A second needle is in- 
serted into the outer row of the unpunched cards, the 
first needle removed, and the center-punched cards will 
drop out. 
The double row on the upper edge is composed of: 
7 outer row fields 


7 inner row fields 
2 single holes 


These can be represented diagrammatically as shown in 
Table 2, with the fields and holes as indicated. 
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Figure 4. Encoding of Boron Trichloride, BCl; 


O20 
OvrO 
0-0 








TABLE 2 


A 1 2 3 4 5 6 7 
B 8 9 10 11 12 13 14 








Fields 1, 2, and 3 are used for the first element in a com- 
pound; 4, 5, and 6 for the second element; and 8, 9, 
and 10 for the third element. Fields 7, 11, 12, 13, and 
14 are to be used to indicate, respectively, the number 
of atoms of oxygen, hydrogen, carbon, and nitrogen, 
and the number of molecules of water in a hydrate. In 
this way it is hoped to expand the versatility of the 
method. Holes A and B 
are temporarily designated 
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Figure 1. Sample Keysort Card 


pounds are punched in 
Figures 6 and 7. 
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Figure 5. Encoding of Phosphorus Trichloride, PCl; 


Thus boron trichloride (Figure 4) is punched as 
follows. Boron has an atomic number of 5. One atom 
is present. Chlorine is element number 17. Three 
atoms are present. Since two fields must be used to 
encode an atomic number, BCl; is reduced to the 
numerical code 5-1-17-3, which is punched as A-05-1-17- 
3. TheA, then, represents the 0 in 05.4 

Phosphorus trichloride (Figure 5) is encoded as 15-1- 
17-3 where the figures 15 and 17 represent the atomic 
numbers of the elements and 1 and 3 represent the 
number of atoms of each element in the compound. 

For sodium chloroplatinate tetrahydrate (Figure 6) 
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Figure 6. Encoding of Sodium Chloroplatinate Tetrahydrate, Na:- 
PtCly-8H,O 





4 One possible weakness of the system arises when coding com- 
pounds composed entirely of the first 9 elements of the periodic 
table. Thus, if one were really searching for BF; (A-5-1-9-3), he 
would also obtain cards for PF; (A-15-1-9-3). The reverse, 
however, is not true. This latter fact provides a method of 
separating cards so obtained. Given a mixed set of BF; and PF; 
cards, a needle placed in hole number 25 corresponding to the 1 
in 15 would retain the BF; cards and drop the PF; cards. The 
number of such ambiguities is undoubtedly small, and the 
difficulties can all be resolved in a manner similar to the above. 
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Figure 7. Encoding of Sodium Fluoantimonate, Na She 


we have a compound containing three elements and 
also four molecules of water. Therefore, fields 8, 9, 10, 
and 14 (see Table 2) are to be utilized here. Following 
the usual procedure NazPtCl,-4H20 is encoded as 11-2- 
78-1-17-4, H,0-4. 

In the case of sodium fluoantimonate (Figure 7) we 
must use the B hole, since fluorine (atomic number 9) is 
the third element in the compound. This compound 
NaSbF; is reduced to 11-1-51-1-09-6, and, in addition, 
we punch the B hole. 

Briefly, the following table indicates the use cf each 
field: 





TABLE 3 





For indicating 


For indicating 
number of atoms 


atomic number 





ist element in compound 1:2 3 
2nd element in compound 4,5 6 
3rd element in compound 8,9 10 
For indicating number of atoms of oxygen 7 

“ “ “cc “cc “cc “cc hydrogen ll 

“cc “cc “cc “ “ “ earbon 12 


cc “cc “ “ “ “cc 


nitrogen 13 
«molecules of water 14 





A compound such as H2SO, would be punched for 
sulfur in fields 1, 2, and 3, while the oxygen and hydro- 
gen would be indicated in fields 7 and 11. 
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THOMAS HUGER HAZLEHURST 


On April 6, 1949, Dr. T. H. Hazlehurst, Professor of Chemistry at Lehigh University, 
Bethlehem, Pennsylvania, died after a prolonged illness. His professional career of 22 years on 
the Lehigh Campus has been one of distinguished service in teaching, counselling, research and 


committee activities. 


Dr. Hazlehurst’s contributions to chemistry cover a wide range—papers on thermodynamics, 
chemical education, a text on qualitative analysis (coauthor with H. V. Anderson), practical 


researches on non-glare glass and dust studies on blankets, etc. 


He was a frequent contributor 


to the JouRNAL or CHEemicaL Epucation and speaker at national meetings of the American 


Chemical Society. 


Among his civic activities were enthusiastic participation in Parent Teachers work, first aid 


and blood donor campaigns, and the furtherance of art collections. 
bequest of his eyes for research in medical science. 


His final service was the 
He was a devoted family man and is survived 


by his mother, wife, and one son Blackburn Huger Hazlehurst. 
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é THE TRAINING OF A CHEMIST (INORGANIC) 


Earty in 1948 the authors began a study of the con- 
tent of the usual course in freshman chemistry in the 
United States. We hoped at the same time to gather a 
good deal of information about the status of inorganic 
chemistry in relation to chemistry as a whole. Accord- 
ingly, a survey questionnaire was sent to 60 departments 
of chemistry accredited by the A. C. 8., selected from 
the list published in Chem. Eng. News, 25, 3888 (1947). 
Fifty replies were received, although some were not 
complete. All figures are for the year 1947. 


PART I—FACTS OBTAINED IN: REGARD TO 
FRESHMAN CHEMISTRY INSTRUCTION 


(1) Total Faculty (Asst. Prof. and up) 
partments reporting). 

(2) Total faculty (Asst. Prof. and up) teaching fresh- 
man chemistry = 220 (49 departments reporting). 

(3) The major interests of these 220 faculty members 
are as follows: 


= 671 (49 de- 


Physical Chemistry = 
Inorganic Chemistry = 73 
Organic Chemistry = 
Analytical Chemistry = 13 
(4) 48 departments reported 40,850 students com- 
pleted the freshman chemistry courses. These students 
were taught by 214 faculty members for an average 
ratio of 191 students per faculty member. The stu- 
dent-faculty ratio varied from 17 to 1 up to 733 to 1. 
(5) Of 45 departments reporting, 15 teach qualitative 
analysis in the freshman year. 
(6) The names given to courses at the freshman level: 


Gotideah CHEMMBINY nt cis lek sie dac cernts Siswece ce es 22 
General and Analytical Chemistry................... 9 
Inorganic and Analytical Chemistry................. 3 
PSE CEG OL ASTD aa air ey fee ee ee 3 
General and Inorganic Chemistry. . RR rete gs ace 
Introductory and Analytical Chemistry. . SEL ah eee eee 1 
Basic and Analytical Chemistry.......... aire See tees 1 
Principles and Analytical - gcgatal Be ees acne en's 1 
Fundamentals of Chemistry. . SEEN A We Anh ain | 


(7) Textbooks used: 


One of the two texts by McPherson, Henderson, e¢ al.. 7 
“Smith’s College Chemistry,” by Ehret.............. 7 


“Essentials of General Chemistry,’ by Hopkins and 


AMM oe oe orate eR TG SRE Ce + Gare eae Lee SD 
“General Chemistry,’”’ by Pauling.................... 4 
“Basic College Chemistry,” by Babor................ 4 
“College Chemistry,’”’ by Briscoe.................... 4 


“Principles of Chemistry,” by Hildebrand............ 
“General College Chemistry,” by Richardson and 
POHMY Sls Sate osrae Ciena Cee. sta sae We rile ss 
“General Chemistry,” by Timm..................... 2 
“General College Chemistry,” by Sneed and Maynard. 2 


S. YOUNG TYREE, JR., and SAMUEL B. 
KNIGHT 

University of North Carolina, Chapel Hill, 

North Carolina 


Other departments reporting used their own texts. 

Interpretation and Discussion. Admittedly the year 
1947 saw most universities swamped with lower-level 
undergraduates, giving a peak load in the first two years, 
but present national recommendation would expand, 
not curtail, this number of students (1). During 1947, 
however, the prevailing situation was approximately 200 
students for each permanent faculty member in fresh- 
man chemistry. Because of the fact that only those 
students completing the courses are included in the sur- 
vey, this ratio is probably 25 per cent too low. Since 
it is improbable that one man can give individual atten- 
tion to 200 students, this high ratio means that graduate 
students and instructors are being employed in large 
numbers. These serve as the actual contact between 
the freshman student and the faculty. Perhaps it is 
thought by some that graduate students and instructors 
are better able to understand the beginner’s point of 
view. These authors have not found this to be the case. 
On the contrary, the introductory course in chemistry is 
a more difficult teaching assignment than advanced 
courses, where interest and motivation have already 
been established. 

We would not argue that more technical knowledge 
can be imparted in a small class than in large lecture 
sections. However, the present large ratio of students 
to permanent faculty means that the experienced 
teacher cannot give the individual attention which 
would help in the awakening of professional interest and 
this must be left to subordinates. 

It is impossible to analyze the content of freshman 
chemistry courses in detail. Most of the reporting 
departments gave information sufficient to yield gen- 
eralizations, however. ‘This content varies widely. 
Less than a handful of departments continue to give 
the classical freshman course in descriptive inorganic 
chemistry. That is to say, the bulk of the courses con- 
sist of chemical principles, such as atomic theory, theory 
of the gaseous, liquid, and solid states, solutions, and 
chemical equilibria. There is, of course, a smattering 
of inorganic descriptive chemistry, such as oxygen and 
hydrogen (usually incidental to the study of the theory 
of the gaseous state and oxidation-reduction), nitrogen 
and sulfur. Less than a smattering of organic chemis- 
try remains in the course content. In those institutions 
where qualitative analysis is taught during the freshman 
year, the amount of descriptive chemistry is small in- 
deed. Thus, it would appear that instruction in fresh- 
man chemistry is tending toward a very elementary 
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study of physical chemical principles, with such descrip- 
tive material as is necessary to understand these prin- 
ciples. This trend amounts to a gradual, though none- 
theless definite divorce of inorganic chemistry from 
freshman subject matter. There is every justification 
for such a divorce, although the subject of inorganic 
chemistry has not been placed definitely elsewhere in 
the curriculum (see Part II). The divorce has long 
been recognized by at least one organ of the American 
Chemical Society, namely Chemical Abstracts, where 
General and Physical Chemistry make up one section 
and Inorganic Chemistry occupies an entirely separate 
section. A few of the teaching profession still refer to 
freshman chemistry as their ‘freshman inorganic sec- 
tions (2),” but it is felt that this is only a holdover from 
the classical courses in freshman chemistry. 


PART II—FACTS OBTAINED IN REGARD TO 
INSTRUCTION IN INORGANIC CHEMISTRY 


(1) Of 48 departments reporting on this point, 20 offer 
no course in inorganic chemistry. 

(2) Of the 28 departments that do offer courses in 
inorganic chemistry, only 18 require their chemistry 
majors to take such courses. 

(3) Of the 28 departments that do offer courses in in- 
organic chemistry, only 16 include laboratory work. 

(4) Of these 28 departments: 24 offer only inorganic 
courses labeled “advanced inorganic chemistry,” taken 
almost without exception in the senior year; 3 offer 
courses in analytical chemistry and call them courses in 
inorganic chemistry; 1 offers an introductory course in 
inorganic chemistry. 

Interpretation and Discussion. For some time the au- 
thors have been seriously concerned over the status of 
inorganic chemistry in the undergraduate (also gradu- 
ate) curricula of chemistry departments throughout the 
country. This concern is shared by others (3, 4, 4). 
Most students spend an entire year with a survey of de- 
scriptive organic chemistry. Where is the field of in- 
organic chemistry introduced? At one time (many 
years ago) freshman chemistry performed this function. 
This is no longer so (see Part I), nor is it desirable. It 
has been said that the classical second-year analytical 
chemistry courses introduce inorganic chemistry to the 
student. This is no longer fully true, either. More 
and more, qualitative analysis is introducing “spot- 
testography,” using about as many organic as inorganic 
reagents, which is justifiable on many counts. Also 
much of qualitative and quantitative analysis deals 
with mass-law equilibria and stoichiometry, which are 
no more inorganic than organic or physical in scope. 
But where does this leave descriptive inorganic chemis- 
try? In many departments it is simply omitted, prob- 
ably due in no small measure to the present shortage of 
adequately trained inorganic chemists. Where it is 
taught, it is put at the senior level as a combination 
senior-graduate course, frequently not required. 

It would appear that the position of inorganic chemis- 
try in the undergraduate curriculum needs serious 
reévaluation. This need is further emphasized by the 
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background of the average entering graduate student 
who does not and could not be expected to know much 
inorganic chemistry since he has hardly been exposed to 
it. This situation is shown by examinations (3, 5). 

It is our belief that the American Chemical Society 
could help correct this situation. At the 113th meet- 
ing of the Division of Chemical Education, the Com- 
mittee on Examinations and Tests reported that it 
would “continue to construct objective-type tests for 
general chemistry, qualitative analysis, quantitative 
analysis, organic chemistry, physical chemistry, and 
biochemistry...” (6). No tests on inorganic chemistry 
were mentioned. If the committee were to undertake 
the construction of such tests, departments of chemistry 
might take advantage of such a service and discover 
what is believed to be a serious weakness in the under- 
graduate curriculum. 

The Fourth Southwest Regional Meeting of A. C. $. 
local sections was held in Shreveport, Louisiana, on 
December 9, 10, and 11 of 1948. Symposia were held 
on the topics (7): 

The Training of a Chemist (First Year) 
The Training of a Chemist (Analytical) 
The Training of a Chemist (Organic) 


The Training of a Chemist (Physical) 
The Training of a Chemist (Graduate) 


Again, no mention was made of the Training of a 
Chemist (Inorganic). It would appear from the results 
of this survey that this latter topic needs more discus- 
sion than any of the others. 

The Department of Chemistry at Brown University 
has undertaken a bold reorganization (4), aimed in part 
at changing the position of inorganic chemistry in the 
undergraduate curriculum. The need for an under- 
graduate inorganic course (including laboratory) has 
long been felt at the University of North Carolina, and 
we have organized such a course, with the same pre- 
requisites as organic chemistry. It is required of all 
B.S. candidates and is usually taken in the sophomore 
or junior year. Needless to say, no text is available for 
such a course. 

It has been said that inorganic chemistry cannot be 
taught without the background of a sound course in 
physical chemistry. Yet, organic chemistry is uni- 
versally introduced either before or coincident with phys- 
ical chemistry. The type of inorganic chemistry 
taught in the departments reporting is admittedly of an 
advanced nature. As such, these courses not only re- 
quire physical chemistry as a prerequisite but organic 
chemistry as well, if they are really advanced courses. 
Furthermore, such courses presuppose introductory 
courses in inorganic chemistry which are nonexistent. 

With the expansion of chemical knowledge it is ap- 
parent that one cannot intelligently work in one branch 
of chemistry without a modicum of knowledge of all the 
other branches. Thus it behooves the entire profession 


to scrutinize its attitude toward inorganic chemistry 3s 
a branch of the chemical profession. 

The authors wish to express their appreciation of tie 
cooperation shown by the faculty of the fifty depart- 
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ments of chemistry who gave of their time to answer 
the questions submitted in the survey. 
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® INDUSTRIAL TOXICOLOGY 


Donrine a number of years of experience consulting 
with engineers and especially chemical engineers in all 
phases of industry a decided lack in basic engineering 
knowledge has become apparent. <A few of the engi- 
neers are aware of the acute toxicity of some compounds 
but, without exception, none of the engineers realize 
the chronic toxicity or cumulative effects of small 
amounts of some substances inhaled day after day. 
Not knowing the chronic effect, of course, the engi- 
neers do not recognize the danger until too late. Still 
more serious is the fact that they do not know where to 
go for information and help. As most of the engineers 
in industry are in a supervisory capacity, the adequate 
protection of employees under their control is of para- 
mount importance. The adequate protection of the 
employees necessitates knowledge of toxic limits, both 
chronic and acute, of the substances handled, ways and 
means of testing the air for the particular contaminant, 
and methods of controlling the emission of the contami- 
nant. While the complete solution of the above prob- 
lems falls within the province of the industrial hygiene 
engineer, elementary knowledge of the subject should be 
had by all engineers. 

On far too many occasions engineers have said that 
they never received an inkling of chronic toxicities in 
undergraduate days. Just to cite a few cases, a chemi- 
cal engineer was endeavoring to circumvent the basic 
patents on the manufacture of tetraethyl lead. The 
engineer was aware of lead toxicity and he looked up the 
symptoms of lead. Unfortunately he consulted a text 
which covered only inorganic lead. Therefore he was 
unaware of the differences of symptoms that exist be- 
tween organic and inorganic lead poisoning. He did 
not recognize the symptoms as they appeared and the 
poisoning had progressed to a very dangerous point 
before he consulted a doctor. In another instance, a 
company was making lead acetate. The engineer in 
charge while not aware of organic was aware of in- 
organic lead poisoning and had made some steps to con- 
trol the lead used in the process. The toxicity of Acetic 


acid, however, was apparently unknown and no precau- 
tions were taken to control acetic acid vapors in the air. 


FRANKLIN W. CHURCH 
University of Colorado Medical Center, Denver Colorado 


Another instance involved hydrogen and antimony in 
an acid solution. The engineer was aware that arsenic 
under these conditions would give arsine, but was com- 
pletely unaware that antimony would give stibine, an 
equally dangerous compound. The engineers knew 
that blast furnace gases contained carbon monoxide but 
were completely unaware of the very dangerous iron and 
other metallic carbonyls. Case after case could be cited 
and confirm the appalling lack of knowledge of chronic 
toxicity of substances used daily by industry. 

The teaching of elementary industrial toxicology to 
all undergraduate engineering students could be done 
on a seminar basis with perhaps nine subjects as fol- 
lows: Introduction, History and Scope; Dusts; Gases; 
Solvents; Metallic Poisons; Interpretation of Ap- 
proved Maximum Acceptable Concentrations (MAC) of 
Hazardous Material in the Air; General Methods of 
Sampling and Analysis; Engineering Methods of Con- 
trol; Legal Aspects. While the above cannot be con- 
strued as comprehensive coverage, the material would 
give a satisfactory introduction. The above program 
could be carried out without any increase in teaching 
personnel as guest lecturers can be obtained from such 
sources as State Departments of Industrial Hygiene, 
private companies, State Compensation Boards, City 
and County Departments of Industrial Hygiene, U. S. 
Public Health Service, and insurance companies. 
These sources are always more than willing to cooperate 
in such a program. 

Further courses should be offered, particularly to 
chemical engineers, either on a prerequisite or elective 
basis. Industrial exhaust ventilation, encompassing 
both design and calculations, should be given. Pos- 
sibly this could be incorporated into the study of fluid 
flow. Environmental conditions encompassing heat, 
light, noise, abnormal pressures, and comfort zones 
should be given. The physiological factors of comfort 
zones such as are given in the ASHVE Guide could be 
incorporated in the study of air conditioning. Hazards 
of industries could very well be included in industrial 
chemistry and organic unit processes. Other more ad- 
vanced courses could be instituted as the need arises. 





G LABORATORY EXERCISES IN NUCLEAR 
CHEMISTRY 


II. Activation and Detection 


WILLIAM H. HAMILL, RUSSELL R. WILLIAMS, JR., 
and ROBERT H. SCHULER 


University of Notre Dame, Notre Dame, Indiana 


Tue laboratory experience of science students gen- 
erally lags far behind the present state of knowledge. 
This is especially true in the field of nuclear science 
where, in order to realize the full potentialities of recent 
developments, we must begin to include the funda- 
mental concepts and operations in our instructional pro- 
grams. Moderate progress in this direction should be 
possible for most colleges and universities in this coun- 
try, without undue instructional or financial burden. 

The experiments described in these articles are de- 
signed to use the minimum of specialized equipment 
consistent with demonstration of most important opera- 
tions. The small neutron source, the Geiger counter 
and its associated electronic circuits are certainly no 
more expensive or troublesome than many items now 
generally used in undergraduate instruction. In opera- 
tion, this new apparatus requires considerably less skill 
than common analytical instruments. 

Having discussed, in the first article of this series (1), 
the principles of the apparatus and procedures to be em- 
ployed, this article will describe a group of experiments 
designed to demonstrate some of the fundamental phys- 
ical operations necessary to nuclear chemistry. These 
fall into three groups: (1) characteristics of the Geiger 
tube, (2) factors involved in determining the activity of 
a radioactive sample, and (3) activation by slow neutron 
bombardment. As described here, the experiments re- 
quire a maximum of two afternoons of laboratory work 
but may be expanded or compressed to suit individual 
needs. 


APPARATUS 


The experimental procedures which we shall describe 
here and in the succeeding article of this series require 
the special equipment listed in Table 1A which may be 
purchased from any of several suppliefs (2) at the 
approximate prices indicated in parentheses. 

A nonscaling pulse amplifier and register are probably 
adequate for many of the procedures which we shall de- 
scribe but a scaling circuit will be more generally useful. 
It is convenient to employ activities of several thousand 
disintegrations per minute (d. p. m.) in the prepared 
sample; since the mechanical register can only record 
at the rate of several hundred per minute it is usually 
necessary to scale down by a factor of eight or more. 
Each stage in a scaling circuit (scaler) passes on to the 


next stage just half of the impulses it receives; for n 
stages it will transmit to the recorder circuit only 
(*/2)" of the counter pulses. Scale-of-8 (n = 3) and 
scale-of-64 (n = 6) circuits are quite commonly used. 
The register therefore records only scalers; that is, each 
unit registered represents eight, sixty-four, etc., counter 
impulses (counts). The circuit “remembers” counts 
totaling less than one scaler and indicates their number 
by small neon interpolating lights. All pulse amplifying 
circuits operate on 110 volts a. c. and contain a built-in 
voltage supply to actuate the register, which may be 





TABLE 1 
Equipment for Experiments in Nuclear Chemistry 





A. Necessary Equipment 


1. Five milligram Ra-Be neutron source....... ($180) 
2. Thin-wall Geiger counter (two)............ ($10-30 ea.) 
3. One of these items (see text) 
(a) Pulse amplifying circuit, nonscaling, 
with or without rate meter QRALOT Pa ($60-90) 
(b) Pulse amplifying circuit, nonscaling, 
WIG MOM. oe eyes ck bv oe a The-wlois ($250) 
(c) Pulse amplifying circuit, scale-of-8..... ($350) 
(d) Pulse amplifying circuit, scale-of-64.... ($400) 
4, Count register (if not included in 3)........ ($30) 
5. Self-starting electric clock, with sweep second 
11 Da See bgiabalats eiionk ain e's ($5-30) 
B. Optional Equipment 
6. \Gelmer tube enett os os bess cee oe ($30) 
7. Lead shield for tube and mount............ ($200) 
8. Aluminum and lead absorbers, set.......... ($50) 
9. Prepared Ra-D or Co® sources............ ($10) 
10. Constant voltage transformer.............. ($50) 





built-in or plug-in. Such circuits usually provide an 
outlet for the electric timer which is synchronized with 
the count on-off switch. 

For general-purpose counting a Geiger tube of the 
thin glass-wall type is inexpensive and satisfactory. 
Of the commonly used radioisotopes only hydrogen-3, 
carbon-14, and sulfur-35 emit betas too weak for detec- 
tion by this type of counter. It is advisable to keep a 
spare tube on hand since, besides being somewhat 
fragile, these tubes have a life expectancy of about 10° 
counts. The counter should be held in a rigid mount 
with provision for insertion of samples at fixed positions 
as shown in Figure 1. This mount may be purchased 


(see Table 1B) or constructed from common materials 
310 
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such as wood or plastic. 
Although it is possible to re- 
duce counter background 
from about 50 to about 30 
counts per minute (c. p. m.) 
by the use of a lead shield, 
this is not necessary since 
the only effect of the in- 
creased background result- 
ing from the use of an un- 
shielded tube will be a some- 
what greater statistical error 
in the count rate (see be- 
low). The counter assembly 
should, however, be housed 
in a small cabinet to pro- 
tect the tube and to exclude 
dust and light (see Figure 
1). 

A set of absorbers of 
thicknesses ranging from 
about ten to several hundred 
milligrams per square centi- 
meter may be purchased or 
constructed from material 
of low atomic number such 
as aluminum, wood, paper, 
or mica. The set should be 
fabricated in sizes and 
shapes which are readily 
inserted into the shelves of the Geiger tube holder. 
The standard size tube holder will accommodate 2!/:-in. 
X 3-in. absorbers. 

Radioactive sources of various types and intensities 
may be purchased or prepared by the instructor. In the 
latter case, one spent radon seed will furnish a generous 
supply of the 22-year RaD-E mixture. The radon tube is 
crushed and digested several hours in a few cubic centi- 
meters of dilute nitric acid (3). Since an average seed 
will yield an activity of about 10¢ disintegrations per 
minute, a few drops of the solution evaporated on a 
suitable backing will yield a source of adequate activity. 
It is necessary to exercise considerable care in the 
preparation of such samples and to cover the samples 
with some thin but durable material such as cellophane, 
collodion, or label varnish to prevent contamination of 
the laboratory with this long-lived material. For the 
same reason, it is not advisable to permit beginning 
students to handle any form of RaD-E except the pre- 
pared and protected samples. 

The holder for the neutron source and samples to be 
activated is readily constructed in several ways, as 
shown in Figure 2. A plastic base with a central hole 
for the source is grooved to take the plastic sample 
holder. Indium foils about one inch in diameter and 
weighing about 250 milligrams may be held in position 
by an adhesive tape and cellophane. The whole as- 
sembly, samples, source, and holder, is immetsed in 
water, which serves as a neutron moderator. An 
equivalent arrangement can be made using a paraffin 
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Figure 1. Apparatus for Activity Determinations 


A, Geiger tube and mount; B, wood housing; C, pulse amplifying and scaling circuit; D, mechanical count 
register; HZ, timing clock; F, aluminum absorbers. 


block with appropriate holes for source and samples (see 
Figure 2). 


PROCEDURES 


Geiger Tube Characteristics. Connect the Geiger tube 
to the high-voltage supply of the scaling circuit, attach- 
ing the positive side to the central wire and the nega- 
tive side (grounded) to the outer cylinder. With the 
voltage control set to its minimum value turn on the 
electronic circuit and set the count switch to “‘on.””! 

Place an active sample (a luminous-dial watch will 
serve) within a few inches of the Geiger tube and in- 
crease the applied voltage slowly until impulses begin 
to count. This voltage (the starting potential) should be 
recorded. The count switch should be turned on when- 
ever increasing voltage or introducing a sample. If ex- 
cessive count rates are observed (> 25,000 c.p.m.) lower 
the voltage or remove the sample immediately to avoid 
damage to the Geiger tube. Increase the applied volt- 
age by 50 volts and measure the count rate over a period 
long enough to collect at least 5000 counts. Determine 
the count rate at 50-volt intervals over a 300-volt range 
or until the count rate increases as much as 10 per cent 
between voltage settings. Express the data graphically 
as count rate vs. applied voltage( see Figure 3). The 
more or less flat portion of this curve is known as the 
plateau. All subsequent counting with a tube should be 





1 Manufacturers supply explicit operating instructions for 
each particular pulse amplifying circuit. 
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performed at one voltage near the middle of this region; 
the voltage so chosen becomes the operating voltage of 
the tube. 

Use a prepared RaD-E standard? in one of the fixed 
positions (shelves) and collect at least 5000 counts. 
Record this count rate and redetermine it frequently 
during the course of these experiments in order to de- 
tect and correct for any variations in counter efficiency. 

It is very important for the student to demonstrate to 
his own satisfaction the reality of statistical fluctuations 
in count rate. For this purpose choose a sample of low 
activity (~100 c. p. m.) and collect at least ten one- 
minute counts. Compute the mean;count rate r, the 
deviations d of each observation, the standard deviation 
of an individual observation o*, and the standard de- 
viation of the mean o. It is common practice to collect 
a single long count rather than several short counts (de- 
cay measurements excepted) and to use the approximate 


formula ¢ = total counts. 
The count rate when N counts are collected in time t 





2 For reasons of convenience the activity of the standard 
source should be such as to yield approximately 10,000 c. p. m. 
One-minute counts will then be reliable within about one per cent. 

3 For n observations, 


Sa Isa 


c= on = V- 
we “ Viz 


and the standard deviation is related to other precision measures 
by: probable error = 0.67450 ~ 0.845 average deviation. See 
reference (4) for further discussion of errors. 


Inch Scale 





Figure 2. Arrangement for Neutron Activation of Indium 


A, source and foil holder (to be immersed in water); B, paraffin block; C, lead storage container for source. 
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will be given by 
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In all subsequent determinations be sure to record the 
total number of counts collected as well as the count 
rate. Supposed differences in count rates should be ex- 
amined critically to test the reliability of the difference 
(see also below). Typical data illustrating statistical 
fluctuations are given in Table 2. 














TABLE 2 
Statistical Fluctuations in Count Rate 
Counts in 
one minute d d? 
127 +24 576 
101 —2 4 
81 —22 484 
104 +1 1 
99 A 16 
81 —22 484 
105 +2 2 
103 0 0 
112 +9 81 
120 +17 289 
Total 1033 103 1937 
Average 103 ¢. p. m. +10 194 
o = 14 On = 4.4 


o =~ V103 = 10 om ~ V 1033/10 = 3.2 





Determine background count rate by removing all 
active samples from the 
vicinity of the counter, 
shield it from light, and col- 
lect enough counts to give 
five per cent standard devia- 
tion. Since Geiger tubes 
are often photosensitive (7. 
e., light is capable of pro- 
ducing photoelectrons within 
the tube) the background 
should be redetermined with 
the tube exposed to normal 
room light. If the count 
should increase significantly 
it will be necessary to ex- 
clude light during all count- 
ing. The tube may be 
painted black if theincreased 
wall thickness is not objec- 
tionable. The background 
count rate must be deducted 
from all other activity meas- 
urements. 

The dead time of the Geiger 
tube and the correspond- 
ing counting losses may be 
determined by using twospe- 
cially prepared samples of 
small size and high activity. 














Ch 


pla’ 
Th 
cou 
whi 
dur 
do1 
Cor 


appl 
the 1 
A 
stan 
geom 
Ri, . 
ome' 
disin 
coun 
Us 
some 
scatte 
posit 
in ba 
per, 
effect 


De 
tions 
positi 
appre 
termi 
sorbe: 
and d 
and F 
to ele 





th 


ye 
acl 


te 





JUNE, 1949 


Choosing a shelf on which the samples yield about 10,000 
c. p.m., count them as follows. Using a card or metal 
plate for support, count sample A for several minutes. 
Then, without disturbing sample A, insert sample B and 
count again. Remove sample A without disturbing B, 
which may now be counted alone. Repeat this proce- 
dure with the two samples in some other position, but 
do not use a combined rate of more than 25,000 c. p. m. 
Compute the dead time by the relation 


_ Ma + Np — Nas 

















2nanp 
TABLE 3 
Estimation of Dead Time Loss 
r Trial 1 Trial 2 
Rate A 9,728 + 100 c./m. 6,464 + 80 ¢./m. 
Rate B 11,008 + 100 9,728 = 100 
Sum 20,736 + 140 c./m. 16,192 + 127 c./m. 
RateA +B 20,0382 + 140 15,808 + 126 








Loss 04 + 200 c./m. * 384 + 176 c./m. 


7 
7 = 3.3 + 0.9 X 10-$ min. + = 3.1 + 1.4 X 10-¢ min. 





applying error treatment to estimate the reliability of 
the result. Typical data are given in Table 3. 

Activity Determinations. Count a single RaD-E 
standard on each of the shelves. Calculate the relative 
geometry of each position. When the count rates are 
R,, Re... in positions 1, 2,... the corresponding ge- 
ometries g will be g,:ge:... = Ri: Re:... If the absolute 
disintegration rate of the sample is known, the over-all 
counting efficiency in each position may be calculated. 

Use a specially prepared RaD-E sample mounted on 
some very light support to determine the effect of 
scattering. Count this sample in exactly the same 
position several times, but each time place immediately 
in back of it different materials, such as aluminum, cop- 
per, and lead. Table 4 gives typical data for this 
effect. 











TABLE 4 
Scattering Effect 
Material 
behind sample Count rate, c./m. Ratio to air 
Air CSS te BP 6s). Ais 
Al 6755 = 82 1:034 = 0.018 
Cu 6819 + 83 1.044 = 0.018 
Pb 7609 + 87 1.165 + 0.019 





Determine the absorption curve for RaE beta radia- 
tions as follows: with a rather active sample in a fixed 
position add absorbers of known value in a position 
approximately midway between sample and tube, de- 
termining the count rate for each value of added ab- 
sorber. Plot log count rate (corrected for background 
and dead time loss) against added absorber (see Table 5 
and Figure 4). Since absorption of beta particles is due 
to electron-electron collisions, the amount of absorber 
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TABLE 5 
Absorption of RaE Beta Radiations 
Added absorber, Observed count Corrected count 
mg./cm.? rate, c./m. rate, c./m. 
0 19,100 20,320 
25 13,680 14,270 
57 8,720 8,940 
90 4,820 4,870 
123 3,080 3,080 
163 1,620 1,600 
200 850 820 
265 270 240 
335 82 52 
1000* 30 Pas 
* See text. 
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may be expressed in terms of weight per unit cross 
section (mg./cm.’) since the mass density is roughly pro- 
portional to the electron density. The equivalent ab- 
sorption of the sample itself, the air between the sample 
and counter, and the window of the tube‘ must be con- 
sidered in extrapolating to zero absorber. Absorption 
curves for other activities may also be measured at this 
point. 

Neutron Activation. One-inch circles of indium metal 
foil weighing approximately 275 mg. are to be activated 
by exposure to slow neutrons produced by the 5 mg. 
Ra-Be source and moderated by water or paraffin (see 
Figure 2). The source and samples are held in predeter- 
mined positions by such an arrangement as shown in 
Figure 2. All samples should be equidistant from the 
source at a distance of about three centimeters. 

Always handle the neutron source with tongs and 
keep all personnel exposures at a minimum. Although 
the hazard associated with the use of this small source is 
very slight, the student and instructor are urged to 
adopt a respectful attitude toward activity hazards 
from the very beginning, and to regard such considera- 
tions as an essential part of the training program. 

Mount four weighed samples of indium foil on the 
holders with cellophane and Scotch tape. Immerse the 
holder and samples in water (four-liter beaker) and tien 
insert the neutron source, noting the time. Remove 
samples after 30-, 60-, and 90-minute activations. One 
sample may be left overnight for activation to satura- 
tion. 

Each sample is mounted in a reproducible fashion for 
counting. Counting should begin and end at uniform 
times (e. g., 5 and 15 min.) after end of bombardment, 
in order to insure a constant correction for radioactive 
decay. Plot the logarithm of the observed activity as a 





‘This information is furnished by manufacturers of Geiger 
tubes. 
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function of time (see Figure 5). Determine the half-life 
of the active species by graphical analysis of these data. 

Further activation experiments may be conducted to 
determine the slow neutron flux as a function of distance 
from the source, the effect of moderator, and the rela- 
tive activation of other materials such as gold. 


DISCUSSION 


It.is probably correct to state that no modern instru- 
mental operation is simpler, mechanically, than ordi- 
nary counting of radioactive samples and a group 
demonstration of the operation of counter and amplifier 
will ordinarily supply sufficient instruction for the 
student. Since a student’s first use of counter equip- 
ment will normally consist of measuring the plateau he 
should plot count rate-voltage data as they are ob- 
tained and present this graph to the instructor before 
proceeding. It is important for the student to under- 
stand that the voltage must not be increased appreciably 
beyond the plateau since the tube may go into con- 
tinuous discharge; this will shorten the life of the tube 
and may change its characteristics. 

All radioactive samples, both standard and unknown, 
should be labeled and mounted with reproducible 
geometry. Thin pasteboard cards 21/2 in. X 31/4 in. 
will fit standard tube mounts and are quite satisfactory 
for small amounts of solid samples. Active samples 
must be mounted on the cards with identical geometry 
in order to obtain valid comparative count rates. When 
a single activity is measured repeatedly (e. g., standard 
source, growth, and decay measurements) it is usually 
essential to obtain optimum reproducibility and it is 
necessary to mark the card to ensure its replacement on 
the shelf with the same orientation. 

Large, short-term variations (five per cent) in stand- 
ard rate or background should not be observed ordi- 
narily. On occasion, however, local conditions may 
cause moderate or even very large deviations. This 
difficulty arises from the fact that any pulse of approxi- 
mately 0.25 volt which is fed into the pulse amplifier 
will appear as a count; when the count does not arise 
from activity being measured or from normal back- 
ground it is called a spurious count. Spurious counts 
may be caused by a loose connection between the 
coaxial cable and connectors or by other electrical 
equipment; nearby equipment is more suspect than re- 
mote equipment. Tesla coil leak testers are almost in- 
variably troublesome. Constant voltage transformers 
are commonly used to help eliminate line-propagated 
interference. When spurious counts arrive at a rate of 
several hundred counts per minute they are immediately 
recognizable from the increased count rate and the 
counting can be repeated under satisfactory conditions. 
There is, however, a possibility of obtaining inaccurate 
results when the spurious count rate is fairly low. The 
only practical way to detect such errors is to measure 
background frequently. The lowest reproducible back- 
ground is normal. 

The counting efficiency of a Geiger tube is subject to 
moderate but unpredictable variations. Changes in 
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temperature account for part of the effect, which is not 
fully understood but can be allowed for, according to 
present practice, by counting a standard source just be- 
fore or after counting the unknown sample. For two 
observed sample count rates 71, and rz and associated 
standard rates R,, Re the adjusted ratio becomes 
(r:/72)/(Ri/Re). The experiments on statistical fluctua- 
tions, where a relatively small number of events is ob- 
served, should illustrate the necessity for critical ex- 
amination of the reliability of any supposed differences 
in activity between sample and background or between 
sample and sample. The standard deviation o12 of the 
sum or difference of two count rates, with associated 
standard deviations 0}, o2 is given by 


a2 = Voi? + a2? 


If a difference just exceeds the standard deviation 
there is a 30 per cent chance that it is not real; if it ex- 
ceeds twice the standard deviation, the probability 
narrows to ten per cent. A fairly conservative but 
quite arbitrary rule is that if a difference exceeds 30 the 
reality of the difference is statistically reliable. 

Experiments on geometry and scattering effects illus- 
trate the importance of reproducible mounting of sam- 
ples which are to be compared. Absorption of radiation 
by matter between source and counter must also be con- 
sidered; this should include the sample itself (self 
absorption), its protective covering, air, and the counter 
wall or window. The absorption curve shown in Figure 
4 will serve to illustrate the magnitude of this effect in a 
typical case, RaE. The absorption characteristics of 
two other nucleides, Br® and Br* are offered for com- 
parison, showing that penetration increases with in- 
creasing beta energy, while the absorption remains 
roughly exponential. The absorption curve for pure 
beta radiation is obtained by applying appropriate cor- 
rections to the observed count rate with various added 
absorbers, as shown in Table 5. The background ob- 
served with about 1000 mg./cm.? added absorber is due 
in part toa small amount of gamma radiation emitted by 
samples of this type, but its absorption coefficient is so 
small that it may be considered a constant contribution 
to the total count rate in the region of 0 to 500 mg./cm.? 

The neutron source should be used only in a room 
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well shielded from the Geiger counter. The inverse 
square law provides the cheapest shielding but a sub- 
stantial brick wall helps considerably. The choice of 
three centimeters as the optimum moderator thickness 
for activation of these samples (e. g., metal foils) is 
based upon experimental test. Such an experiment can 
easily be improvised. Although the total neutron flux 
follows the inverse square law the ratio of slow to fast 
neutrons increases with increasing thickness of modera- 
tor until all neutrons reach the temperature of the 
moderator. Since neutron capture cross section varies 
inversely as neutron velocity there is a maximum in the 
capture rate as a function of radial distance from the 
source. 

Data for indium activation should all be collected in a 
fixed manner. Size and shape of samples, orientation 
with respect to counter and source, counting time and 
its relation to bombardment time must all be constant. 
For such conditions the observed count rates (corrected 
for background) will be in constant proportion to the 
activity induced. The decay constant may be estimated 
from the count rate data without evaluating either this 
proportionality constant or the slow neutron flux. It is 
possible to determine the slow neutron flux from the 
known capture cross section of indium (157(10)—*4 cm.?) 
and an estimated counting efficiency based upon ab- 
sorption and geometry measurements. 


We thank Mr. Robert E. Cleary for his help in testing 
the experimental procedures. 
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SUMMER LABORATORY COURSES 


From June 6 to July 29 The Institute of Polymer Research and the Division of Applied Physics of the Polytechnic Institute of 
Brooklyn will offer their Sixth Annual Series of Summer Laboratory courses. 
These will include courses in Industrial Application of X-Ray Diffraction, Advanced X-Ray Diffraction, Molecular Weight De- 


termination of Polymers, and Polymerization Techniques. 


For further information address Professor I. Fankuchen, Polytechnic Institute of Brooklyn, 85 Livingston Street, Brooklyn, 


New York. 





* THE TECHNICAL ASSISTANT IN THE 
UNIVERSITY LABORATORY 


Dunne the recent growth in college enrollments the 
teaching staffs of chemistry departments have found it 
increasingly difficult to perform the duties of laboratory 
maintenance and supply. Consequently, several uni- 
versities have added to their staff one or more technical 
assistants. Since this is a relatively new appointment 
it may interest the reader to know what kind of service 
such a person can provide for the teaching staff. 

Several years:ago the writer joined the analytical di- 
vision of the Department of Chemistry of The Ohio 
State University as a Technical Assistant. When the 
duties of the position were first outlined it seemed un- 
likely that one with only limited technical knowledge 
and skill could have filled the position satisfactorily. 
Any success that has been attained is due probably to a 
liberal interpretation of the title “Technical Assistant,”’ 
for many of the duties are clerical and administrative as 
well as technical. It would be ideal if each institution 
could find available as technical assistant a person who 
could excel in technical “know how’”’ and still be a su- 
perior administrator, a personnel wizard, and a depend- 
able analyst. Such a species is not only rare, but the 
usual financial allowance for such services would never 
attract one who had all of these qualifications. 

The general purpose of the technical assistant is to 
relieve the teaching staff of as many of the routine tasks 
as possible which are not directly connected with teach- 
ing. In the division of analytical chemistry to which 
the writer is attached there are five principal areas of 
activity for the technical assistant: (a) the care and 
maintenance of the physical equipment of the labo- 
ratory, (b) the provision of samples in suitable form for 
student analysis, (c) the routine grading of reports of 
student analyses, (d) the maintenance of complete rec- 
ords of laboratory and quiz grades, (e) the liaison with 
the storeroom and other sources of supply. 

It is interesting to note the nature of some of the 
operations which are performed in the five areas of ac- 
tivity. The following outline applies to a situation in 
which the storeroom has no responsibility for the care of 
the laboratory and its equipment. It also assumes that 
in large courses part-time student labor will be available 
for many of the individual chores. If the course is small 
the technical assistant may, of course, do much of the 
actual work himself. 


(1) Plan and supervise the assignment of lockers at 
the beginning of the term. 

(2) Provide and maintain stocks of special side 
shelf reagents. 


CHARLES E. SIMPSON 
The Ohio State University, Columbus, Ohio 


(3) Provide and maintain the special equipment of 
the laboratory such as balances, weights, 
calibration pipets, Kjeldahl digesters and 
stills, electrolytic and pH equipment, and 
ovens. 

(4) Maintain a supply of samples in the laboratory 
for student analysis. 

(5) Daily collection, grading, and filing of student 
reports of analyses of unknowns. The tech- 
nical assistant can easily do such grading if a 
definite grading system has been organized. 

(6) Daily maintenance of records of individual stu- 
dent’s work in laboratory and in examina- 
tions. 

(7) Supervise the preparation of stock samples and 
arrange for their analysis. This work is 
usually done by some member of the Junior 
staff with the cooperation of the technical 
assistant. 

(8) Supervise the preparation and storage of indi- 
vidual student samples and the proper re- 
cording of sample and stock numbers. This 
work also involves the preliminary cleaning 
and drying of the individual sample bottles. 

(9) Prepare with the help of a professor a grading 
scale for new stocks. 


(10) Plan and supervise the cleaning and repair of 
the laboratories and special equipment be- 
tween terms. 

(11) Maintenance of staff of part-time student 


helpers; scheduling of their time and plan- 
ning their individual assignments of work; 
monthly working out of time sheets and gen- 
eral supervising of personnel according to 
university regulations. 


One duty not readily apparent in the above outline is 
the purchasing of large quantities of supplies from the 
storeroom. These supplies are charged to the student 
on a pro-rata basis from a storeroom as described in a 
recent article! and are made available to him in rela- 
tively small quantities on the side shelf. This plan 
makes it unnecessary for the student to travel fre- 
quently to the storeroom and stand in line and it also 
provides the materials to him at noticeably less cost. 
Part-time student help is used in the daily servicing and 
replenishing of these supplies. 

Of direct significance to the student is the availability 
of special equipment in good working order when the 


1 MacNevin, W. M., J. Cuem. Epuc., 25, 589 (1948). 
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student wants it. Equipment is not continued in use 
until it completely breaks down and requires major re- 
pairs; replacement units are kept ready for use and de- 
fective pieces are removed at the first sign of trouble. 
By assigning special equipment to students according 
to a prearranged schedule the technical assistant is able 
to insure its maximum use, and an inspection of it on its 
return also assists in maintaining the equipment in good 
condition. 

That the services of the technical assistant are valu- 
able to the teaching staff is without question. Whena 
professor goes into the student laboratory he has some 
hope of being able to spend some time on the students’ 
problems rather than being a plumber, electrician, etc. 

Economically, the technical assistant is a sound ap- 
pointment. A careful estimate made by the teaching 
staff indicates that at least one more professorial mem- 
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ber at a higher salary would be needed on the staff if the 
duties of the technical assistant were left to the teaching 
staff to perform. 

In conclusion, the writer believes that the increase in 
the number of students in chemistry courses has made 
necessary the recognition of the need for provisions for 
the employing of technical assistants who could, through 
higher qualifications in administrative ability and labo- 
ratory operation experience, serve as a useful comple- 
ment to the teaching staff. There are qualified persons 
available and an attractive rate of pay can be justified 
by the increase in the morale of the laboratory, the 
return to the teaching staff of time for research and writ- 
ing, and the rendering of better service to the student. 

I should like to acknowledge the help of Professor 
W. M. MacNevin at whose suggestion this paper was 
written. 
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A DEMONSTRATION OF THE CONDUCTIVITIES OF DILUTE AND 


CONCENTRATED SULFURIC ACIDS 


Conpuctivity experiments and demonstrations are 
an integral part of most courses in general chemistry. 
The apparatus usually employed is well adapted to 
slightly ionized liquids and solutions, but it is not so 
satisfactory when more highly ionized solutions are 
studied. 

The following apparatus was designed to demonstrate 
the difference in the electric conductivity of dilute and 
concentrated sulfuric acids. Two 100-watt light bulbs 
were wired in parallel so their brightness could be 
readily compared. Each light was connected in series 
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with two immersion copper electrodes. It was learned 
by experimentation that concentrated sulfuric acid 
causes the bulb to glow very brightly if the electrodes 
are less than about 4.5 cm. apart, but that beyond this 
distance the light is progressively dimmer. Dilute sul- 
furic acid, 3 M, on the other hand, shows no decreases 
in brightness to a distance of 14cm. In order to obtain 
the necessary spread of the electrodes, 5-in. Petri dishes 
were substituted for the beakers, and with the elec- 
trodes about four inches apart, the difference in the 
brightness of the two lights was clearly seen. 





€ INDUSTRIAL QUALITATIVE ANALYSIS 


Tue pedagogic value of qualitative analytical courses, 
both inorganic and organic, has been defended and de- 
preciated. Among the adverse criticisms is that in in- 
dustry and postgraduate work there is little use for in- 
organic qualitative analysis or any skills developed 
therein. Without commenting on the utility of quali- 
tative analysis as a teaching tool for fixing descriptive 
matter previously presented or on its other possible ad- 
vantages, certain comments on industrial qualitative 
analysis are here offered. 

Many of the qualitative tests learned by students are 
in constant use in industry as routine control tests, often 
performed by employees with little training—the hy- 
drogen-sulfide test for traces of heavy metal ions in 
pharmaceutical products, nephelometric determination 
of traces of sulfate or chloride, and the like—but these 
are not industrial qualitative analysis. The latter is 
the identification of the constituents of unknown mix- 
tures and though only a small fraction of the chemists 
engage in it, it is often as important as it is interesting. 
The components of a commercial mixture may have to 
be identified in support of a patent infringement suit. 
A proprietary medicine may be analyzed as a step in a 
prosecution under the federal laws. A trademarked 
material may be analyzed for a client who plans to en- 
ter the business as a competitor or who wants to know 
why a new competitive article is eating into his sales. 
The average chemist (or chemistry teacher) has often 
been asked by a naive layman to “analyze this for me, 
so I can make it myself in my basement,’’ and often the 
layman’s ambitions have been shattered by the fee 
asked for what seems to him to be a simple though mys- 
terious job. But in industry, law, medicine, anthropol- 
ogy, and chemical research, qualitative analysis is often 
performed for serious and well-considered purposes that 
justify the difficulties of such analyses, difficulties not 
observed in the qualitative courses in colleges. 

The distinction between organic and inorganic is not 
nearly as sacred outside the classroom as it is in the 
school. Whereas “qualitative” in the curriculum usu- 
ally means inorganic qualitative and is taught with 
complete independence of organic chemistry, the indus- 
trial analyst must usually count on organic and inor- 
ganic compounds appearing together and must adjust 
his isolation methods to this possibility. In some highly 
competetive industries it is normal practice for the 
firms to mix organic and inorganic compounds inten- 
tionally to hamper analysis by employees of rival firms. 
Even where this is not intended, practical considera- 
tions may require a mixture difficult to separate and 
purify by orthodox methods. 


S. WEINER 
University of Minnesota, Duluth, Minnesota 


Most photographic developers are a mixture of so- 
dium sulfite (or bisulfite), a substituted phenol or para- 
formaldehyde, borax, sodium carbonate, and other 
salts. Colored smoke grenades may contain a mixture 
of lactose, potassium chlorate, and an anthraquinone 
dye. A mildew preventive may contain a copper salt 
of naphthenic or fatty acid in a hydrocarbon solvent; 
the decomposition of the metal salt may be a prerequi- 
site to beginning the identification of either. A rust 
solvent may be a mixture of water, denaturated alcohol, 
phosphoric acid, alum, lactic acid, and a sodium alky] 
sulfonate. A soldering flux may contain zinc chloride, 
ethanolamine, isopropanol, and ammonium chloride. 

Moreover, many of the components are indefinite ma- 
terials, not even discussed in classes. The organic 
qualitative “unknowns” usually do not include stod- 
dard solvent, the skellysolves, the industrial denatured 
alcohols (e. g., ‘‘shellacol’’), or the other mixtures used 
so largely in industry. The medium-molecular-weight 
polymers, waxes, proteins, natural oils and essences, 
dextrins and sirups are among the other popular ingre- 
dients that can “foul up” an analysis aimed at separat- 
ing individual compounds from the mixture. Where the 
indefinite material is merely a solvent for a single com- 
pound chemically different in properties the separation 
is comparatively easy, but in any complex mixture 
where two or more indefinite ingredients overlap in both 
physical and chemical properties the quantitative sepa- 
ratiod may be impossible and the identification may 
have to depend on color, odor, turbidity, viscosity, 
knowledge of the past practices of the trade, and the 
price charged for the final article! Where adequate 
analytical methods exist for such mixtures they usually 
were developed empirically and are described only in 
specialists’ handbooks; valuable time may be lost in 
following the methods recommendable for simple or- 
ganic mixtures. 

For example, subjection of a popular industrial 
“antiseptic”? mixture to orthodox organic qualitative 
analysis showed it to consist of chloroform to the extent 
of 97 per cent. The remainder was a viscous oil of in- 
definite composition and varying volatility, difficult to 
characterize. Fortunately, its marked odor had imme- 
diately exposed it as camphorwood oil and it was not 
necessary to embark on a tedious attempt at separation 
of constituents. A few physical tests soon confirmed its 
identity. 

In classes in qualitative analysis it is more important 
to find the major constituent than the minor. In indus- 
try the analysis of a product may give no useful infor- 
mation to the client if the analyst overlooks ingredients 
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that may be vital to the success or popularity of the 
product but present to only a very small extent. One 
tenth of one per cent of an acid-stable wetting agent in 
a metal-pickling mixture may be the “something new” 
that has been added to secure a speed of descaling and 
rust removal not achieved by other pickling mixtures. 
High shelf-life of a dairy product may be due to 0.01% 
of a powerful enzyme inhibiting oxidation. Small 
amounts of anti-oxidants, anti-enzymes, dispersing 
agents, or sequestrants may be the most important in- 
gredients from the client’s viewpoint but may be missed 
completely unless the analyst suspects their presence 
and aims to prove or disprove his suspicion. Should he 
find indications of such small ingredients, and feel sure 
they are not impurities due to the use of commercial 
grades, his knowledge of the usual properties of the ex- 
pected auxiliary and of the analytical techniques in the 
industry will point out to him the separation and iden- 
tification methods best for this case. 

In some cases an impurity may be sought as a clue to 
the source of the main ingredient. Commercial and 
government analytical methods are often designed to 
this end. A chance case is the following. A material 
popular in the beverage industry was found to contain 
K+, NH4*, SO;=, SO.-, an enzyme, a carbohydrate, and 
a minute amount of brown slime. The inorganic con- 
stituents were shown to be potassium metabisulfite 
with the ammonium sulfate present as a chance impur- 
ity. Except for the very small brown slime, all sub- 
stances were water-soluble and ether-insoluble. The 
chemist believed from his past experience that the car- 
bohydrate was dextrose, but a qualitative test gave a 
positive though weak indication of pentoses or levulose. 
Feeling sure this was in error, he proceeded to separate 
the carbohydrate from its companion ingredients with 
an extraction solvent adapted for dextrose arfd found it 
to be indeed dextrose. The isolated sugar, of course, 
gave no test for levulose. The client was dissatisfied 
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with the qualitative and quantitative data that was 
finally given him; he wanted to know also the source of 
the enzyme. The chemist, recalling the weak indication 
of “levulose,” suggested the source was vegetable and 
specifically named a tropical plant from whose stems a 
latex is expressed that is a commercial source of this 
enzyme; he believed that traces of plant fiber contain- 
ing pentosans had accompanied the enzyme and had 
caused the false test for “levulose.’’ An associate gave 
reasons for believing the enzyme to be of animal origin. 
Examination under the microscope revealed the square 
cells of cork fragments and the ladder-like threads of 
stem fibers. These fibers composed the insoluble slime. 

The problems met with in industrial qualitative analy- 
sis are so different from those presented to students 
in either organic or inorganic qualitative analysis that 
the latter two courses have only slight practical value 
for nonacademic work. This leaves as the objective of 
the qualitative courses the inculcation of physicochemi- 
cal principles, techniques of separation and purification, 
properties of the elements and the important ions, and 
characteristic reactions of organic functional groups. 
Should a student of inorganic qualitative ignore the 
physical principles, e. g., the ion-product-constant rule, 
as “merely theory” it can be pointed out to him that 
this principle will be useful to him in a later course, 
whereas the qualitative detection of an element will 
not be a likely problem in later years nor will it alone 
help greatly in the solution of such qualitative problems 
as may arise. The qualitative problems in industry re- 
quire a higher degree of versatility and flexibility. 

If the course is a teaching tool for the aims mentioned 
above, the difference between the approach taught in 
the course and that required in practical problems 
should be pointed. This should be done either very 
early in the course to prevent neglecting the “theory” or 
at its very end to remove any complacent feeling that 
‘now I can analyze and solve practical problems.” 





* NONLEAKING STOPCOCK 


JOHN R. LONG 
Kent State University, 
Kent, Ohio 


Srorcocxs on separatory funnels and burets often leak because of accidental 
displacement of the plug. This type of leakage is prevented by replacing the pro- 
tector ring with a '/s in. to !/, in. length of rubber tubing. The rubber tubing which 
fits the plug firmly is pushed over the end of the plug so that it fits tightly against 
the barrel of the stopcock. If rubber tubing of the proper size is not available, a 
rubber ring may be cut with a cork borer from a section of a rubber stopper. 





& THE MOTIVATION OF STUDENTS IN THE 
TEACHING OF QUANTITATIVE ANALYSIS 


Every teacher knows that in his own work and in 
the work of his students intense interest contributes 
greatly to high efficiency. Enthusiasm for the job is a 
close relative of determination and aids materially 
in the final accomplishment. For the present purpose 
motivation may be defined as any means which are 
ethically utilized to provide the right incentive for the 
student to make the best possible use of his time. 

Training in quantitative analysis is usually required 
for students of chemistry, chemical engineering, metal- 
lurgy, pharmacy, and agriculture, recommended or 
required for premedical students, students of home 
economics, and some others. In a heterogeneous group 
of this sort, one occasionally encounters the student who 
is interested in nothing more than the satisfaction of 
the minimum requirement, who sincerely believes per- 
haps that the study of quantitative analysis is not 
germane to his later success. Even such a student can 
be persuaded that ‘whatever is worth doing at all is 
worth doing well” and so be led to pursue the course 
more vigorously as long as it is required in his case. 
Proper motivation, however, can and often does ac- 
complish a seemingly impossible change of attitude and 
lead to a gratifying final result. 

The question whether all chemists should elect 
quantitative analysis need scarcely be debated. Due 
to premature interest in narrow specialization even 
the chemistry major may fail to realize that the final 
solution of many of his future problems lies in the proper 
integration of information from cognate fields. How 
greatly would the analytical chemist be handicapped 
without the primary standards, delicate indicators, and 
selective reagents supplied by his colleagues in organic 
chemistry! At times, indeed, he is forced to borrow 
a technique developed originally in this same field. 
On the other hand, the organic research chemist at the 
end of a brilliant synthesis compares the theoretical 
composition with the actual ultimate analysis. Mixed 
products of the organic chemical industry often present 
intricate analytical problems which the’ analytical 
chemist is specially qualified to solve. 

The analytical chemist and the physical chemist are 
likwise mutually indebted. Even in his so-called purely 
chemical methods the analytical chemist applies a 
physicochemical principle at every turn. Many of the 
properties measured and studied by the physical chem- 
ist are functions of the concentration and so are often 
utilized by the analytical chemist in the measurement 
of concentration and the determination of the total 
amount of the constituent. Physical and physico- 
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chemical instruments are utilized by the analytical 
chemist in great variety. On the other hand, the 
physical chemist often follows the course of a chemical 
reaction by a purely analytical method. In the study 
of chemical equilibria, the phase rule, and the speed 
of chemical reactions, quantitative analytical methods 
must often be skillfully applied. While the colloid 
chemist has contributed much to analytical chemistry 
he in turn secures valuable information in regard to 
surface reactions by refined methods of analysis. 
Likewise, the electrochemist who has contributed many 
excellent analytical methods uses still other analytical 
methods in his determination of normal electrode po- 
tentials, transport numbers, etc. 

The atomic physicist often requires the help of the 
analytical chemist but in turn furnishes the analytical 
chemist with valuable radioactive isotopes. The bio- 
chemist contributes as well as uses analytical methods 
while the geologist and the mineralogist would be 
among the first to acknowledge important applications 
of analytical chemistry in their fields. Enough has 
been said to show that chemists in their various fields 
are dependent upon each other and upon other scien- 
tists to a large extent and that no advantage is gained 
by strict compartmentation of science. The under- 
graduate chemist must eventually realize this fact and 
so not treat his analytical chemistry as a subject 
altogether apart from the rest of chemistry and of 
science. Fortunately the interdependence of the vari- 
ous fields of chemistry becomes evident at an early 
stage in the chemist’s experience. He soon observes 
also that some of the most important modern research 
is conducted by individuals whose training is broad 
enough to bridge the gaps between separate fields of 
science. A similar view has been expressed by Kolt- 
hoff (7). 

The young chemical engineer is sometimes led to 
believe that he will never be expected to carry out chemi- 
cal analyses personally, that all the analyses which he 
will ever require will be done by others. He is doubt- 
less unaware of the fact that the type of hard-boiled 
executive who prefers to test the skill of the young 
engineer in the laboratory, possible even in the analyti- 
cal laboratory, is still alive and active. Moreover, in a 
small organization the young chemical engineer may 
find it distinctly advantageous to prove on occasion 
that the plant can be kept running because he is a good 
analytical trouble shooter. The chemical engineer, 
like the chemist, discovers as he progresses that the 
answers to many of his research problems are obtained 


320 








Jul 


in 
ana 
ofte 
ana 
met 
rect 
of r 
dust 
awa 
mar 
rela 
tion 
easil 
ate 
cher 
the 
his | 
whic 
whic 
ther 
enab 
cally 
conn 
Such 
able 
of du 
to tl 
Knig 
Th 
chem 
valus 
rigid, 
decid 
gist 
able 
The 
the n 
grapk 
cal pr 
comp 
quent 
positi 
alloy. 
Th 
the e 
pense 
tende 
poisor 
of ch 
intern 
priate 
and h 
& Zoo 
an ad 
under: 
full ax 
in the 
When 
medic: 
aid in 








= 


ri- 
ly 
es 
ch 
ad 


lt- 


ni- 
he 
bt 
led 
ng 
ti- 
1a 
ay 
ion 


od 


er, 
the 
ed 








JUNE, 1949 


in terms of thoroughgoing quantitative chemical 
analyses. In fact, a well-trained chemical engineer is 
often himself the author of an excellent method of 
analysis. It may be sufficient to observe that the 
methods of quantitative analysis are directly or indi- 
rectly involved in the evaluation of the great majority 
of raw materials and finished products of modern in- 
dustrial operations and even the young engineer is well 
aware of the fact that the success or failure of a chemical 
manufacturing enterprise may easily depend upon 
relatively small differences in the quality and composi- 
tion of raw materials or finished products, differences 
easily discernible by the young engineer with moder- 
ate training in analytical chemistry. The amateur 
chemical engineer can well afford to contemplate that 
the study of quantitative analysis is probably one of 
his best opportunities to study the conditions under 
which reactions go sensibly to completion, conditions 
which will doubtless eventually affect his yields and 
therefore his profits. Training in analytical chemistry 
enables the chemical engineer to interpret more criti- 
cally the chemical analyses necessarily carried out in 
connection with many chemical engineering processes. 
Such training may also help him to take a more depend- 
able view of many other important matters in his line 
of duty. The value of training in quantitative analysis 
to the chemical engineer has been well explained by 
Knight (6). 

The metallurgist is in much the same position as the 
chemical engineer. The products of his industries are 
valuable and the specifications as to composition often 
rigid, A careful chemical analysis must frequently 
decide an important question. The young metallur- 
gist will therefore appreciate the advantage of being 
able to carry out or supervise his own analytical work. 
The problems of metallurgical analysis are among 
the most intriguing as he will soon discover. Metallo- 
graphic studies which seek to explain the various physi- 
cal properties of alloys by the formation of intermetallic 
compounds, solid solutions, and eutectic mixtures, fre- 
quently involve a quantitative knowledge of the com- 
position preferably obtained by chemical analysis of the 
alloy. 

The young pharmacist is sometimes asked to ponder 
the embarrassment of the drug manufacturer or dis- 
penser who discovers too late that a preparation in- 
tended to cure disease or alleviate suffering actually 
poisoned the patient. When chemicals and mixtures 
of chemicals are being prescribed and dispensed for 
internal human consumption what can be more appro- 
priate than a knowledge of their composition and purity 
and how better can this information be secured than by 
a good chemical analysis? Only the pharmacist with 
an adequate background in analytical chemistry can 
understand the requirements of drug analysis or take 
full advantage of the detailed information contained 
in the Pharmacopoeia and the National Formulary. 
When the pharmaceutical chemist is asked to serve as a 
medical technologist or to act as a toxicologist or to 
aid in the enforcement of the pure food and drug act 
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his knowledge of analytical chemistry will often be his 
chief reliance. The value of analytical chemistry to 
the pharmacist is plainly stated by Jannke (4) while the 
debt of the chemist to the pharmacist is suitably ac- 
knowledged by Elving (2). The wise young pharmacist, 
therefore, knows that he can well afford to take his 
treining in quantitative analysis seriously. 

The student of agriculture soon realizes that modern 
advance in agricultural science has closely followed the 
application of chemical analysis to agricultural prob- 
lems. After the main constituents of plants and plant 
ash had been determined the essential constituents of 
good soil and of fertilizers became more evident. The 
analysis of soils is now considered sufficiently important 
so that in most areas all that the agriculturist need do 
is to submit a sample to the proper agency in order to 
secure valuable information. The thrifty farmer buys 
his fertilizer on the basis of chemical analysis. Re- 
cently plant ash has been scrutinized for essential minor 
or trace constituents so that fertilizers can be manu- 
factured according to more accurate specifications. 
When the chemical requirements of good stock and 
cattle feed became known it was a logical step to the 
sale of feed of guaranteed composition on the basis of 
chemical analysis. An inspection of the files of the 
Journal of the Association of Official Agricultural Chem- 
ists reveals the prominent part which the analytical 
chemist has played in the field of agricultural chemistry. 
The role of the analytical chemist in agricultural work 
is also explained by Halvorson (3). The value of quan- 
titative andlysis to the student of home economics is 
made evident by Johnson (5). Interest in obtaining 
information and some training along the line of quan- 
titative chemical analysis is therefore logical for the 
students of agriculture and of home economics. 

As previously intimated, quantitative analysis is not 
required for entrance by all medical schools. Neither 
is quantitative analysis absolutely necessary for success 
in the practice of medicine. However, the physician 
relies upon quantitative methods to some extent, the 
medical technician to a considerable extent, and the 
biological chemist usually regards quantitative analysis 
as a necessary part of his training while the medical 
research worker often dependsupon quantitative analyti- 
cal methods in the solution of his problems. Impor- 
tant observations in this connection have been made 
by Bergeim (1). Once he has elected quantitative 
analysis the premedical student should acquire as 
much careful technique as possible and discover for 
himself the application of quantitative methods to his 
medical problems. 

The student who takes a course in quantitative analy- 
sis as part of a liberal education will acquire many 
interesting and valuable techniques. He will, on at 
least a few occasions, it is hoped, experience the thrill 
of obtaining analytical results that agree closely or even 
precisely with the results obtained by experienced 
workers or required by theory. He will discover that a 
great variety of quantitative methods exist for the 
determination of the composition of an almost infinite 
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number of materials, that these methods utilize and 
often beautifully illustrate a very large number of 
scientific principles. He should derive real mental 
stimulation from such a course and experience an im- 
provement in his reasoning power and his power of 
analysis not entirely confined to things chemical. He 
will be better fitted for the pursuit of any of the several 
fields of scientific work previously mentioned and some 
others as well. If interested he will discover that by 
further advanced training including training in phys- 
icochemical or instrumental methods he can qualify 
for a position of analytical chemist, that this would 
often be a responsible position comparable with posi- 
tions held by other scientific and technical experts. 
If the individual has sufficient training in analytical 
chemistry and cognate subjects he will be in a position 
to make definite contributions to his chosen field. The 
personal satisfaction in doing such work will far out- 
weigh the financial reward but the renumeration will 
usually be commensurate with his training, ability, and 
effort. 

It is thus evident that many methods for motivating 


® THE STANDARDIZATION 


Tus paper is the description of a simple laboratory 
experiment for students in the first year course in col- 
lege chemistry. No originality is claimed for the ex- 
periment, but it does not seem to be well known. A 
survey of a number of the more commonly used manuals 
in general chemistry fails to disclose any experiment 
like this one, which the author has used in his own teach- 
ing with considerable success. 

For an elementary introduction to standard bases and 
acids, the usual laboratory manual directions are either 
(1) to prepare an acid solution of approximately known 
value by dilution of concentrated reagent of known 
value, and then use this approximate value as the 
“standard value” in a titration experiment against an 
unknown base; or (2) an acid (or base) is evaluated by 
titration against a “stock solution of known normality” 
taken from the reagent shelf. Students want to know 
how the “known normality” is ultimately determined. 

The standardization used in this method of the author 
is simple and direct. In brief, it consists in actually 
weighing the NaCl formed (after drying, of course) 
when a definite volume of unknown concentration 
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a student of quantitative analysis are available. Prob- 
ably the best method of all is the example of industry 
and accomplishment set by the teacher himself and the 
concern of the teacher for the student’s welfare. 
Since, for the most part, only the more obvious methods 
of interest motivation related to a single subject have 
been discussed, it is true that any of the methods men- 
tioned may prove ineffective in a given instance. How- 
ever, in many cases the methods mentioned will prove 
to be helpful. If successful, the over-all result is an 
increase in the efficiency of the educational effort both 
for the instructor and for the student. Striving for 
real improvement in this direction is a part of the duty 
of every teacher of quantitative analysis. 
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OF SODIUM HYDROXIDE SOLUTION 
A Laboratory Experiment in General Chemistry 


PHILIP R. FEHLANDT . 
College of Puget Sound, Tacoma, Washington 


NaOH is neutralized with HCl. The unknown base is 
prepared in large volume by the stockroom force and 
the student measures out approximately 20 ml. in a 
graduated cylinder. Whatever volume he takes, he esti- 
mates that volume to the tenth milliliter. Previous 
instruction has been given on: the importance of a clean 
glass surface, how to take a reading on a meniscus, and 
how to drain the graduate for a definite time period. 
The measured volume is emptied into a previously 
cleaned, dried, and weighed porcelain evaporating dish. 
Phenolphthalein indicator is added, and then HC] until 
the indicator color is discharged. The volume and con- 
centration of the acid used are immaterial, and no care 
need be taken to get exact neutralization, since any ex- 
cess of acid will boil off in the next step of evaporation. 
The evaporation must be done very carefully to avoid 
loss by spattering; gentle simmering is advised. Par- 
ticular care is needed when the residue becomes pasty, 
because local superheating and the consequent steam 
explosion can ruin the experiment. It is recommended 
that when the student thinks the residue is completely 
dry the heat be increased and the salt residue be thor- 
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oughly baked. After cooling and weighing, the salt 
formed is determined by difference. The student then 
calculates: (1) the number of mols of NaCl in this 
weight of residue, and from the equation he can see that 
this number is also the same as (2) the number of mols of 
NaOH in the original volume of base used; he then cal- 
culates (3) the number of mols of NaOH that would 
have been. in a whole liter of the unknown base. Even 
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the slowest student seems to grasp the idea that he has 
then determined the normality of the NaOH solution. 
It is not claimed that the method is a quantitative 
one, but nevertheless it is surprising how close a careful 
student can come. Perhaps the limiting factor in the 
precision that can be expected is the estimation of one 
part in 200 when reading the approximately 20-ml. 
volume of NaOH taken in the graduated cylinder. 


@ A SIMPLE KETENE GENERATOR’ 


To THe average chemistry student thermal decom- 
position seems to imply a highly specialized type of re- 
action which employs only complicated apparatus or an 
elaborate commercial process, not suitable for labora- 
tory operation, and which often results in tarry or 
gaseous products of unknown composition. We have 
found, however, that the pyrolysis of acetone to yield 
ketene and methane can be effected in a simple ap- 
paratus readily assembled in the laboratory. The 
amount of ketene so produced can be quantitatively 
measured and the reaction may be used forthe prepara- 
tion of pure organic compounds. 

A highly efficient ketene generator has been designed 





1 This work was aided by a grant from the U.S. Public Health 
Service. 


















































Fi ‘igure 1. Ketene Generator and Absorption Assembly 


S. C. WANG and F. W. SCHUELER 
The State University of Iowa, Iowa City, Iowa 


by Williams and Hurd (1). We have constructed an 
apparatus by following in principle all of the essential 
features described by them and yet simplifying the 
assembly through the use of ordinary glass equipment. 
Of particular interest is the pyrolysis tube which can be 
made by anyone with no more than a few hours’ 
training in glassblowing and at an expense of about 30 
cents for materials. The exceedingly low cost and the 
ease with which the apparatus may be constructed sug- 
gests its possible use for thermal decomposition reac- 
tions in elementary organic chemistry. 


APPARATUS 


The complete apparatus is illustrated in Figure 1. 
It consists essentially of a flask b in which acetone is 
vaporized, the pyrolysis tube c where acetone vapor is 
decomposed by use of a metallic filament, two conden- 
sers to separate the excess acetone from the ketene, a 
trap d for the removal of condensed liquid, and one or 
two reaction tubes e where ketene is allowed to react 
with aniline or some other liquid or solution. 

The pyrolysis tube is constructed out of a pyrex glass 
test tube about 25 mm. inside diameter and 20 cm. long. 
The pyrex test tube is narrowed at the open end and 
attached to a segment of pyrex tubing about 10 cm. 
long with an inside diameter of 10 to 12mm. For the 
heating element, No. 24 chromel A wire is used. The 
coil is made by winding 175 cm. of the wire tightly 
around a 6-mm. glass rod and is suspended by hooking 
to two leads made of double strands of the same wire 
twisted together. The upper lead is sealed into a small- 
bore glass tube which is then sealed into the pyrex test 
tube about 3 cm. from the closed end of the latter. 
The lower lead is similarly sealed at a position about 12 
cm. below the upper lead. Finally, a T-tube is sealed 
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into the chamber about 4 cm. below and on the opposite 
side from the top lead. After all glass manipulation is 
completed the filament is hooked on to the two leads 
with the aid of a long stiff piece of wire bent at the end. 

When ready for operation the leads are connected 
through a 100-ohm variable slide-wire resistance to a 
source of 110-volt alternating current. Approximately 
12 to 16 ohms are required in order to heat the coil to 
the desired temperature. 

Care should be taken to make sure that the apparatus 
is free from leaks. Rubber stoppers are used instead 
of corks, or else corks should be well softened and 
painted with water glass one day prior to the experi- 
ment (2). The ends of glass tube inside rubber tubing 
must touch each other in all connections. 

Since the ketene is invariably contaminated with 
carbon monoxide, it is necessary to deliver the effluent 
gas directly into the opening of a hood. 


EXPERIMENTAL 


Acetone is placed in the flask b, containing some glass 
beads or porous chips to prevent bumping. Cold 
water is passed through the condenser and the flask is 
heated by a water bath on a hot plate a, while the stop- 
cock on the trap dis open. In order to avoid a possible 
explosion the filament must not be heated when a con- 
siderable amount of air is present. Fifteen minutes’ 
refluxing will be sufficient to expel the air almost com- 
pletely from the pyrolysis tube. The stopcock on the 
trap is then closed and the filament heated to a dull red. 

A very rapid rate of boiling of acetone is essential 
(3, 4). It is necessary to remove ketene from the hot 
pyrolysis tube by the undecomposed acetone vapor to 
prevent further decomposition of ketene into ethylene 
and carbon monoxide (2) and to avoid excessive car- 
bonization, presumably through the formation of car- 
bon and water. The recovered acetone in the gradu- 
ated cylinder is acidic and has a pungent odor due to 
the presence of some acetic acid and acetic anhydride 
(6). This acetone, however, can be recycled for subse- 
quent runs. 

The high reactivity of ketene makes its isolation 
impractical. Therefore, it is used directly in the reac- 
tion tubes. In our experiments the ketene-containing 
gas is passed for a measured period of time into a definite 
amount of aniline with which it reacts to form ace- 
tanilide according to the following equation: 


CH:=C=0 + moles peg dts 


In order to obtain complete absorption of ketene two 
absorption tubes are arranged in series, followed by an 
empty tube to receive any aniline driven over by the 
gas, the evolution of which occasionally becomes rather 
vigorous. Only a small quantity of ketene is absorbed 
in the second reaction tubes. Furthermore a longer ab- 


sorption train retards the rate at which the ketene 
passes through the pyrolysis tube, thereby reducing the 
yield of ketene. 
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At the end of the reaction, the water bath is first re- 
moved, the current through the filament is turned off, 
and finally the stopcock is opened. 

The acetanilide separates as a crystalline solid upon 
cooling the reaction mixture. For purification it is 
treated with dilute hydrochloric acid to remove any ex- 
cess aniline, filtered and washed with more of the 
dilute acid. It is next dried and weighed. The pure 
acetanilide may be obtained by recrystallization from 
boiling water. 

The results for several representative runs are as 
follows: when ketene was passed into 10 g. of aniline 
for 30 minutes the average amount of acetanilide iso- 
lated was 10.2 g. This represents a 70 per cent con- 
version of aniline to acetanilide. When 15 or 20 g. of 
aniline was used and ketene run in for the same length 
of time, the amounts of acetanilide produced remained 
practically the same, 10.5 g. and 11.0 g., respectively. 
The yield of ketene based on the weight of the isolated 
acetanilide was 0.154 mole per hour and the net con- 
sumption of acetone 31.2 ml. per hour, corresponding to 
a 34.4 per cent net conversion of acetone into ketene. 


OTHER REACTIONS 


Instead of using aniline as the reactant, ketene may 
also be allowed to pass through an excess of standard 
NaOH solution and the excess of the alkali back titrated 
with standard acid. Other reactions of ketene which 
may be similarly carried out are tested in Table 1. 














TABLE I 
Reactions of Ketene 
Reactant Product Reference 
Water Acetic acid (6) 
Acetic acid Acetic anhydride (2) 
Hydrogen chloride Acetyl chloride (6) 
Bromine Bromoacetyl bromide (6) 
Ammonia Acetamide (6) 
n-Buty] alcohol Butyl acetate (7) 
Hydrogen sulfide Thioacetic anhydride (8) 
Ethyl magnesium bro- 
mide Ethyl methyl ketone (6) 
Phenol Pheny] acetate (9) 
Ethyl mercaptan Ethy] thioacetate (10) 
8-Naphthylamine n-Acetyl-8-naphthylamine (6) 
LITERATURE CITED 
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I: 
ga 
we 
ch 
scl 


ple 
me 


gas 
one 
wa 


AP 








IN 


e- ® A LECTURE EXPERIMENT TO DEMONSTRATE 























ff, 
THE ADSORPTION OF GASES BY SOLIDS! 
on 
is 
X- R. R. McLAUGHLIN and D. AZIZ 
he University of Toronto, Toronto, Canada 
re 
m 
as Ir was felt that the demonstration of the adsorption of a 
ne gases by solids in an unequivocal and vivid manner | 
0- would strengthen the discussion of this subject with 
n- chemical engineering students. The experiment de- 
of scribed below does this by causing a pressure drop, due 
th to adsorption, of the order of 200-300 mm. of Hg to take 
ed place in a few seconds. This is plainly indicated by a 
y. mercury manometer. 
ed Two lecture experiments illustrating adsorption of 
n- gases by solids are recorded in the literature,”,* but the 
to one described is believed to be sufficiently different to L 
warrant description. 
APRARATUS 

Ay A, 1-liter Pyrex round-bottomed flask 
rd B, 2.5 cm. diam. X 24 cm. long tube, with ¥ (24/40) r 
ed at K 
ch C, similar to B ) | 

D, graduated tube * 
* E, stopcock lubricated with ether-insoluble lubricant oH 

(starch-glycerol gel) 4 

F, G, H, J, stopcocks lubricated with silicone high F 
ee vacuum lubricant E < M 
- L, mercury manometer connected to G with pres- 








sure tubing 

M, ¥ (19/38) 

The whole apparatus can be mounted on one heavy 
buret stand for ease of transportation. 

Preparation of Apparatus for Use. Place about 45 4 
gm. of 14-60 mesh silica gel containing about 20 per 
cent moisture in B, cover lightly with plug of glass wool 
or glass cloth, surround B with an oil bath, bring to and 
= maintain at 150°C. while evacuating the system 
through D to a constant pressure of about 0.2 mm. with 
a mechanical pump (about 2 hours). Close #. On 

















22 cooling to room temperature the apparatus is ready for 
use. 
- Demonstration. (1) With E closed and all other stop- 


cocks open the manometer will indicate virtually zero 
7, pressure in the system. (2) Close F, H, and J (38). 
Ml. Place ether in D and by opening £ cautiously admit to 
the system 1.0 to 2.5 ml. of ether. Close Z. (4) Open F 
and read level of mercury in L. (5) Open J and observe 











1Presented at the meeting of the Chemical Institute of Canada 
24, at Halifax, Nova Scotia, May 31, 1949. 
2 Martin, D. R., J. Coem. Epuc., 21, 383 (1944). : 


E. 3 Lona, R. H., School Sci. and Math., 46, 423 (1946). 
4HerrineTon, B. L., anp M. P. Starr, Ind. Eng. Chem., 
D). Anal. Ed., 14, 62 (1942). Figure 1 
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TABLE I 
Typical Observations 
Experiment Number 
1 2 3 4 6 7 8 
Ml. of ether added 1.02 1.00 1.55 1.50 2.03 2.00 2.50 2.50 
Pressure in mm. of Hg. 
Initial 0.5 0.2 0.2 0.2 0.2 0.5 0. 0.5 
On opening F (2) 173.7 169.0 257.4 256.3 334.8 335.2 413.2 407.8 
On opening J (3) 157.5 152.1 227.0 231.3 302.3 302.6 372.2 367.7 
On opening H (4) 
After 30 sec. 26.7 24.1 24.5 26.0 25.6 23.7 26.9 25.3 
After 2 min. 23.3 21.4 21.9 21.6 21.5 20.6 23.2 21.7 
After. 5 min. 21.8 19.3 19.5 19.3 19.3 18.5 22.5 20.4 
After 10 min. 20.6 18.8 18.3 17.6 WA 16.0 20.2 18.2 





new, slightly higher level of mercury in L (7. e., slightly 
lower pressure). (6) Open H. Observe rapid rise of 
mercury in L to within 20 to 30 mm. of original height 
in a few seconds, and gradual rise thereafter. Bulb B 
will be warm to the touch, and of course the more ether 
that is admitted under operation the warmer it will 
be. (7) To prepare the apparatus for reuse heat B to 
150°C. while evacuating the system as described under 
“Preparation of Apparatus for Use.” 


COMMENTS 


Referring to Table I: 

(1) shows that the system is evacuated. 

(2) shows the large amount of ether vapour pres- 
ent. 


(3) shows the expected effect of allowing expansion 
into a container with a volume at least as large as the 
free space in B. 

(4) shows the rapid adsorption (most of it in the 
first few seconds) of the ether vapour on the silica 
gel. 

Further, the gradual attainment of equilibrium is 
easily observable at a value low by comparison with the 
initial pressure of ether vapour but high by comparison 
with the initial evacuated state of the system. 

The apparatus can be readily prepared before the 
lecture, transported to the lecture room, and the ex- 
periment performed in a few moments. 

Thus, the experiment fulfills the stated requirements, 
viz., a vivid and unequivocal demonstration of adsorp- 
tion of gases by solids. 


CF COOPERATIVE OBJECTIVE UNIT TESTS IN ORGANIC CHEMISTRY 


N ow is the time for every good teacher to order their Coopera- 
tive Objective Unit Tests in Organic Chemistry for the school 
year of 1949-50. These consist of twenty unit tests and two term 
tests, as follows: 


1. Alkanes, alkenes, alkynes. 
Alkyl halides and polyhaloalkanes. 
3. Alcohols, ethers, halohydrins, alkene oxides. 
4. Aldehydes, ketones, ketenes. 
5. Acids, saturated and unsaturated. 
6. Halogen, hydroxy, and oxo-substituted agids. 
7. -Anhydrides, acid halides, esters, salts. 
8. Replacement reactions, review. 
9. Final examinations, Nos. 1 to 8. 
10. Carbohydrates. 
11. Thioalcohols, thioethers, sulfonic acids. 
12. Nitroparaffins, amides, urea, urea derivatives, amines, 
amino acids, proteins, nitriles, and isonitriles. 
13. Foods and metabolism. 
14. Metallic and nonmetallic alkyl compounds. 
15. Alicyclic compounds. 
16. Aromatic hydrocarbons. 
17. Aryl halogen compounds. 
18. Phenols, aryl alcohols, ethers. 


19. Aryl aldehydes, ketones, quinones, acids. 

20. Aryl sulfonic acids. 

21. Aryl nitro compounds, amines, and diazonium salts. 
22. Final examinations, Nos. 10-21. 


What may one expect from the use of these tests? They do (1) 
measure the relative achievement of the students in any course in 
organic chemistry, (2) provoke thinking, (3) stimulate reasoning, 
(4) have a broader coverage than an ordinary essay type of exami- 
nation, (5) conserve on classroom testing time, (6) save grading 
time, (7) permit the instructor to use his time and energy other 
than in the preparation of tests, (8) combine the experience of 
twelve years in the construction of tests of this type, (9) serve as a 
teaching as well as a testing service, and (10) present in the cur- 
rent series a different and new form in that an I.B.M. answer 
strip is an integral part of each unit, thus permitting both 
economical and rapid grading by use of either a mechanical key or 
an International Business Machine. 

These tests are priced at 25 cents per student per year (22 tests 
for 25 cents), plus $1.00 for packaging. They are available in 
July, 1949. } 

Place your order now with the Chairman, C.0.U.T.O.C., 
Department of , Chemistry, Purdue University, Lafayette, 
Indiana. 
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a GLYCERIN—MAN’S MOST VERSATILE 
CHEMICAL SERVANT 


Nor long ago several leading scientists from a dozen 
countries were invited to draw up lists of the chemical 
substances which they considered “invaluable” from 
the viewpoint of general industrial usefulness. One of 
the few chemicals on every list was glycerin. 

This unanimous verdict was not really surprising, for 
in the 170 years since its discovery by a small-town 
pharmacist in Sweden, glycerin has proved itself im- 
portant and helpful in more than a thousand processes 
and products, touching almost every phase and depart- 
ment of modern living. 

The story of glycerin is studded with names that 
loom large in scientific progress. Its Swedish discoverer, 
Karl Wilhelm Scheele, came upon it more or less by 
accident. While making a lead plaster, he produced a 
soap by mixing olive oil with litharge. Upon washing 
this soap with water, he obtained a thick solution 
which, after evaporation, left a sweet, viscous, heavy 
liquid. He called this substance ‘“‘the sweet principle of 
fats” (principe doux des huiles). It was also known as 
“Scheele’s sweet principle” or ‘‘oil sugar.” 

In 1811, Chevreul studied the composition of this 
sweet liquid and gave it the name glycerin, after the 
Greek word “glykeros,’’ meaning sweet. 

Pelouze soon afterward established the chemical for- 
mula of glycerin. Wurtz determined its exact chemical 
composition and showed its relationship to the aliphatic 
compounds. Other important studies were made by 
such famous chemists as Berzelius, Liebig, Berthelot, 
and de Luca. In 1858, Pasteur found that glycerin is 
produced in fairly uniform concentrations during alco- 
holic fermentation. 

Most of the glycerin available today is obtained as a 
by-product of the soap industry, where it is separated 
during the saponification of fats and oils. Some gly- 
cerin is obtained more directly by fat-splitting proc- 
esses. Less than a year ago, the production of syn- 
thetic glycerin from petroleum gases was begun on a 
commercial scale, thereby yielding additional supplies 
of this widely demanded material. 

The 1947 production of glycerin in the United States 
was over 207 million pounds. Many industries shared 
in using up this record production. A monograph 
available in most libraries catalogs 1583 uses for gly- 
cerin. Published about four years ago, the list is al- 
ready out of date, because many new uses for glycerin 
have since been found, and industrial chemists are con- 
stantly extending the field. 

Specific data as to industrial products which use 
glycerin are available in government statistics. Credit 
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for the largest consumption of glycerin goes to the pro- 
ducers of synthetic (alkyd) resins and ester gum. Next 
comes tobacco, with third place to dynamite and nitro- 
glycerin. After these three classifications the im- 
portant uses of glycerin are: cellulose films and meat 
casings, dentifrices and toilet articles, drugs and phar- 
maceuticals, gaskets and cork packings, printers’ rol- 
lers and supplies, margarine, shortening and other 
edibles; adhesives, textile processing, beverages, 
flavors, candy and gum, glassine paper, greaseproof 
paper and vegetable parchment, rubber processing, 
cleaning materials, paper other than glassine and grease- 
proof, and the manufacture of chemicals. Back of 
these major users of glycerin are several products of 
great importance to science, technology, and the arts; 
such as antifreeze fluids for various purposes, hydraulic 
fluids, electrolytic fluids, liquid coolants, embalming 
fluids, masking and shielding compounds, grinding com- 
pounds, soldering fluids and pastes, special cements, 
caulking compounds and packing materials, various 
types of lubricants and various products for insect and 
microorganism control. In addition to the thousands of 
pounds of glycerin that go into instrument and equip- 
ment manufacture, substantial quantities are also used 
as laboratory reagents and for research. 

Of course there are many reasons for this wide 
diversity of uses. They are to be found in the very 
unusual combination of physical and chemical proper- 
ties inherent in Karl Scheele’s clear, heavy sirupy fluid. 
It is because of these properties that glycerin is vari- 
ously used as a humectant or hygroscopic agent, a 
vehicle, a solvent, a sweetening agent, an emollient, a 
chemically reactive material, a lubricant, a softening 
and demulcent agent, a penetrant, an antifreeze, a heat- 
transmitting medium, a pressure-transmitting fluid, a 
refrigerant, an antiseptic and preservative, a suspending 
agent, and a blending and dispersing aid. 

Thus, to the manufacturer of explosives and synthetic 
resins glycerin is a valuable chemical substance; a 
cosmetician thinks of it asan emollient; a tobacco proc- 
essor uses it as a humectant; to the cellulose film pro- 
ducer it is a plasticizer; while the baker values it as a 
means of retaining freshness and palatability in cakes, 
cookies and other baked goods. All these and other 
users of glycerin know that it will “stay put” and con- 
tinue to function effectively under conditions that 
render many other materials quite useless, mainly be- 
cause of its high boiling point and low vapor tension. 

Another important factor in the employment of 
glycerin is that it can be used with entire safety; being 
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nontoxic and absolutely wholesome, it may be handled, 
applied, and swallowed without harm. In foods, 
beverages and other edible products it is not an inert 
vehicle or solvent; on the contrary, as shown by studies 
at the University of Chicago, it is definitely nutritious, 
with a caloric value equivalent to that of a carbohydrate, 
and adds sweetness. Indeed, glycerin is a normal 
product of digestion, being liberated in the gastroin- 
testinal tract. 

Glycerin’s varied properties combined with the fact 
that it is a healthful food, give it a unique place in the 
manufacture of pharmaceutical preparations and manu- 
factured foods. It is used in so many drugs and medi- 
cines that an average of more than three pounds of 
glycerin per hospital bed is required annually by 
American hospitals. An analysis of 15,000 physicians’ 
prescriptions in a single American city showed that, 
with the sole exception of water, glycerin was the most- 
used liquid ingredient. Surgeons have long recognized 
its value in burn therapy and wound dressing. 

Food processors, from soup to nuts, avail themselves 
of the advantages of glycerin in many varied types of 
products. Peanut butter, for example, needs glycerin 
to prevent separation of an oily, unsightly layer, and to 
increase palatability and decrease cloying. Flavorings 
of all kinds require glycerin because of its high solvent 
powers, its effectiveness as an extractant, and its 
efficacy as a blending and smoothing agent. Food 
wrapping materials such as cellophane, glassine, and 
greaseproof paper use glycerin, and it is now entering 
a new field of great promise in food-freezing processes 
based on immersion freezing. 

Although the greatest variety of glycerin uses stems 
from its physical properties, the largest volume of con- 
sumption is in processes dependent upon its chemical 
characteristics. As a trihydric alcohol, it has some 
interesting chemical properties, whereby either one, two 
or three of the hydroxyl groups can react with a given 
reagent. It is also possible for each of the three groups 
to react with a different substance to produce com- 
pounds of mixed type. Glycerin can form esters, 
ethers, inner ethers, acetals, amines, halohydrin, and 
metallic derivatives. It can be oxidized, reduced, de- 
hydrated, and made to undergo various special reac- 
tions. 

The esters are unquestionably the most important of 
the glycerin derivatives. At the top of the important 
esters are nitroglycerin, alkyd resins, ester gum, acetins 
and long-chain fatty derivatives. Historically, nitro- 
glycerin was the first of these compounds to dssume im- 
portance. Over a century ago, in 1846, Sobrero re- 
ported the reaction of glycerin with nitric acid to form 
nitroglycerin. In 1863, Nobel demonstrated its value 
as an explosive. Five years later he found that kiesel- 
guhr would absorb large quantities of glycerin and that 
in this form it was safer to handle. Thus “dynamite” 
was born, a product which over the years has become 
vital to the life of the world. For example, agricultural 
uses such as ditching, land clearing, stump blasting and 
other farm activities consume about five million pounds 
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of dynamite each year. In passing, it should be noted 
that nitroglycerin is also an important medical agent 
in the treatment of heart disorders. 

Later, ester gum made its appearance. Formed by 
the reaction between glycerin and rosin, this material 
(called the first of the “synthetic” resins) started a 
revolution in the paint industry. It was followed by the 
even more important synthetic resins of the alkyd type. 
They are described as the reaction product of poly- 
hydric alcohol with a polybasic acid, and glycerin and 
phthalic acid (in the form of the anhydride) are the most 
important team of reactants in this group. Alkyd res- 
ins are usually modified with oils, fatty acids and other 
substances to yield compounds with properties suited 
to specific applications. Owing to their versatility and 
because they may be used advantageously with other 
resins (including the new silicone resins)—together with 
the fact that they produce finishes of outstanding dur- 
ability, toughness, and beauty—alkyd resins now hold 
the dominant position among synthetic resins used in 
the manufacture of protective and decorative coatings 
of all kinds, including emulsion paints. 

While their use in paint comprises their greatest out- 
let, suitably modified alkyd resins are finding important 
applications in other fields as well. They are valuable 
as binding agents in the manufacture of electrical and 
radio equipment, in the production of optical goods and 
in the making of abrasives. Used in special coatings for 
paper, they are also important components of modern 
printing inks. The textile industry has found them 
suitable for making superior fabric finishes and better 
pigmented printing pastes. 

During recent years, increasing interest has been 
focused on a group of glycerin derivatives generally re- 
ferred to as monoglycerides. They are formed, under 
controlled conditions, by heating excess glycerin with 
free fatty acids, or by heating a triglyceride (e. g., 
vegetable or animal fat or oil) with glycerin. The re- 
sulting compounds are used as emulsifiers and homo- 
genizers in shortenings, in baked goods and various 
foods, and in certain industrial processes, like the pro- 
duction of foam rubber. 

Glyceryl monostearate is probably the best known of 
the monoglycerides. Made available in special edible 
grades, this compound has proved to be an effective 
staling retarder for use in cake and bread baking. In 
addition to maintaining freshness and improving the 
flavor of baked goods, it is also used by ice cream manu- 
facturers as a basic ingredient in stabilizers. It is also 
one of the best known and most efficient emulsifiers in 
cosmetic creams and dermatologic ointments. The 
potentialities of the monoglycerides are receiving con- 
centrated attention in many quarters. 

Also attractive to medical chemists and pharmacolo- 
gists is a group of glycerin ethers. These compounds 
show a muscle-relaxing action similar to curare but 
without the hazards of the arrow poison derivative. 
These newer glycerin derivatives are expected to open 
up new fields of usefulness in the domains of medicine 
and surgery. i 
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LABORATORY PREPARATION OF NORMAL 
ALKYL BROMIDES' 


Tue preparation of normal alkyl bromides is gen- 
erally included in manuals of organic laboratory prac- 
tice (1-3). The examples chosen are usually ethyl 
bromide and n-butyl bromide. In one case (/) the 
statement is added that other normal alkyl bromides 
may be prepared in a similar manner provided that 
appropriate changes are made in the procedure. 

The present work has two objects: first, to investi- 
gate the conditions for the preparation of n-butyl bro- 
mide with a view to modifying the procedure as com- 
monly given in laboratory manuals; second, to deter- 
mine the conditions for the preparation of normal alkyl 
bromides other than ethyl bromide and n-butyl bro- 
mide. 

For the accomplishment of these objectives, direc- 
tions for the preparation of n-butyl bromide were 
seleeted from a standard manual (1). In these direc- 
tions n-butyl alcohol is boiled for a period of two hours 
with a slight excess of potassium bromide and sulfuric 
acid. The original directions call for the addition of 
two-thirds of the acid at the commencement of the ex- 
periment and the remainder after thirty or forty 
minutes. In the present work the acid was added in 
one portion at the beginning of the experiment. Table 
1 gives the yields of n-butyl bromide obtained when the 
period of boiling was varied. The n-butyl alcohol used 
was Baker & Adamson, Reagent Grade. Each run was 
carried out on a scale of one-half mol of the alcohol. 





TABLE 1 
n-BUTYL BROMIDE 


Boiling Range 99.5-100.5°C. (Unce.); np 1.4884 + 2@ 








Reflux time 0.25 0.50 0.75 1.00 1.50 2.00 
(hours) 

Yield (grams) 52 57 58 59 59 58 

Yield (per cent) 76 83 85 86 86 85 





These results show that the maximum yield of n- 
butyl bromide was obtained in one hour and that a 
satisfactory yield, only ten per cent lower, was obtained 
in fifteen minutes. 

The same procedure was carried out using n-propyl 
alcohol (Eastman Kodak Co. No. 848) and n-amyl 
alcohol (Eastman Kodak Co. No. 568). The n-amyl 
alcohol was distilled through an 18-in. Vigreux column 





1Presented before the Division of Chemical Educatian at the 
115th meeting of the American Chemical Society in San Fran- 
cisco, March 28-April 1, 1949. 
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and the fraction boiling between 134-135°C. was used. 
The data obtained from these alcohols are shown in 
Tables 2 and 3. 





TABLE 2 
n-PROPYL BROMIDE 


Boiling Range 70—71.5°C. (Unc.); np 1.4330 


Reflux time 0.25 0.50 0.765 1.00 1.50 2.00 
(hours) 

Yield (grams) 47 51 53 53 53 53 

Yield (per cent) 77 83 86.5 86.5 86.5 86.5 











These values show that the maximum yield of n- 
propyl bromide was obtained in three-quarters of an 
hour and that a satisfactory yield, about ten per cent 
lower, was obtained in fifteen minutes. 





TABLE 3 
Boiling Range 125-127°C. (Unc.); n®*p 1.4443 = 2 


Reflux time 0.25 0.50 0.75 1.00 1.50 2.00 
(hours) 

Yield (grams) 50 55 56 59 59 59 

Yield (per cent) 66 73 74.5 78 78 78 











These values show that the maximum yield of n- 
amyl bromide was obtained in one hour. A satisfactory 
yield, twelve per cent lower, was obtained in fifteen 
minutes. In half an hour of boiling the yield was only 
five per cent lower than the maximum yield. 

From the results obtained in this work it can be con- 
cluded that, for the normal alcohols studied, reasonable. 
yields are obtainable in fifteen minutes. This agrees 
essentially with the statement of Kamm and Marvel 
(4) that such yields are obtainable in this period. How- 
ever, highly satisfactory yields can be obtained in 
thirty minutes. It is believed that, from a teaching 
standpoint, a period of boiling longer than this is un- 
satisfactory. Ordinarily the student remains idle 
during a period of reflux and the slight additional yield 
obtained from a longer reflux period is of little educa- 
tional value. In addition a shorter reflux time permits 
the student to complete the experiment in a three-hour 
laboratory period. 
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* VARIATION IN REACTIVITY—A DEMONSTRATION 


Tue wide variation in reactivity that may occur 
among members of the same homologous series, per- 
haps even closely related isomers, frequently seems in- 
comprehensible to students beginning the study of 
organic chemistry. Still harder to grasp is the fact that 
even the sequence of reactivities among several homolo- 
gous compounds may depend upon the reaction and 
the experimental conditions selected. The student 
fails to appreciate and perhaps to believe, unless shown, 
that although n-butyl alcohol is essentially unaffected 
by refluxing with hydrochloric acid and ¢-butyl alcohol 
reacts very rapidly at room temperature, quite the 
opposite is true when the two alcohols are treated with 
metallic sodium. 

The isomeric halides normal and tertiary butyl bro- 
mides may be used conveniently in three simple demon- 
strations as rather striking examples of varying reac- 
tivity. The reactions involved in these experiments 
are: 

(1) The displacement of bromine by iodine from 
sodium iodide dissolved in acetone 


RBr + I- + Nat+— RI + Nat, Br- J} 


(2) The displacement of bromine by a nitrate group 
from silver nitrate dissolved in alcohol 


RBr + NO;- + Agt — RNO; + Agt, Br-} 


(3) The hydrolysis by hydroxide ion or water mole- 
cules in aqueous acetone solution 


RBr + OH- — ROH + Br-; 
RBr + 2H:O — ROH + H;0+ + Br- 


Reaction (1). To a test tube containing 5 ml. of 
sodium iodide-acetone solution (15 g. of sodium iodide 
in 100 ml. of pure acetone) add 0.50 ml. of n-butyl bro- 
mide. Do likewise with t-butyl bromide. After one to 
two minutes the solution of the primary halide will be- 
come turbid and then deposit a crystalline precipitate of 
sodium bromide. At least one hour will be required for 
the precipitation of a detectable amount of sodium bro- 
mide in the second tube. 

Reaction (2). Use the same procedure but for the 


substitution of an alcoholic solution of silver nitrate 
(2% solution in 95% ethanol). Normal butyl bromide 
will give a faint turbidity almost at once and a milky 
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suspension after ten to fifteen seconds; an immediate 
and copious precipitate of silver bromide will form on 
addition of the tertiary bromide to the second tube. 
The latter precipitation is so rapid that the student may 
suspect the presence of traces of hydrogen bromide; 
that such is not the actual case is shown by the third 
test. 

Reaction (8). Add the required amount of a suitable 
indicator of the universal type! to a solution of 30 ml. of 
water in 100 ml. of acetone; then add enough 0.1 N 
sodium hydroxide solution dropwise to bring the solu- 
tion, as shown by the indicator, to a pH of about 9. 
Divide the resulting solution into two approximately 
equal portions and add to each 0.5 ml. of the appro- 
priate bromide. The color of the solution of n-buty] 
bromide will remain unchanged for at least one hour, 
but after a second or two the solution containing the 
tertiary bromide will pass fairly rapidly (as indicated 
by the succession of color changes) through neutrality 
to a pH of about 5. Since the original color of the 
second solution will not change instantaneously the 
possibility of any significant amount of hydrogen bro- 
mide in the alkyl bromide can be rejected. The color 
cycle, furthermore, can be repeated frequently by add- 
ing quickly enough sodium hydroxide solution to 
restore the original basicity; almost at once the solution 
will again become acidic. 

For the purposes of a beginning class the instructor 
will probably find it inadvisable to give an explanation 
of these differences in reactivity other than an indica- 
tion that the reaction mechanisms vary considerably. 
The students may be curious regarding the rapid 
hydrolysis of t-butyl bromide in acidic solution. More 
advanced students may be interested in the actual 
mechanisms involved; an excellent discussion has been 
given by Hammett.? The first two of these reactions 
have been used for the characterization of organic 
halides.* 





1 Amend Universal Indicator is very satisfactory (Amend Drug 
and Chemical Co., New York 10, N. Y.). 

2? Hammett, L. P., ‘Physical Organic Chemistry,’ McGraw- 
Hill Book Co., New York, 1940. 

3 Suriner, R. L., anp R. C. Fuson, “The Systematic Identifi- 
cation of Organic Compounds,” 8rd ed., John Wiley and Sons, 
New York, 1948. 
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® MINERAL DEPLETION AND METAL SUPPLY’ 


Tus dependence of modern civilization on minerals is 
so great that it is difficult to imagine what our surround- 
ings would be if minerals in common use were virtually 
unavailable. Presumably, with our highly organized 
methods and scientific knowledge, we would live more 
comfortably than aborigines, but there can be no doubt 
that the material living standards which we have come 
to regard as essential depend very heavily on minerals. 
In this imaginary nonmineral world we would at least 
have to dispense with such commonly used conveni- 
ences as railways, automobiles, telephones, electric light 
and power, furnaces, china and glass, and large build- 
ings. 

These conjectures become of more than academic 
interest when we look at the problem quantitatively. 
On the consumption side, we have such startling com- 
parisons as the per capita requirements for the world’s 
white population having multiplied 30 times in 30 years, 
or that more minerals have been mined in the last 40 
years than in all prior history. On the supply side, we 
have the estimates of the Department of Interior that 
our known and inferred reserves of several commercially 
important minerals are limited to the following, in terms 
of 1935-44 production averages: petroleum, 40 years; 
copper, 25 years; lead, 15 years; zinc, 24 years; direct- 
shipping iron ore, 15 years. To this I would add that a 
quantitative analysis of the way we are depleting or pol- 
luting a precious resource—good underground water— 
is in itself some cause for concern. The Californians 
are learning the value of good water supplies! 

The division of ECA for which I am responsible was 
set up because Congress was so deeply concerned over 
reserve depletion that it insisted there must be some re- 
turn for Marshall Plan aid, in the way of availabilities, 
if not of actual deliveries, of “materials in which the 
United States is deficient or potentially deficient.” 
Congress is greatly interested in protecting the future re- 
source position of the United States. 

Do these ominous statements mean that civilization 
shortly will be forced to alter its ways profoundly? 
Must we in a few generations return to horse-drawn ve- 
hicles, candlelight, and handicraft industry? Must we 
relinquish the privilege of slaughtering other people by 
the millions and gratify our blood lust only through indi- 
vidual combat? Parenthetically, when I reflect on air 
warfare, atomic bombs, or even what insistent nuisances 
the telephone in my office and the radio at home have 
become, I could stand for some of these handicaps with 
cheerful resignation! 


1 Presented before the Massachusetts Institute of Technology 
Metallurgy Colloquium, March 2, 1949. 
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My answer to the question posed is that, even assum- 
ing that the bulk of the earth’s population adopts the 
mode of life common in North America and Western 
Europe, thus skyrocketing the world’s mineral require- 
ments, we shall suffer no serious inconveniences or inter- 
ferences with material progress for lack of mineral ma- 
terials. We shall even be able to go on devising even 
more fiendish ways of destroying each other! 

In the first place, we tolerate wastes that if curbed 
could contribute immensely to extend our mineral sup- 
plies. Having no conscience in regard to posterity that 
prevents our using tin for dog food cans, sinking battle- 
ships for target practice, or allowing immense soil and 
fertilizer values to drain into the ocean, we at least know 
that at a price these wastes will be avoided and even a 
good deal of material now wasted will be reclaimed. I 
would like to point out here, however, that important 
percentages of even so-called indestructible metals, like 
gold, silver, lead, and copper, are irrevocably lost in 
their first services to society. In other words, we can- 
not relax under the illusion that eventually we will fill 
our metal needs by turning over a great scrap pile. 

Second, we are lucky enough to have substitutes with 
plenteous reserves behind them for most if not all of the 
uses of our scarcer minerals. For iron and steel needs 
we have great supplies of lower-grade iron ore which can 
continue to fill requirements for many generations and, 
thanks to the metallurgists, at surprisingly small addi- 
tions to cost. The rather limited deposits of high qual- 
ity ferro-alloy minerals can be greatly extended when 
the metallurgists get less choosy about quality and con- 
descend, at a price of course, to use lower grade sup- 
plies. In copper’s most essential use, electrical conduc- 
tion, it already has a formidable competitor in alumi- 
num. If copper should become entirely unavailable to 
the electrical industry—which of dourse will not hap- 
pen—we should simply have to use somewhat larger 
devices to obtain similar results. Aluminum is also 
giving zinc producers considerable food for thought, be- 
ing already a competitor with galvanized roofing, siding 
and utensils, and zine die castings. One might say that 
aluminum itself does not exist in boundless reserves, 
considering that it is made from high-grade bauxite, but 
between the probabilities that much undiscovered baux- 
ite exists and that metallurgists will find ways to use 
lower grade aluminous materials it is hard to forsee a 
dearth of aluminum. 

One of the most tenacious applications of the metals is 
lead for storage batteries, as we have no effective sub- 
stitute. True, there is the nickel-steel alkaline battery, 
but should it be asked to take over the load now being 
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carried by lead batteries we would run into the circum- 
stance that nickel is much scarcer than lead. Pending 
the day when an effective substitute for lead in storage 
batteries is developed it appears that here is at least one 
important instance when a dearth of the material would 
force us to change our ways. Are the conspicuously 
short reserves of lead known in the world then an omi- 
nous sign? The answer is No. In the first place, lead 
has reasonable substitutes in the construction, plumbing, 
chemical, paint, cable covering, and weighting fields, so 
that the apparent supplies could be extended very far if 
devoted to storage batteries alone. Second, the lead in 
storage batteries is almost 100 per cent reclaimable, 
given a sufficient price incentive. Third, a substantial 
increase in price, still well within the means of storage 
battery users, would bring out new supplies from all over 
the world. Therefore, even in this unusual case of a 
monopolistic hold on a market and an apparently short 
supply I see no cause for consumers to worry about the 
future. Lead, because of its limited reserves, dura- 
bility, and wide usefulness, may be an appropriate item 
for hoarders who fear currency depreciation, but the 
needs for its more essential uses will be met, and at 
prices which, although possibly high in comparison to 
the past, will still be well within the reach of consumers. 

Another apparently essential mineral use is that for 
manganese as a clean-up agent for steel. This country 
uses 14 pounds per ton of steel and Europe uses more. 
There are people better qualified than I to pass on this 
question, but as for myself, I have observed so fre- 
quently the ability of metallurgists to find answers when 
needed that I have complete faith that we shall never 
lack good steel, even if manganese does become rela- 
tively scarce. 

These indefatigable metallurgists are constantly 
working—and achieving results—toward bringing new 
metals within the economic sphere. Some of these 
metals are backed up by very abundant reserves. Alu- 
minum is of course a hackneyed example, and magne- 
sium is well on its way. Itis worth noting here that the 
last-named metal is produced most cheaply from an in- 
exhaustible source, sea water. Now also, we have ti- 
tanium showing such promise that prudent industrialists 
are spending millions to hasten its economic appli- 
cations. 

The development of these new metals presents chal- 
lenging tasks to an army of metallurgists, delving into 
ways of producing more cheaply, alloying more use- 
fully, and equipping industry to apply more effectively. 
In modern society no one man has more than a small 
segment of this extremely ramified job, and the blind 
experimental alleys vastly outnumber the roads by 
which actual progress is achieved. Nevertheless, to 
participate in bringing new materials to the workshops, 
thus enabling industry to make new offerings of better 
living to more people, is certainly an inspiring basis for a 
career. I only wish that the benefits of these accom- 
plishments could be more widely utilized. In too large 


a measure, it seems to me, we become the slaves rather 
than the beneficiaries of the system we are creating, or 
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waste the advantages placed at our disposal in mere 
time-killing amusement, to say nothing of our aptitude 
for using the accomplishment of science and engineering 
for destructive purposes. 

The plastic and glass industries are also making im- 
portant contributions toward offering substitutes for 
many applications of the metals. These items are al- 
ready in such common use that it is superfluous to recite 
specific examples. : 

Thus, I think we can look to the metallurgists and 
other technologists to cushion our economy against 
shortages by developing substitute materials that will 
enable us to use dwindling supplies of the metals, if they 
occur, for the more essential uses. If there is any 
fundamental cause for concern over resources it lies in 
pollution of the atmosphere, in water supplies, or in the 
depletion of soil and phosphates. These items may be- 
come limiting factors to human growth in due time. 
However, more effective conservation of these resources 
can greatly postpone the day of reckoning. 

Then there is the role the prospector and miner can 
play in discovering new mineral reserves. I use these 
terms rather than “geologist”? and “mining engineer” 
because I think we are too inclined to emphasize tech- 
nically trained personnel in this activity, without realiz- 
ing that a large share of the accomplishment, probably 
the major part, is due to people whose equipment is 
essentially common sense, experience, or managerial 
skill. Most informed people believe that on the one 
hand there must be more economic minerals undis- 
covered than discovered. Nobody knows how far the 
new type of geologist, heavily fortified with physics and 
chemistry, may push extrapolative geology, or how 
effectively geophysical and geochemical prospecting 
may disclose concealed deposits. On the other hand, 
considering the depths to which mining is pushed and 
the extent to which we continue to rework and exploit 
old districts, it would be rash to predict when well 
mineralized areas will be finally exhausted. 

We now come to a factor in this picture which, al- 
though simple and self evident, is usually overlooked in 
discussions of depletion and its effect on human prog- 
ress. I refer to price and its impact on activity. On 
one side, I think there is too much consideration of tech- 
nological accomplishment without weighing the strong 
control exercised by prices. We should have fewer 
chances to apply new machines and methods in industry 
except for the insistence of workmen on higher and 
higher prices for their labor. Indeed, I fear that the in- 
creased output per worker which has been achieved dur- 
ing and since the war may result in serious social prob- 
lems before very long, as we have only catch-as-catch- 
can methods of providing jobs for all who want to work 
in ordinary or depressed times, These problems can 
and will be solved, but they seem to take time. 

The prices of the products we produce put definite 
ceilings on industry’s chances to mine lower grade re- 
serves, take exploratory risks, try out new machines or 
methods, or finance research. However, it must be ad- 
mitted that human behavior is illogical enough that we 
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make our greatest progress when under pressure rather 
than when we can enjoy the most financial elbow room. 

The fluctuations characteristic of price also have a 
profound effect on depletion and technical progress. 
Many experiments, whether exploratory, operative, or 
laboratory research, are foregone because of the fears of 
business men over price declines. Much ore is left in 
the ground because of selective extraction in periods of 
low profit margins. Indeed, if there is any justification 
for cartelization or state regulation of prices it is because 
stable prices should encourage orderly extraction, steady 
mechanization, and research programs, thus promoting 
resource conservation. This, however, is a tool which 
can be overexercised, as too much protection can de- 
stroy the drive inherent in our “root, hog, or die’’ eco- 
nomic system. 

The most interesting aspect of price in connection 
with resource depletion is involved in the question, 
“How much can we afford to pay for a given material?” 

There is an absurd side to the fact that a pound of 
copper, lead, or zinc, valuable, durable, reusable ma- 
terials, costs less today than a pound of cotton, a com- 
mon, single-use, short-life, easily destructible material. 


Take an example like lead. If the consumer can pay 
much more than the present price in relationship to 
other commodity prices, broad new vistas are opened up 
in the way of exploratory activity, rejuvenation of old 
producing areas, opening of remote or low-grade de- 
posits, increased recovery in extraction, and scrap re- 
turn. Also, if it takes a higher price to produce sub- 
stantial quantities of lead some users will drop out of the 
market. Other heavy materials can be used for weight- 
ing down fish nets or sailboat keels, less lead can be used 
in paints, and substitutions can be made in the construc- 
tion, chemical, and cable-covering fields. Thus, much 
more lead will be available out of the present supply for 
storage batteries and similar more dependent users. 
As for these users, startling as it may seem, I venture the 
opinion that they could pay ten times as much for lead 
and not be seriously cramped. 

The prices we can afford to pay for so-called essential 
materials finally get back to the human energy we can 
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afford to devote to their acquisition. It seems ridicu- 
lous to say that people who enjoy five-day work weeks in 
an industrial system that has but few back-breaking 
jobs cannot pay ten times the present relative price for 
the lead they need. Probably what they need is but a 
fraction of what they use and what they use represents 
less than a thousandth of their earnings. Had they to 
pay ten times as much for their needs these would prob- 
ably still require an imperceptible amount of the time 
now devoted to profitless amusement or the expendi- 
tures now made for superfluities. Until and unless we 
are back to long work weeks and arduous tasks I cannot 
get excited over the consequences of depletion. 

I realize that I am now “wide open” for the question, 
“Tf you are so little concerned over depletion, why are 
you striving to help the United States build up stock- 
piles and safeguard its future access to raw materials?” 
The point is that it takes a certain amount of time for 
industry to adapt itself to new conditions, and these 
measures are designed to cushion us against being 
caught short over the short term or in an emergency. 
Moreover, possession of a resource which the other fel- 
low lacks is likely to afford a competitive or combative 
advantage to the “have’’ over the “have-not.” The 
problem diminishes if all are equally well off or poor, or 
given time to work out alternatives. 

If we can refrain from destroying civilization, or mak- 
ing the world a Communist prison, the future I foresee is 
one of continued abundance and variety of materials, of 
slow, almost imperceptible changes toward using ma- 
terials backed up by abundant reserves, of higher per 
capita consumption, and greater and greater involve- 
ment of complicated technology. We shall require and 
be able to afford more highly educated technical men. 
We shall receive a greater and greater inheritance of 
knowledge, comfort, and leisure from predecessor gen- 
erations, and have more of what is commonly called bet- 
ter living. I only hope we shall use these creature 
benefits as stepping stones to enlightened, fruitful, 
satisfying lives, to moral and social progress, and not 
become narrow or slaves to the machines, technologies, 
ease, and gadgets with which we shall be surrounded. 





EDITOR’S OUTLOOK 
(Continued from page 298) 


We come close to doing this in the graduate school by 
virtually changing our fivefold grading system into a 
threefold and thereby giving the semblance of higher 
standards. We require, for example, that a student 
must maintain a ““B” average to obtain a degree, and 
since no graduate school could long continue if at least 
fifty per cent of its students aren’t successful, ‘“B”’ 
automatically becomes the average grade. 

Many a teacher prides himself that his grading is 
absolute, that he knows perfectly well what each letter 
means and that if a student doesn’t do that well he just 





doesn’t get the grade, that’s all. Certainly, most 
teachers do not divide up every class into even alpha- 
betic segments, but nevertheless over the years they 
adhere to a relative scale of accomplishment as do all 
the others. Too often, however, it will be found that 
their grade distribution is “skewed,” usually in the 
direction of an abnormally large number of high grades. 
If this is pointed out, the common reply, “But they 
were all good students; they deserved those grades,” 
is inconsistent with the nature of the grading system. 
You just can’t have all of a group above average. 











& MODEL OF A MASS SPECTOGRAPH 


Tue Aston Mass Spectrograph and its later modifica- 
tions have played so important a part in atomic studies 
that an understanding of the instrument is of significant 
value to students of even elementary courses in chemis- 
try and physics. A recent article in Ta1s JouRNAL! de- 
scribed an analog of the Aston instrument which used 
falling steel balls and an electromagnet to simulate the 
atoms and the fields in the actual instrument. 

It was felt by one of the authors that this arrange- 
ment had certain undesirable features; principally, 
that the balls falling freely in the gravitational field 
moved too rapidly to be followed readily by the average 
observer. Several years ago, an attempt had been made 
to roll steel balls past a magnet with a view to deflecting 
them. This did not result successfully because it seemed 
impossible to obtain constant deflections. It was then 
decided to substitute a mechanical field for the mag- 
netic one, the final choice being an air stream. 

The presently described apparatus, using the princi- 
ples indicated—slow speed balls to represent atoms, and 





1 Norton, F. J., Tots JouRNAL, 25, 677 (1948). 
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an air stream for the field—was designed for public 
exhibition at a science fair. As will be seen from the 
accompanying photographs there is an elevating and 
feeding device which feeds balls of identical size but 
various weights at the rate of one every ten seconds. 
These roll down a directing trough and directly into an 
opening which returns them to the elevating mecha- 
nism. . With the field disconnected, the balls roll in a 
straight line regardless of their weight. When the field, 
7. €., air stream, produced by an old vacuum cleaner is 
turned on, the heaviest balls are but slightly deflected. 
Those of intermediate weight go to a second receiving 


- point, while the lightest ones, made of wood, are driven 


off almost at right angles to their original direction of 
motion. All return to the elevator to be used again. 

To permit operation by the observer, a set of push- 
button switches was incorporated; one to control the 
feeder mechanism, the other, to turn the field on and off. 
In parallel with these, and at a point not accessible to 
the public when the machine is on exhibit, are two other 
switches which permit constant operation when this is 
desired. 
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Tue nature of chemical purity is a subject of great 
chemical interest, and I would like to discuss it on a 
rather broad basis, as an exercise in understanding 
scientific language, and as a sort of fitted scaffold within 
which to erect the more interesting edifice. 

The world “pure” has many meanings, the specific 
meaning depending on the particular context within 
which the word is used. This is well understood in 
ordinary matters. For example, no adult would confuse 
the meaning of ‘‘pure’’ as used in the advertisements of 
a well-known soap with the use of the word by the 
Watch and Ward Society of Boston. But the student 
can become very confused when the word is used with 
different meanings by chemists, for often it is not 
pointed out that different meanings are involved. The 
problem of understanding the use of a word like this is 
centered around the problem of relating the word as a 
symbol to the fact which it is supposed to represent. 
This, of course, is at the root of all difficulties with 
language, and so it is evident that if we can clarify the 
issue in the case of this one word “pure’’ we have served 
to clarify the issue for the language. 

The problem of what is a pure substance can be ex- 
amined from a number of points of view, and I have 
selected three as being of particular interest in connec- 
tion with our larger objective. I would like to deal with 
parts of the historical aspect, parts of the language, or 
semantical aspect, and parts of the experimental aspect 
of the problem of chemical purity. In dealing with these 
more or less separately I do not wish to imply that they 
are not connected. Only poets and other literary and 
artistic men can deal with a multitude of aspects of 
reality simultaneously, and they are accused of all sorts 
of faults of which vagueness is one of the least. The 
scientist usually has to deal, if possible, with one 
variable at atime. This practice has its advantages but 
also its faults. It is interesting to observe new develop- 
ments which permit dealing with many simultaneously 
changing variables. 

The problem of what is a pure substance must have a 
very long history. Certainly it must always have been a 
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problem of the greatest importance to commerce. 
Imagine the questions which might have arisen in olden 
days in using coins to pay for a length of dyed Egyptian 
cotton. On the one hand, the seller must be sure that 
the coins he receives really are gold, and not some 
cunning but worthless alloy of baser metals. On the 
other hand, the buyer must ascertain that the cloth 
really is made of the long-fiber Egyptian cotton, and not 
some less durable material, perhaps improperly dyed. 
The problem then usually was one of identity rather 
than of actual purity: did the coins correspond in color, 
ring, hardness, and weight to the standard set up by 
some prince or state. A similar problem was investi- 
gated by Archimedes when he determined the density of 
gold and its alloys with silver in order to test the crown 
of Hiero. 

The early modern chemists had a sufficiently difficult 
time with problems of this sort. A ciassical example 
can be found in the controversy between Claude Louis 
Berthollet and Joseph Louis Proust. Berthollet had 
found that the courses of reactions could be influenced by 
the quantities of reagents. His ideas were close to 
some which we have now. For when two salts are 
mixed in solution the components of each are in equi- 
librium in solution, and the course of any reaction which 
may occur is influenced by the solubility, volatility, 
etc., of the products. However, he drew the conclusion 
that, within limits, elements should unite in all propor- 
tions. His rather imperfect analyses tended to confirm 
this conclusion. Proust was able to show, however, 
that the series of substances which Berthollet claimed to 
represent a number of composition ratios were really not 
single substances but mixtures. Proust established the 
law of definite proportions. The problem here was 
obviously the distinction between pure substances and 
mixtures. The controversy which was carried out over 
a period of some seven or eight years—and always, it is 
said, with the greatest courtesy on both sides—did a 
great deal to advance the state of chemistry and clarify 
the concept of a pure compound. 

It is interesting to see in the development of chemical 
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science a sequence of overlapping stages. This sequence 
seems to be characteristic of the history of any science. 
First comes the data-gathering, or analytical stage, 
which itself shows an internal structure. The observa- 
tions which sum up to the data of the science are first 
qualitative in nature and deal with size, shape, color, 
etc. Then almost imperceptibly there is a transition 
toward more quantitative observations, which supple- 
ment the qualitative by making them more precise. 
Qualitative’ analysis thus leads into quantitative 
analysis, and this, after a time, into arrangement 
analysis, or structure analysis. This stage may be fol- 
lowed in the more advanced sciences by abstract theory 
and philosophy. It is apparent, therefore, that as the 
science goes through this development many words will 
undergo concomitant changes in meaning. 

Many chemical words have undergone such change. 
For example, the concept of “element’’ to Empedocles 
was certainly very different from that which Boyle must 
have had, and Boyle’s concept, though rather ad- 
vanced, from the “element” of the atomic scientist. 
The same word, “element,” is used for each concept, but 
almost unconsciously in our minds we recognize the dif- 
ferent meanings by some such qualification as might be 
symbolized thus: “element” B.C.40; “element”’ 1660; 
“element” 199. Once the student understands this dif- 
ference many of his problems disappear, and his interest 
is greatly stimulated. We can now write down defini- 
tions: 

Empedocles’ air, earth, fire water 

Boyle’s substance which has not been 
decomposed 

Substance which cannot be decomposed 
by chemical means 


It thus becomes obvious that the word “element”’ is 
definable only in its context. I believe that small 
problems like this can be extraordinarily confusing to 
students, who may thereby be discouraged from con- 
tinuing our really fascinating subject. This brings us to 
the language aspect of our problem. 

Students often do not realize that the language of a 
science is as much a part of the science as observation 
and experimentation. Science is quite inseparable from 
its language, and it would be difficult to find a clearer 
statement of this fact than that made by Lavoisier: 


The impossibility of separating the nomenclature of a science 
from the science itself is owing to this, that every branch of 
physical science must consist of three things: the series of facts 
which are the objects of the science, the ideas which represent 
these facts, and the words by which these ideas gre expressed. 
Like three impressions of the same seal, the word ought to pro- 
duce the idea, and the idea to be a picture of the fact. And, as 
ideas are preserved and communicated by means of words, it 
necessarily follows that we cannot improve the language of any 
science, without at the same time improving the science itself; 
neither can we, on the other hand, improve a science without 
improving the language or nomenclature which belongs to it. 
However certain the facts of any science may be, and however 
just the ideas we may have formed of these facts, we can only 
communicate false impressions to others, while we want words 
by which these may be properly expressed (1790). 


“element’’ B.C.450 
“element’’ 1660 


“element” jo49 


It is the new-language aspect of chemistry which often 
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is claimed by students to be their nemesis, and yet I 
have observed these same students to revel in the 
descriptive language of comparative anatomy which 
seems far more difficult and disorderly in its structure. 
The problem may go back to some very fundamental 
issue which we have not yet touched on. 

The problem of understanding the use of such words 
as ‘‘pure” is largely the problem of relating the words as 
symbols to the facts which they are meant to represent. 
Here the devices for distinguishing between the various 
uses of the word “element’’ might again serve in good 
stead. Indeed, these qualifying devices are often re- 
quired by law in connection with statements of purity 
because the property of purity as applied to medicines or 
soaps has a commercial value and it is necessary to pre- 
vent abuse of it. We therefore see on labels these 
qualifying statements: “U. S. P.,” “C. P.,” “Tech. 
Pure,” “99 and 44/190% pure.” 

In such cases as these the purity is defined to some 
extent. But in the mind of the student of chemistry 
certain confusions may arise about the matter of purity 
which have to do with the use of the word in a more 
abstract way. Would one speak of a pure element, or a 
pure substance, or a pure compound, or a pure molecule? 
I asked some graduate students this question, and this 
started a one-hour discussion. Elements are substances 
which cannot be decomposed by ordinary chemical 
means into two or more substances. Elements are 
therefore ipso facto pure. By definition a compound is a 
substance which can be decomposed by ordinary chemi- 
cal means into two or more simpler substances, thus, I 
suppose, a compound may or may not be pure. A ma- 
terial may certainly be pure or not pure. But can the 
word be applied to a molecule? Obviously not, for 
purity is a property which comes into existence only 
with assemblages of molecules. Another way of saying 
this is that pure can be used to qualify only those 
chemical terms which have a certain generality. We 
could, perhaps, set up a rough chart of words of different 
generality: 


Macroscopic Microscopic meaning 
meaning 
Greatest generality | Substance 
i Compound Molecule of a compound 
Least generality, Element Molecule of an element 


greatest precision 


The concept of purity is applicable only at the macro- 
scopic level to the words of greater generality. 

A word needs to be said at this point about macro- 
scopic and microscopic meanings. Suppose we consider 
water as a convenient subject. Water is such an im- 
portant and commonly observed substance that the 
language is full of words for describing it as it appears in 
different states and under different conditions. These 
distinctions are most important from a practical stand- 
point. For example, water runs down hillsides in tiny 
rivulets after a rain. These combine into a rill, or 
streamlet, or brooklet. Brooklets run together into a 
branch, or creek, which may run into a river. _ Present 
tendencies seem in some ways to be toward destroying 
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many of the fine distinctions between words. The 
reasons for this would make an interesting study. 

In chemistry the ignoring of these distinctions can 
cause a great deal of trouble to students. My teacher of 
analytical chemistry at Oberlin College, Professor 
Chapin, used to say at one of the first class meetings of 
the year, that we were not to use HO when we meant 
“water.” Water is a substance, he would say, H20 is a 
molecule. In equations, H,O refers to a molecule of 
water, though it may also mean a mole of water. HO 
therefore really does not represent ‘‘water.’”’ We can 
show this in a striking way by asking if water is H,0. 
It used to be thought to be so, but now we know that 
water is a mixture in dynamic equilibrium described by 
the following equilibria: 

H,O = H* + OH- 
H+ + H,O = H;0* 
H.0 oo H.O = (H:0)., etc. 


But these equations are not very detailed as they stand. 
We might ask some questions about structure, and when 
we do this we start writing H,O as H—O . En- 


H°? 
quiring further we see that by taking account of elec- 
tronic structures we can write H:O: where H and O do 


H 
not mean quite the same as they do when found in a 
table of atomic weights. Now we can understand a 


little better some of the equations: H:O: = H* + 


H 
{:O: H-], ete. 

H.O therefore does not represent ‘“‘water.’”’ Water isa 
macroscopic phenomenon, something we can handle, 
and wring out of a wet dishrag. The “form” of water, 
so to speak, is produced by the functioning of H,O and 
its derivatives, and H;O is produced by the functioning 
of electrons and protons. What we have here are 
various levels of abstraction. They are called levels of 
abstraction because the process of abstraction is a 
process of leaving out details, and in moving from one 
level to the next “higher” we leave out quantities of de- 
tails which describe the phenomenon at the level below. 
These levels might be described as follows: 


Level of : 
abstraction Example Characterization 
First-order, ob- Macroscopic Water Less detailed, quali- 
servable facts tative 
Molecular H,0, etc. More detailed, quali- 


tative, quantita- 
tive 

Still more detailed, 
qualitative, quan- 
titative, structural 


Inferential data |g patomic H:0:H 


We can see now that whereas it is quite proper to speak 
of “pure water,’’ it is certainly incorrect to say “pure 


H,0,” and meaningless to say “pure H:0:.” 
H 
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It will be noticed that so far no definition of purity 
has been given. This has been done intentionally so as 
to help indicate some of the difficulties which may be en- 
countered. It is now necessary to define what we mean 
in chemistry by a pure substance. This brings us to the 
experimental aspect of our problem: how do we deter- 
mine purity in a substance? 

Upon close examination of what we mean by the de- 
termination of purity, we discover that what we really 
mean is the detection of impurity. There is no sure way 
of proving a substance to be pure. Consider, for 
example, some definition such as “a pure substance is 
one in which all molecules are identical.’”’ Assuming 
that we know what we mean by identical how can we 
show experimentally that all the molecules are identical? 
It is experimentally impossible because to make such a 
measurement would require infallible instruments of 
absolute accuracy. We can only determine for a sub- 
stance its degree of purity as judged by tests for im- 
purity. We can only show with any confidence that if 
the substance contains impurities of thus and such a 
kind they cannot exceed thus and such an amount. If 
we use crude methods of finding impurities then the de- 
gree of purity can be stated only to a crude approxima- 
tion. With progressively more acute examination we 
become correspondingly better able to detect impurity. 
It is evident, therefore, that the definition of a degree of 
purity must be made on the basis of the operations used 
to detect impurity. We do not define “purity,” we de- 
fine a degree of freedom from impurity as disclosed by 
certain given measurements. This is what is known as 
the operational definition of purity. It emphasizes that 
purity is a relative matter and depends on the operations 
and instruments used to detect impurity. Since purity 
is a relative matter there is consequently no such thing 
as absolute purity, and any statement such as the one 
rejected above which purports to define an absolute 
purity is operationally meaningless. : 

We can now return to some of the problems which 
caused us concern. The element air of Empedocles’ 
time could certainly have been called pure by him in the 
sense in which the word would have been used in his 
time. We can still talk of air as pure, but usually we 
mean free from dust, as we measure, it with our eyes, or 
free from odors, as we operate with our noses. We 
might use chemical instruments to examine the purity of 
air, and say it is pure if freed from moisture, but if we 
look for a single gas, then air is not pure, but turns out 
to be a mixture. Suppose we isolated the oxygen from 
the air. The oxygen so obtained has a purity which can 
be judged only on the basis of tests for other elements 
and compounds. If these are absent to our best tests we 
may still raise the question of isotopic purity. 

But now we come to a possible dilemma which can 
only be resolved by bold action. The problem can be 
stated, returning to water as our subject. Let us say 
that a sample of purified water shows no amounts of 
metals, salts, or organic compounds which can be found 
by the most sensitive tests. Yet certain physical tests 
show the presence of hydrogen ions, hydroxyl ions, 
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dimeric and polymeric molecules. ‘Can such water be 
pure?” asks the puzzled student, who keeps thinking 
that water is HO. He knows, of course, that hydrogen 
ions are not water. Therefore, if water contains hydro- 
gen ions then it must not be pure. This must be emi- 
nently reasonable. 

From what has been said, it must be apparent where 
the root of this problem lies. It lies in the fact that the 
student has not learned to distinguish between levels of 
abstraction. He doesn’t realize that what he says 
about “water” is not necessarily directly transferable to 
“hydrogen ions.” Once he realizes that the word 
purity is applicable only at the macrosocpic level, and 
furthermore that “purity”’ is relative, depending on the 
instruments or methods used to measure it, he sees that 
pure water is water in which one can find no impurities. 
And he also sees that hydrogen ions, hydroxyl ion, 
hydronium ion, etc., are not impurities if they are 
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present in a certain ratio fixed by the equilibria whose 
functioning at the molecular level produces ‘‘water’ 
(macroscopic). Pure water is pure because we cannot 
separate it into distinct, different.fractions by ordinary 
chemical or physical methods. 

I am indebted to Professors Stuart Brinkley, Harold 
Dietrich, and Erwin Kelsey, who kindly read this 
manuscript and discussed some points with me. 
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DEMONSTRATING INTERFACIAL 
TENSION 
LEON McCULLOCH 


Westinghouse Electric Corp., East Pittsburgh, 
Pennsylvania 


THE interfacial tension or energy be- 
tween water and an immiscible liquid 
(not mercury) can be shown by a motion 
of camphor particles floating upon the 
interface, similar to the familiar experi- 
_ment with camphor upon water in air. 
The experiment becomes more spectacu- 
lar if phenyl acetic acid (CsH;CH2COOH) 
particles are used, because they do not 
dissolve so rapidly. 

The photograph shows some tracks 
made by grains of phenyl acetic acid, 
traced during one second, the time of 
exposure of the photographic plate. The 
crystals are moving and whirling upon 
the interface between water and n-hep- 
tane. The smaller particles move the 
more rapidly. Other liquids can be used, 
e. g., petroleum ether, toluene, and carbon 
tetrachloride (beneath the water, of 
course). This photograph is taken look- 
ing down upon a crystallizing dish (3 in. 
X 6in.), having its bottom painted black 
(on the outside). It is filled to the brim 
with water plus a shallow layer of n-hep- 
tane. The lighting is a floodlamp at one 
side. The photograph was taken by D. W. 
Glasser. 

For the success of this experiment, 


extreme cleanliness is not necessary, although the pres- 
ence of surface-active reagents can bring the motions 
to a sudden stop. 





Trajectories Made During One Second in the Interface Between Water and N-heptane 


by Particles of Phenyl Acetic Acid. 
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7) MULTIPLE-BEAM INTERFEROMETRY OF SURFACES 
AND FILMS (MONOGRAPHS ON THE PHYSICS 
AND CHEMISTRY OF MATERIALS) 


S. Tolansky, Professor of Physics, Royal Holloway College, The 
University of London. Oxford University Fress, New York, 1948. 
Clarendon Press, Oxford, England. viii + 187 pp. 6 tables. 
113 figs. 14 X 22cm. $6. 


The phenomena known as Fizeau fringes and Newton’s rings 
result from interference between two light beams, produced by 
reflection from two closely adjacent surfaces. These phenomena 
may be used to give information regarding the variation of the 
distance between these two surfaces and, hence, if one is accu- 
rately plane, regarding the contour of the other. 

In this book Professor Tolansky shows how much more infor- 
mation of this sort can be obtained if the two surfaces are (incom- 
pletely) covered with a thin coating of silver, so as to give a large 
number of mutually interfering reflected beams. In favorable 
cases differences in surface level of only a few Angstréms can be 
observed and measured. Both theory and technique are dis- 
cussed in detail, with applications to studies of the surfaces of 
crystals of various types. Extension of the technique to metals 
and other opaque materials is discussed, but more briefly. 

Although clearly written and requiring for its understanding 
no chemistry, almost no physics, and no mathematics beyond 
trigonometry, this book is hardly light reading. Scientists and 
science teachers should know that there is a technique of this 
sort and what sort of information can be obtained by its use. 
Few, however, will be interested in the details presented in this 
volume, unless they see possibilities of applying these methods 
to their own problems. For such, this work may prove very 
valuable indeed. 


MAURICE L. HUGGINS 
Kopak REsEARCH LABORATORIES 
Rocuester, New York 


° PHYSICAL ASPECTS OF COLOUR 


P, J. Bouma, Philips Research Laboratories, Eindhoven, The 
Netherlands. N. V. Philips Gloeilampenfabrieken, Eindhoven. 
Elsevier Publishing Co., Inc., New York, 1948. 312 pp. 113 
illustrations. 16 X 24cm. $5.50. 


Tuts book is an introduction to the scientific study of color 
stimuli and color sensations. It is one of a series of books being 
published by the Philips Technical Library. The authors are 
members of the scientific and technical staff of the Philips 
Industries and the books are to be published in five languages: 
Dutch, English, French, Spanish, and German. Dr. Bouma’s 
book is the first of the series to be published in English; it ap- 
peared in Dutch in November, 1946. The author died on Janu- 
ary 19, 1947, and at the request of his wife the English translation 
was made by Mrs. A. Wolters-Dawson, under the supervision of 
W. De Groot. It is stated that the ‘translation follows faith- 
fully the original Dutch text,” with a few additions (marked by 
an asterisk) which it was thought would enhance the usefulness 
of the book. 

Starting from the established laws of color mixing, the author 
gives in a logical and systematic manner an extensive insight into 
the origin and perception of colors. The book should enrich the 
knowledge of scientists in many fields and at the same time serve 
as a guide to the beginner in the study of problems of chromatics. 
Only the knowledge of secondary school mathematics and physics 
is presumed. While the book is intended for all persons inter- 


ested in the origin and measurement of colors, such as physicists, 
illuminating engineers, and technicians, the author expresses the 
hope that “it will also prove of interest to biologists and physi- 
cians (especially Chapter X), and to all those who have to do with 
the manufacture and use of colorants and colored products in 
general.” 

In the main, the author approaches the subject from the side of 
experimental physics and illuminating engineering, the stress 
being on the expression of colors by numbers and on the calcula- 
tion and measurement of colors. The physiological and psycho- 
logical aspects of the corresponding problems are considered only 
in so far as they aid in a better understanding of the physical 
aspects. The relations to art and aesthetics are not discussed; 
neither are the physics and chemistry of colored substances. 

On the whole, the translator has done a good job, though there 
are some “‘spots’”’ where the English expression could be improved. 
A small errata sheet is supplied with the English edition. The 
book is well illustrated. There is an Appendix containing eleven 
tables for the calculation of colors, an extensive list of symbols, 
a bibliography of about 500 references, and a subject index. 
Printing, paper, and binding are good. 


JOHN H YOE 
UNIVERSITY OF VIRGINIA 
CHARLOTTESVILLE, VIRGINIA 


® THE STRUCTURE OF MATTER 


Francis Owen Rice, Professor of Chemistry, The Catholic 
University of America, and Edward Teller, Professor of Physics, 
The University of Chicago. John Wiley & Sons, New York, 1949. 
xiii + 361 pp. 52 figs. llltables. 14.5 X 21.5cm. $5. 


THERE are some books—Eddington’s ‘‘Nature of the Physical 
World” or Best ‘and Taylor’s “Medical Practice,” to pick at 
random—which give one the momentary illusion of holding the 
entire universe in the grasp. Not till later is it realized that 
each book has presented only a thin section of the whole of 
reality. The present book by Rice and Teller creates this same 
illusion of completeness as it swings from the hydrogen atom 
through the theory of solids to nuclear fission and the energy 
of the stars. 

Dr. Rice is professor of chemistry at the Catholic University 
of America, and he has conspired, most ably, with Edward Teller, 
professor of physics at the University of Chicago, to write a book 
explaining the chemistry of matter in terms of quantum me- 
chanics without the intrusion of advanced mathematics. The 
two professors walk a tight rope, balancing between the language 
of their subject on one side, and the reader’s ability to comprehend 
on the other, and they do it very well. If they wobble at times 
it is because they are on a rope. In further quest of simplicity 
the authors have eliminated an author index and all references to 
the literature. The treatment is so able, however, that the 
reader inevitably tries to refer to the missing mathematics or 
the references. One almost wishes that there were a companion 
volume by the same authors to which advanced inquiry could be 
made. 

The book opens with the “uncertainty” and “‘correspondence”’ 
principles, passing thence to the state of excitation of the hydro- 
gen atom and so to the Pauli “exclusion” concept. The dipole 
moment receives a full share of attention and so do present 
theories of valence and resonance. The book is particularly il- 
luminating in its treatment of the solid state. The 50 pages 
devoted to nuclear and cosmic chemistry make good reading 
though they can scarcely be called comprehensive. 

The design of the writing is excellent and so is the format 
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of the book. It is a competent exposition by professional teachers 
and it should be widely read, alike by the scientist in other fields, 
the aspiring student, the rusty chemist, and the inquiring layman 
or high-school teacher. 
K. C. D. HICKMAN 
56 THackEeRAy Roap 
Rocuestger, New YORK 


& RECENT ADVANCES IN ORGANIC CHEMISTRY, 
VOL. II 


Alfred W. Stewart and Hugh Graham, Reader in Organic 
Chemistry at the Queen’s University of Belfast. Seventh edition. 
Longmans, Green & Co., London, 1948. ix + 447 pp. About 
$7.50. 


Reviews of a new edition of a classic work usually devote most 
space to points of change. In the present instance this will in- 
terest chiefly an older generation, for it has been eighteen years 
since publication of the last previous edition of Stewart’s work. 

That edition has now been divided and rearranged into Volumes 
II and III. Chapters in Volume II are consecutively entitled: 
Organic Chemistry in the Twentieth Century; Some Carbo- 
hydrate Constitutions; Some Polysaccharides; Pectic Sub- 
stances and Alginic Acid (new); The Sesquiterpene Group of 
Compounds; The Diterpene Group of Compounds; The Triter- 
pene Group of Compounds; Various Groups of Alkaloids; Re- 
cent Work on the Indole Group of Alkaloids; The Anthocyanins; 
The Depsides and Tannins; The Lignans (new); and Some 
Theories of the Natural Synthesis of Vital Products. Besides the 
new chapters noted, material has been added to all except the last, 
but in differing amounts. Thus Chapter I and that on the an- 
thocyanins are altered by only a few insertions, whereas discus- 
sions of starch and of the diterpenes, for example, have been al- 
most wholly rewritten. In all, 424 pages are now devoted to 
topics previously discussed in 266, chapters on rubber and 
chlorophyll now being omitted. 

To echo an earlier review (THs JoURNAL, 9, 194 (1932)), the 
book “shows a remarkably broad acquaintance with organic 
chemistry and a clear insight into its problems.” There is pres- 
ently some tendency in chemical education, as in other teaching 
fields, to look more at the steps and methods by which we have 
attained present knowledge and less at further exposition of such 
knowledge. The historical approach of the present book fits it 
admirably for use in such a procedure by advanced student or 
teacher. 

For those not familiar with earlier editions, some explanation 
of the title is desirable. Such persons may be surprised by the 
authors’ extreme position in defining organic chemistry (p. 
384): 

“Organic chemistry of today is not properly organic chemistry 
at all, but has swollen into a chemistry of thousands of carbon 
compounds which do not occur in nature. Many of these syn- 
thetic compounds are the result of the immense industry of 
chemists who have been misled by the idea that a new compound 
must necessarily be interesting; and also of the very narrow out- 
look of certain other chemists who think that a graphic formula 
is the be-all and end-all of the science.” 

Nor must ‘‘Recent Advances” be taken literally.» The literature 
cited is distributed about as follows: since 1940, 5%; 1930-39, 
30%; 1920-29, 25%; earlier, 40%. There is no mention of such 
contributions as the separation of amylose (linear) and amylo- 
pectin (branched) fractions of starch with butyl alcohol and that 
of anthocyanins by chromatographic adsorption. The generally 
out-of-date flavor of the first and last chapters is strong when the 
Walden inversion is regarded as a complete mystery, stovaine is 
called a new local anesthetic, and formaldehyde is in good stand- 
ing as a possible intermediate in photosynthesis. 


0. C. DERMER 


Oxuanoma A, anp M. CoLuEcs 
STILLWATER, OKLAHOMA 
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e SCIENTISTS AND AMATEURS—A HISTORY OF THE 
ROYAL SOCIETY 


Dorothy Stimson. Henry Schuman, New York, 1948. xiii + 
270 pp. 20plates. 14.5 X 21.5cm. $4. 


Tuis is an interesting and well-written popular account of the 
development of the Royal Society from the days before the In- 
visible College to the present when, as a powerful central organi- 
zation, it plays a leading part in the control of British science. 
The author is chairman of the department of history at Goucher 
College. Since she is a historian, she makes no attempt to trace 
the development of the technical branches of science within the 
Society. Rather, she sets the evolution of the Society as a whole 
against the background of the social and cultural life of England. 
Much of the history of England is also involved in the account, 
but the reader hardly realizes this, so closely is it woven into the 
history of the Society itself. The book is unusually successful in 
showing the reasons which lay behind the many changes in organi- 
zation and activities of the Society in terms of the changes in the 
life of the community in which it existed. 

The central theme is indicated by the title, for the book tells of 
the struggle for control between the professional scientists who 
were attempting to build a strong scientific organization, and the 
amateurs of science, the virtuosi as they were called, who were 
concerned with the more superficial aspects of science, and with 
the prestige of an F.R.S. after their names. 

Particularly interesting is the account of the attacks made on 
the Society by its enemies. These ranged from the bitter satire 
of Swift to the gentle ridicule of Addison. In the long run, they 
helped to direct the activities of the Society into more profitable 
paths. The names of many famous men, Newton, Evelyn, 
Pepys, Wren, and others, lend color to the story, and little known 
aspects of their personalities are frequently disclosed. 

Like its companion volume, “Sons of Science,” the story of the 
Smithsonian Institution, this book does not devote much atten- 
tion to chemistry as such, for the leading spirits of the Society, 
with the exception of Boyle and Davy, were not chemists. How- 
ever, even more than in the case of the Smithsonian, the Royal 
Society during most of its existence has set the pace for scientific 
development, not only in England, but abroad. A knowledge of 
its history is essential for an understanding of the critical years 
when science was changing from an intellectual pastime to the 
dominant force of our civilization. This book is an excellent 
source of such knowledge. 


HENRY M. LEICESTER 
Co.uecE or Puysicrans AND SURGEONS 
San Francisco, CALIFORNIA 


@ TECHNIQUE OF ORGANIC CHEMISTRY, VOL. II. 
CATALYTIC, PHOTOCHEMICAL AND ELECTRO- 
LYTIC REACTIONS 


Arnold Weissberger, Editor, Eastman Kodak Research Labora- 
tories. Interscience Publishers, Inc., New York, 1948. ix + 219 
pp. 66 figs. Qtables. 15.5 X 23.5cm. $5. 


TuaT vast horde of chemists who endeavor to reconcile the 
pleasures and interests of the present life with the difficult and 
intractable aspects of their experimental science may agitate 
their minds with lively hopes of happiness through the careful 
study of ‘“Techniques of Organic Chemistry.” 

The second volume of this well-known series of monographs 
“devoted to a comprehensive presentation of the techniques 
which are used in the organic laboratory” is divided into three 
parts: catalytic, photochemical, and electrolytic reactions. 

The section on catalytic reactions, written by V. I. Komarew- 
sky and C. H. Riesz of the Illinois Institute of Technology and 
Institute of Gas Technology, is limited to 78 pages. The subject 
matter deals with catalysts, their preparation, and laboratory 
techniques in catalysis. There is an excellent treatment of batch 
and continuous flow systems, of reactions conducted under high 
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and low pressures, and an unusually good exposition of the design 
of high pressure equipment including closures,: valves, gages, 
safety devices, pumps, compressors, flow-meters, etc. Owing to 
the importance of Raney nickel and copper chromite catalysts 
in organic techniques it would seem desirable to include a more 
adequate treatment of these materials in future revisions of this 
work. The authors are to be commended for the inclusion of 60 
figures in the text which aid materially the discussion of such an 
involved subject. 

The second part, 62 pages in length, dealing with photochemical 
reactions was written by W. A. Noyes, Jr., and V. Boekelheide of 
the University of Rochester. This section devotes little space to 
the description of apparatus but delves at once into the funda- 
mental factors which are important in experimental work. It is 
an excellent survey of the theoretical considerations of the nature 
of photochemical reactions, the concept of quantum yield, factors 
influencing the design of photochemical apparatus, light sources, 
and the measurements of their intensities. 

The remaining part of this section relating to the behavior of 
organic compounds on irradiation will be of particular interest 
inasmuch as it is an aspect of organic chemistry which has not 
received as much attention as it deserves. The reactions de- 
scribed are those of aldehydes, ketones, esters, amines, peroxides, 
carbon monoxide, unsaturated compounds, molecular rearrange- 
ments, oxidation, halogenation, polymerization, isomerization, 
carboxylation with oxalyl chloride, chlorosulfonation, thio de- 
rivatives, and polyhalogen compounds. 

The third portion of this work is devoted to electrolytic reac- 
tions with special reference to those of an organic character. 
This section, covering 65 pages, was prepared by Sherlock Swann, 
Jr., of the University of Illinois. Like the proceeding divisions it 
is concise and well done. 

The subject matter embraces the general theory, apparatus 
and technique, reactions at the cathode—reduction, coupling; 
reactions at the anode—electrolysis of salts of carboxylic acids, 
oxidation; reactions with electrolytic halogen and this cyano- 
gen. 

Owing to the limited space granted to the authors, it is not to be 
expected that the treatment of the subjects would be exhaustive. 
Nevertheless, active workers in these fields will find this work to 
be a valuable reference book. 


GEORGE HOLMES RICHTER 
Tue Rice INstTITUTE 
Houston, TExas 


a INDUSTRIAL HYGIENE AND TOXICOLOGY. 
VOLUME I 


Edited by Frank A. Patty, Director, Industrial Hygiene Service, 
General Motors Corp., Detroit. Interscience Publishers, New 
York, 1948. xxvii + 53l pp. Q93tables. 17 X 25cm. $10. 


TuE purpose of this book is to present the subject of industrial 
hygiene and toxicology in understandable terms and in sufficient 
detail to be of use to all persons interested in safeguarding the 
health and welfare of working people by improving their working 
environment. This is a subject of immediate concern to the 
chemist and the chemical engineer as well as the industrial hy- 
gienist and safety engineer, for often the latter are not employed 
in a plant and such work devolves on the former. In safeguarding 
the health of workers through the control of the working atmos- 
phere and environment better working conditions are secured. 
This insures a better product at actually lower cost. 

Experts discuss each topic: industrial hygiene records, re- 
ports, surveys, and personnel; personal and environmental 
factors in competence and fatigue; physiological effects of ab- 
normal atmospheric pressure; mode of entry and action of toxic 
materials; radiant energy and radium; ventilation; occupational 
dermatoses; visible marks of occupational diseases; fire and ex- 
plosion hazards of gases, vapors, and dusts; respirators and re- 
spiratory protective devices; and dust and its role in the causation 
of occupational diseases. 
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The book contains many tables, such as volumes of air exhaust 
required for dust-producing equipment, limits of inflammability 
of gases and vapors in air, primary irritants causing dermatoses, 
common external marks of occupational diseases which are of 
value in controlling the working environment and in recognizing 
a hazard. 

It is regrettable that carbon dioxide is listed as a simple 
asphyxiant (p. 177). This is incorrect, for it is a toxic gas in 
high concentrations. Carbon dioxide is the regulator of the 
breathing function and as the carbon dioxide concentration in- 
ereases lung ventilation increases markedly and breathing may 
become very laborious. Still higher concentrations paralyze 
the respiratory center, thus causing unconciousness, and death 
may result even if oxygen is available. 

The stress in industrial hygiene work has changed from inquiry 
into causes of ill health to interest in anticipating and avoiding 
harmful situations before they have time to cause injury. This 
book serves this objective admirably. 

The book has a little larger page size than usual, 6!/2 X 9%/,in.; 
it is well set up; there has been evident care in proofreading; 
and it is competently illustrated. 

The chemist and chemical engineer will find this book of value 
for those aspects of his work related to the general fields of in- 
dustrial hygiene and of toxicology. 


MORRIS B. JACOBS 
Brooxtyn, New York 


®@ INORGANIC PREPARATIONS 


Harold Frederic Walton, Assistant Professor of Chemistry- 
University of Colorado. Prentice-Hall, Inc., New York, 1948- 
viii +183 pp. Stables. 26 figs. 14 X 22cm. $3. 


Tue author states that this manual grew out of a lecture and 
laboratory course in descriptive inorganic chemistry primarily for 
senior and junior undergraduates. The first 68 pages are devoted 
to general instructions on types of operations, to ionic and cova- 
lent compounds, coordination compounds and complex ions, 
oxidation and reduction, and electrolytic principles and methods. 

In the rest of the book are given 52 syntheses. The syntheses 
are well detailed and carefully written and selected to illustrate 
the preparation of various types of compounds and procedures. 
The text is avowedly educational rather than strictly practical. 
A good feature of the book is the inclusion with each synthesis of 
procedures for testing the purity of the product. The educational 
aspect is emphasized by the insertion at the end of each synthesis 
of self examination questions. The book appears well suited for 
the purpose stated by the author and is not intended for a ref- 
erence book. 

The reviewer is not sympathetic to the idea of separating the 
theory from the practice since experience has shown that students 
rarely read the theoretical unless it is given with the synthesis. 
Nor has the author related theory and pragtice; only occasionally 
has the author referred in a preparation to pages in the sections 
on theory. In spite of this defect, this text should be a very useful 
one for elementary inorganic synthesis courses. 


HAROLD SIMMONS BOOTH 
WestTeRN Reserve UNIVERSITY 
CLEVELAND, OHIO 


.) ORGANIC SYNTHESES. VOLUME 28 


H. R. Snyder, Editor-in-Chief. John Wiley and Sons, Inc., 
New York, 1948. vi+12l pp. 15.5 X 23.5cm. $2.50. 


Tuis is the 28th annual volume of the series of recommended 
methods for the preparation of selected organic compounds, which 
illustrates useful and practical methods of syntheses. This 
volume, like previous ones, gives the equations for the reactions, 
procedures for production with accompanying notes, and other 
methods of preparation for 37 different organic compounds. The 
directions have been contributed by 59 different collaborators in 
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addition to members of the Editorial Board. The suggested 
directions have been further checked or verified by competent 
referees. Preparations are listed under common names and 
Chemical Abstracts indexing names. The cumulative subject 
index comprises all material included in Volumes 20 to 28, 
inclusive, of this series. 

Methods for the preparation of the following compounds are 
included: 2-acetothienone, 2-acetylfluorene, 9-acetylphenan- 
threne, 2-allyleyclohexanone, o-aminobenzaldehyde, p-amino- 
phenyl disulfide, benzoyl disulfide, 9-bromophenanthrene, 4- 
bromo-o-xylene, 3-carbethoxycoumarin, p-chloroacetylacetani- 
lide, m-chlorophenylmethylcarbinol, m-chlorostyrene, 9-cyano- 
phenanthrene, trans-1-2-cyclohexanediol, 4,7-dichloroquinoline, 
2,5-dihydroxyacetophenone, diisovalerylmethane, 3,4-dimethyl- 
aniline, 2,4-dimethylquinoline, 1,4-dinitronaphthalene, diphenyl- 
acetonitrile, ethyl azodicarboxylate, ethyl ethoxymethylenema- 
lonate, fluorenone-2-carboxylic acid, hexamethylene chloro- 
hydrin, hydroquinone diacetate, 2-hydroxycinchoninic acid, dl- 
isopropylideneglycerol, methyl-4-keto-7-methyloctanoate, 4- 
nitro-l-naphthylamine, p-nitrophenyl sulfide, phenanthrene-9- 
aldehyde, 1-phenyl-3-amino-5-pyrazolone, a-phenylthiourea, 
2,4,7-trinitrofluorenone, and vinyl chloroacetate. 

It is gratifying to note that the editors and publishers have 
maintained the samehigh consistent quality of content, editorship, 
workmanship, uniformity, and appearance. These volumes are a 
recognized “institution” in the organic field, and are too well 
known to need further elaboration or justification. This latest 
addition ably continues in every way the high standard of the 
series. 


RALPH E. DUNBAR 
Nort Dakota AGRICULTURAL COLLEGE 
Fareo, Norta DaKkoTa 


& FILM AND EDUCATION: A SYMPOSIUM ON THE 
ROLE OF THE FILM IN THE FIELD OF EDUCATION 


Godfrey M. Elliott, Editor-in-Chief, Young America Films, Inc. 
Philosophical Library, New York, 1948. xi + 579 pp. 14.5 x 
22.5cm. $7.50. 


IN THIRTY-SEVEN chapters, each written by an outstanding 
authority in the educational film field, this book presents an 
up-to-the-minute survey of the nontheatrical film in all its 
applications inside and outside the school, and in the fields of 
religious education, business, government, and industry. One 
section surveys the status of the educational field abroad. In 
view of the growing importance of the motion picture in school 
and community life, such a comprehensive and practical dis- 
cussion of the place of the educational film in all major phases of 
modern life is most welcome to all who work with visual aids. 

“Film and Education” should prove especially valuable to 
teachers since it discusses a few of the best film resources in 
particular subject fields and presents information about allied 
fields. The suggestions and viewpoints offered by the various 
authors are stimulating to those who want to make the best use of 
films. The chapters summarizing particular subjects, such as 
science, health, reading, language, guidance, and so forth, are 
particularly helpful in that they list criteria for judging films and 
make definite suggestions of some of the outstanding films avail- 
able, listing their sources. This practical infofmation, com- 
prising the first competent survey of this field, makes this book 
a most useful guide for school administrators and visual-aid 
directors. 

The establishment of film libraries is an important topic that 
is well treated. There is a practical discussion of setting up 
such libraries in schools or colleges for their own use. The prob- 
lems of supplying larger units, such as the schools of a state, 
are also carefully brought out. The financing and staffing of 


film libraries are matters which receive special attention. 

The major emphasis in the book is upon the uses of films in 
schoolrooms, civic discussions, and business procedures. While 
there are several pointed discussions of film production this topic 
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is of secondary importance in the book. The authors are all well 
aware that the educational film field is a rapidly changing one. 
Consequently they do not pretend that theirs is the last word on 
the subject. The real value of the book lies in its practical and 
comprehensive presentation of the current status of films in 
education and in its abundant suggestions for using them more 
effectively. 


MILLARD W. BOSWORTH 
VeRMonT ACADEMY 
Saxton River, VERMONT 


® THE ALCHEMIST IN LIFE, LITERATURE AND ART 


John Read, Professor of Chemistry in the University of St. An- 
drews. Thomas Nelson and Sons, Ltd., London and New York, 
1947. xii +100p. 29 plates. 6 figs. 14 X 22cm. 10s.-6 
net. 


Tuts small book is the essence distilled from Professor Read’s 
comprehensive and scholarly volume, ‘Prelude to Chemistry” 
(Macmillan Co., 1937). However “The Alchemist in Life, 
Literature and Art” is an independent unit with a quality all its 
own. Out of the great mass of material available today on the 
alchemy of the period from about 1300 to about 1750 the author 
has selected what is fine, what fits his theme, and what “bears 
out the aphorism of Liebig: ‘Alchemy was never at any time 
different from chemistry.’ ’”’ Chapter I gives an excellent, 
short account of the nature, origin, and symbolism of alchemy 
and ends with an almost too brief classification of alchemists into 
types, the extremes of which are “the mercenary impostors or 
charlatans, using a pretended knowledge of the ‘Divine Art’ asa 
means of extracting gold of a strictly non-alchemical origin from 
the money-bags of credulous patrons” and ‘‘devotees of a mystical 
alchemy—(who) knelt in the midst of their crucibles and retorts, 
and murmured prayers. ... 

In Chapter II, ‘“‘The Alchemist in Literature,”’ Professor Read 
points out, “it is a striking fact that the most effective descrip- 
tions of alchemists and their ways of life and speech are to be 
found in general literature,” but the chapter is not concerned so 
much with the alchemist in general literature as with the alchemist 
in English literature. Except for the mention of a few manu- 
scripts and books picturing the wanderings and activities of 
alchemists in southern Europe, the chapter is devoted to the 
“Canon’s Yeoman’s Tale’ of Chaucer’s “Canterbury Tales” 
and Ben Jonson’s play ‘“‘The Alchemist.”” However, the treat- 
ment of these two classics is in some ways original, and the author 
writes with so much ease, charm, and humor that one can over- 
look the limited scope of this section. Professor Read in writing 
of the symbolism of alchemy states that ‘the quest of the philos- 
opher’s stone is the greatest odyssey in the history of science.” 
Agreed. Then why not devote at least a few pages to the stories 
of men who spent their lives and their fortunes seeking it rather 
than concentrate on the activities of the charlatans? The in- 
clusion of an account of Merejkowski’s Galeotto, Court Alchemist 
in the service of Duke Moro of Milan, would have added to an 
understanding of the devotees of the mystic art. 

The climax of Chapter III, the last chapter of the book, is the 
discussion of the work of David Teniers the Younger, to whom the 
book is dedicated. To a chemist with an interest in art, espe- 
cially in engraving, this last section will make a special appeal. 
The reviewer was surprised to learn that many of the original 
paintings described in detail in many cases are in this country, 
a few of them being in the Fisher Collection in Pittsburgh. 
As the reader follows the development of the alchemist in art 
from the early sixteenth century to the latter part of the seven- 
teenth century (Teniers the Younger died in 1694), he cannot 
help but ponder over the significance of the fact that the 
peak in the development of alchemy in its practice, in the number 
of books written on its philosophy and mysticism, and in its 
portrayal in art, was reached about the time of the publication of 
the book which sounded its death knell, Boyle’s ‘“Sceptical 
Chymist”’ (1661). Has this fact any significance with respect 
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to the development of the chemistry of today? Professor Read’s 
treatment of alchemy as a phase in the evolution of modern 
science and civilization will certainly give chemists much to think 
about. 


CLARA DgeMILT 
Newcoms Co.tieacs, TULANE UNIVERSITY 
New Orveans, Louisiana 


E SHORT HISTORY OF THE ART OF DISTILLATION 


R. J. Forbes. E. J. Brill, Ltd., Leiden, Holland, 1948. 362 pp. 
203 figs. 16 X 25cm. About $7. 


Tuts book is a painstaking and very detailed history of dis- 
tillation and distillers with much biographical material and many 
illustrations. It covers the period from the discovery of the 
process, attributed to the Alexandrian chemists in the first 
century, until the death in 1840 of Cellier-Blumenthal, stated 
by the author to be the first successful builder of a large con- 
tinuous still. 

The book claims to be the first work in which the “oldest and 
still most important method of producing chemically pure sub- 
stances” has been exhaustively reviewed. Distillation is dis- 
cussed, not only as a process but in its relations to the cultures and 
civilizations which used it. 

The first main chapter takes up the work of the Alexandrians, 
who invented the flask or cucurbita and the still head or alembic, 
which were used for centuries without great change. The author 
then discusses the work of the Arabs, whose effective science 
began about the eighth century, and who distilled rose water, 
perfumes, and later alcohol and carried out the first application of 
distillation to petroleum. 

In the middle ages distillation advanced significantly. The 
strong acids were distilled for the first time and provision of 
improved cooling facilitated the distillation of alcohol, which 
added variety to medicines and beverages and brought in its 
wake the necessity of taking measures against drunkenness. 

During the period from Brunschwyck to Boyle (1500-1691) 
alchemy became chemistry, and while there was no intimate 
bond between theoretical science and industrial technology, 
scientists became more interested in practical problems. The 
iatrochemists, miners like Agricola, physicians, apothecaries, and 
botanists played their part in the development of distillation, 
Scotch whisky already being famous. New examples of distill- 
able materials, new sources of alcohol, and new designs of dis- 
tilling apparatus were abundant. 

During the period from Boyle to Lavoisier the industrial center 
shifted from Germany and Italy, which were exhausted by wars, 
to the more western portions of Europe. This interval was 
marked by enormous consumption of alcoholic beverages and by 
further expansion and diversification of distillation facilities. 
The Low Countries developed a flourishing perfume industry. 
Wood distillation was conspicuous and coal-tar distillation began. 

In the chapter ‘‘Wedding of spirits and science” the author 
takes up the solution in the early eighteenth century of three 
problems facing distillers: the manufacture of alcohol from 
potatoes, the clarification of the mechanism of fermentation, and 
the development of a theory of heat. Vacuum distillation was 
proposed by LeBon in 1796. 

“‘New vessels for old” relates the effect of the industrial revolu- 
tion on distillation. Many new stills were devised, emphasis 
being laid on the invention by Cellier-Blumenthal of a continuous 
still with a bubble column and a condenser-preheater acting also 
as a reflux column. The book concludes with an account of the 
work of the immediate successors of Cellier, “The Aftermath.” 

Anyone interested in distillation and having a trace of his- 
torical interest will find this a fascinating book in spite of its 
minutiae. It is remarkable how many outstanding names in the 
history of the physical sciences are included when this one topic 
is exhaustively discussed. ‘ 


Cc. D. LOWRY, JR. 


Evanston, IL.tIno1s 
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2 VACUUM MANIPULATION OF VOLATILE COM- 
POUNDS 


R. T. Sanderson, The Texas Company, Fishkill, New York. 
John Wiley & Sons, Inc., New York, and Chapman & Hall, Ltd., 
London, 1948. viii + 162 pp. 39 figs. 17 tables. 15 X 22 
cm. $3. 


A Book on this subject has long been needed. The vacuum 
manipulation of volatile compounds has become almost common 
practice in modern research. Yet the published descriptions of 
such laboratory procedures are few and very meager. Thus, Dr. 
Sanderson’s book attempts to fulfill a real need in the literature 
of chemistry. The aim is very largely realized by the author. 

This book has chapters on materials of construction and opera- 
tion; glass blowing; production of high vacua; low tempera- 
tures; valves; measuring pressure; temperature volume and 
vapor pressure; introducing into and removing from a vacuum 
system; condensation traps and fractionation; and related 
operations. e chapters on the design of a general utility high 
vacuum apparatus and on needed future developments are par- 
ticularly useful. The appendix contains extensive tables of 
data for vapor-pressure thermometers, for copper-constantan 
thermocouples, and for melting and boiling points and vapor 
pressures of pure compounds. 

Whenever a new field of research is being developed at a number 
of different locations, the development is not uniform. Instead, 
separate schools of thought and action grow up and practice 
varies from laboratory to laboratory. Dr. Sanderson’s book is 
not a general or comparative survey of vacuum practice but is a 
concise yet adequate presentation of the methods developed by 
one school of investigators to the almost total exclusion of alk 
others. As a consequence, all users of vacuum techniques will 
not agree that the methods described by Dr. Sanderson are always 
best suited for the purpose. Further, they are likely to feel that 
he has made serious omissions. For example, in the discussion of 
fractionation procedures it is disappointing to find no mention 
of fractionation columns which are in common use in many 
laboratories and are much more effective than the ampoule to 
ampoule distillation which is described in detail. Other minor 
omissions are: proper greasing and turning of a stopcock, silver- 
clad joints, the wrapping of Dewar vessels with friction tape to 
prevent injury on failure, discussion of torches, methods for 
preventing diffusion of mercury from a pump, determination of 
phase diagrams (melting points) of binary systems involving 
volatile materials, and the use of a selenoid type tube opener. 

Your reviewer highly recommends Dr. Sanderson’s book. 
He regrets that the book has certain limitations and hopes that 
these will be corrected in a subsequent edition. 


W. CONARD FERNELIUS 
Tue PENNSYLVANIA STATE COLLEGE 
Stars CoLiecer, PENNSYLVANIA 


a THE THEORY OF SOLUTIONS OF HIGH POLYMERS 


A. R. Miller, Imperial Chemical Incustries, and Research Fellow 
at University of Cambridge. Oxford University Press, New York, 
1948. vi+117pp. 12 figs. 14.5 K 22.5cm. $3.25. 


Tue book is a review and critique of methods of interpretation 
of the thermodynamic properties of high polymer solutions by 
means of statistical mechanics, to which the author himself has 
made important contributions. Although the combinatorial 
problem involved in the determination of the entropy of mixing of 
polymer and solvent has not been rigorously solved it has been 
stated clearly by the author. He is also able to establish more 
rigorous methods of approximation than those employed by Flory 
and Huggins in their original treatment of this problem, by means 
of the quasi-chemical method of Fowler and Guggenheim and the 
Bethe method of calculating configurational partition functions. 

The book begins with a review of the statistical mechanics of 
the regular solution. There follows a long chapter on the evalua- 
tion of combinatory factors in the partition function of mixtures 
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of molecules of different sizes in terms of the quasi-crystalline 
model of the liquid state. The effect of heat of mixing is dis- 
cussed and the comparison of theory with experiment is reviewed 
in the final chapters. 

The book is to be recommended to all investigators in the field of 
high polymers who are interested’ in the mathematical theory of 
their thermodynamic properties. 


JOHN G. KIRKWOOD 
CaLiFoRNIA INsTITUTE OF TECHNOLOGY 
PasaDENA, CALIFORNIA 


A CONCISE HISTORY OF MATHEMATICS, VOLUMES 
I AND II 


Dirk J. Struik, Professor of Mathematics, Massachusetts Institute 
of Technology. Dover Publications, Irc., New York, 1948. 
xviii + 299 pp. in 2vols. 11 X 17cm. $1.50 (set $3.). 


For at least fifty years a certain German publisher has been 
issuing an extensive series of short textbooks on all branches of 
learning. These books, known as the “Sammlung Géschen,”’ are 
as noted for their excellence as for their convenient pocket size. 
Beginning with translations of Knopp’s “‘Funktionentheorie” and 
its related ‘“‘Aufgabensammlung,” Dover Publications has recently 
been publishing mathematical texts of a comparable size. The 
newest of these, Professor Struik’s ‘‘A Concise History of Mathe- 
matics,” follows the Sammlung Géschen tradition of high quality 
and is already proving itself to be very popular. 

The author, who is a professor at the Massachusetts Institute 
of Technology, is known mostly as a mathematician gifted in re- 
search and exposition, and not primarily as a historian. The in- 
troduction to Volume I states that frequently second- and third- 
hand sources were used in writing these books. The reader should 
therefore not expect new historical matter in these volumes, but 
look rather for an enjoyable selection of material. 

The books contain a survey of mathematics from the Old Stone 
Age up to 1900, with abundant references to source material and 
to more detailed histories. The books are kept very much alive 
by a variety of quotations and mathematical examples and by 47 
full-page illustrations, including pictures of mathematicians and 
reproductions of old texts. The author’s style is most enjoyable, 
while his ability to compress such a survey into about 300 pages is 
amazing. 

In the introduction the author regrets that in his survey he 
could not present enough of the “general cultural and sociological 
atmosphere in which the mathematics of a period matured—or 
was stifled.’’ Perhaps because general histories of our civilization 
are usually written by men not versed in mathematics, the re- 
viewer found his little knowledge of mathematical history sur- 
prisingly dissociated from his ideas on history as a whole. Despite 
his introductory apology Professor Struik seems to have had the 
relation between mathematics and general culture constantly in 
mind and has done a good job of integrating the two. This aspect 
of the book ises ecially welcome. 

Volume I has very few slips, but Volume II has enough trivial 
errors to suggest that it was less carefully proofread than Volume 


The books are recommended without reservation to all who are 
interested in the history of mathematics. Those who have taken 
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mathematics in college should find no difficulty in following either 
volume, while high-school mathematics is sufficient for an ap- 
preciation of Volume I. 

The chapter titles of Volume I are: Introduction, The Begin- 
nings, The Ancient Orient, Greece, The Orient after the Decline of 
Greek Society, and The Beginnings in Western Europe. In 
Volume II there are chapters entitled: The Seventeenth Century, 
The Eighteenth Century, and The Nineteenth Century. There 
is a good index, mostly referring to people. 


GEORGE E. FORSYTHE 
Nationau Bureau or STANDARDS 
Los ANGELES, CALIFORNIA ) 


e AN INTRODUCTION TO THE CHEMISTRY OF CAR. 
BOHYDRATES 


John Honeyman, Lecturer in Organic Chemistry, University of 
London, King’s College. Oxford University Press, Amen House, 
London, 1948. 143 pp. 14 X 22cm. $4.50. 


Tue author states in the preface that his aim “has been to 
provide, in a compact form, an up-to-date account of the chem- 
istry of a selected number of carbohydrates. No previous knowl- 
edge of the field is assumed, but the reader is required to be 
familiar with the elements of aliphatic and aromatic chemistry. 
The monosaccharides are considered in detail in order to provide 
an adequate basis for studying farther the more complex carbo- 
hydrates. In addition to the crystalline di-, tri-, and tetra- 
saccharides, a few of the simpler polysacchardies of colloidal 
dimensions are discussed. The account of these does not claim 
to be exhaustive, but it is hoped that the introduction given here 
will enable the student to read, with greater ease, some of the 
more complete, specialized studies now available. While the 
material included provides a suitable course for students reading 
for an Honours Degree in Chemistry, it is hoped that the book 
will appeal to a wider public. Academic and industrial chemists 
in related branches of organic chemistry who wish to keep abreast 
of recent developments in theory and technique should find the 
book of value.” 

The book deals principally with questions of structure and 
configuration. It could be improved by the addition of a few 
pages that would give literature references for many important 
citations and would also give a definition and discussion of Emil 
Fischer’s first convention for writing sterio-formulas, which is a 
matter of fundamental importance. The author shows an un- 
usual ability for presenting recondite matters in clear and logical 
form, usually without oversimplification. However, his state- 
ment of the proof of the configurations of*the aldopentoses and 
aldohexoses is oversimplified and it is even misleading from the 
historical standpoint; writers should not fail to encourage stu- 
dents to appreciate the original proof through which Fischer 
disclosed these configurations. It is one of the milestones that 
mark the progress of chemistry from an empirical art to an exact 
physical science. The book should be very helpful to teachers 
who may give an advanced course of lectures on the chemistry 
of the carbohydrates because it shows how the essentials of the 
subject can be presented in a concise form. 


Cc. 8. HUDSON 
NaTIONAL INSTITUTE OF HEALTH 
BetHespa, MARYLAND 
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No. 600 
WELCH ATOMIC MODEL KIT 


Price $35.00 


This collection consists of conventionalized electrons, 
protons and neutrons together with first, second and 
third-orbit models with which to construct the atoms 
of the first eighteen elements. A color scheme is used 
for easy identification of electrons, protons and neutrons. 
In addition to atoms, simple molecules such as water 
may be easily and quickly constructed. Radicals 
such as OH, NH,, and SO,, are compiled from H, O, 
N and S atoms. In fact the chemical structure of any 
simple compound can be illustrated and analyzed, 
atomic and molecular weights checked, valence de- 








Designed by 


Clarence R. Wentland 


WITH THIS COLLECTION YOU CAN— 
Assemble any atoms from numbers | to 18 
Construct Molecules, Radicals, lsotopes 
Study process of lonization 


termined and chemical properties found by means 
of interrelation of the component parts of the atoms 
involved. The kit is neatly packed in a sturdy case 
with hinged covers, 18 x 13% inches overall, pro- 
viding compact storage when not in use. A _photo- 
graphic reproduction of our No. 4854 Chart of the 
Atoms is pasted inside the cover of the case so that 
the required characteristics of any desired elements 
may be quickly determined. The kit consists of 50 
electrons, 50 protons, 70 neutrons, 10 first-orbit spacers, 
20 connectors, 6 second-orbit rings, 4  third-orbit 
rings, in sturdy case, with illustrated instruction sheet. 
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A casual conversation on a phase of engineering educa- 
tion recently brought up a similar point in our field: 
the mutual responsibilities of industry and the univer- 
sity in the training of scientific and technical personnel. 

The thought is not a new one, that the university 
should concentrate on training in fundamentals and that 
industry should provide some sort of “follow-up’”’ on 
the special applications. There is general agreement on 
the desirability of this distribution, but little on the 
particular form which each of the two halves should 
take. Industry is not always willing or capable of dis- 
charging its share of the responsibility. Small organi- 
zations, with only a few technical employees, find it im- 
practical to provide an adequate in-service educational 
program. The university, on the other hand, in its 
enthusiasm to fit the man to the job, is not always clear 
on just what constitutes the “fundamentals.” 

Nor is there any very clear criterion. What is 
specialized today is fundamental tomorrow. Two good 
examples of this come to mind immediately. It is less 
than a decade since the subject of ‘‘plastics’”’ was one of 
the most specialized of technologies. Now, however, 
although some of its branches are even more specialized 
than ever, still, the field has become so broadened that a 
whole curriculum with a substantial basis is being built 
up around it. The “plastics engineer” is even pushing 
his foot into the door of the professional sanctum. 

Another example is a trifle more high-brow. Nu- 








cleonics, although not yet a technological field, may 
ultimately become one. At any rate, only yesterday 
was it a mere gleam in the chemical physicist’s eye. 
Nothing could have been more specialized. Tomorrow 
it may be an applied industrial specialty, with a new 
technology. 

In the first of these examples the development has 
been from the specialized to the fundamental; in the 
latter it has been rather the reverse. 

The training programs of some of the larger industrial 
organizations have become important parts of the 
whole educational picture. Sometimes these involve 
very fundamental aspects, for which the university 
should be better equipped. The importance of the 
fundamental training is shown not only by this but also 
by the extreme utility and popularity of the program 
administered during the war by the “Engineering, 
Science and Management War Training” organization. 
This program concentrated almost exclusively on funda- 
mental training for industry, filling the gaps as quickly 
as possible, and making brief or unnecessary the usual 
apprenticeship period within industry. 

It is often thought that a small industrial unit needs 
more specially trained men because it cannot afford its 
own training program. On the other hand, it is pre- 
cisely in such a small organization that the employee 
needs broad training in fundamentals because of the 
variety of problems that he must inevitably meet. 











minor distinction? 


periodicals of the country. 








Can we hope that our readers will rejoice with us in what is at least a 


The series of articles on “Chemical Education in 
- American Institutions’ has won for the JouRNAL a second prize in the 
annual awards for conspicuous accomplishment, made by Industrial 
Marketing for competition between the various trade and professional 
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Walker Laboratory of Chemistry 


P,rapnrasine the poet laureate of ancient Greece, a 
resident of twentieth century Troy might well state that 
the generations of students at R.P.I. replace each other 


as the leaves on the trees. For one who has seen one 
generation go and another take its place, it is interesting 
to note the changes brought about at the oldest ensi- 
neering school of the country in the short space of 25 
years. To Amos Eaton, its founder, were he alive to- 
day, the metamorphosis in 125 years from a school with 
one full-time professor and less than 30 pupils into a 
“noly’’-technic institute with over 4000 students would 
seem nothing short of miraculous. , 

The late President Ricketts, shortly before his death 
in 1934, published the third and last edition of his his- 
tory of the Institute and little of interest could be added 
here in the way of general information. This article, 
therefore, deals with the Institute’s history only in so far 
as it concerns the teaching of chemistry. This branch 
of the so-called “natural sciences” played an important 
part in the early years, then suffered a gradual decline. 
It regained its former status, first slowly around 1885 
and more rapidly since 1910, so that, at present, chemis- 


H. S. VAN KLOOSTER 
Rensselaer Polytechnic Institute, Troy, New York 


try and chemical engineering occupy a prominent place 
among the 12 courses of study now pursued at the In- 
stitute. 

It is only a few years ago that Miss E. M. McAllister, 
Eaton’s latest biographer, came across a letter written 
by Eaton to Stephen Van Rensselaer, which indicates 
that it was the need for equipment and apparatus used 
in teaching “practical chemistry,’’ which induced the 
“patroon” to act as patron of science. This letter, 
written on the back of a circular issued by Eaton and 
dated Aug. 24, 1824, contains the following passages: 


After my last interview with you, I concluded to make a trial 
as before stated in this circular, with a few young men at my 
own risque.; Since this was printed, about 30 young gentlemen 
have proposed spending the winter with me. This number 
will require considerable apparatus. As usual, I again turned 
my mind to the almost only patron of science in our country. 
If you could make up your mind in favor of furnishing apparatus 
to the value of about three hundred dollars (let me select it 
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economically) I could go on and pay myself with student’s fees. 
The apparatus to remain your property, and I would engage 
to keep it in good repair, and to supply all articles which happen 
to be broken or injured. 

In addition to the benefit of the loan of apparatus (which I 
feel unable to purchase) I could then have the great additional 
benefit of announcing the School as under your sanction and 
pitronage. This will be the first attempt in the world. And 
I am very desirous that the plan be fostered by the same pa- 
tronage which originated the most extensive geological survey in 
the world. 


Eaton had fixed up six rooms in his place of residence 
for a classroom, a library, three laboratories, and a 
museum of specimens. This unpretentious ‘“Rens- 
selaer School” (Figure 1), a two-story brick colonial 
building with a one-story addition on the side, located 
in North Troy, was formerly used as a bank and hence 
was known as the Old Bank Place. It was occupied 
from 1824 to 1834 and again from 1841 to 1844. Here 
“Amos Eaton, Esq., of Troy, Professor of chemistry 
and natural philosophy and lecturer on geology, land 
surveying, etc.” taught his first classes according to an 
entirely novel scheme, outlined in the first school catalog 
of 1826 in the following manner: 


The most distinctive character in the plan of the school consists 
in giving the pupil the place of teacher. From schools and 
colleges where the highest branches are taught to the common 
schools, the teacher always improves himself more than he does 
his pupils.... 

Taking advantage of this principle, students of Rensselaer 
School learn by giving experimental and demonstrative lectures. 
In every branch of learning the pupil begins with its practical 
application and is introduced to a knowledge of elementary 
principles from time to time as his progress requires. After 
visiting a bleaching factory, he returns to the laboratory and 
produces the chlorine gas and experiments on it until he is 
familiar with all the elementary principles appertaining to that 
curious substance... . 


The same catalog stated further: 


For admission each student must pay $25.00 to the treasurer. 
Board in the commons amounts to about $1.50 a week. Ex- 
penses for chemical substances and damages to apparatus ought 
not to exceed 2 or 3 dollars for each term. 


Each student was required to give in the winter term 
15 lectures on chemical powers and substances not 
metallic and 15 lectures on metalloids, metals, soils, 
manures, mineral waters and animal and vegetable mat- 
ter. In the spring term these lectures were 10 and 10, 
respectively. Asa text Eaton’s ‘Chemical Instructor” 
was used. 

Degrees of Bachelor of Arts in Rensselaer School were 
given after one year of residence on the satisfactory 
passing of a final oral examination. Eaton, a prolific 
writer on all branches of natural science, made impor- 
tant contributions to geology and several of his pupils 
became noted geologists. His chemistry texts were re- 
viewed by the writer some years ago.! Although highly 
successful as a teacher, Eaton was hopelessly inefficient 
as an administrator and his financial backer Van Rens- 
selaer had to supply over $20,000 in 8 years to support 
the school. His total contributions from 1824 to 1839, 


1Vawn Kiooster, H. S., Tuts JourNAL, 15, 453 (1935). 
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the year of his death, amounted to well over $30,000. 
Of Eaton’s pupils there are only a few that made a name 
for themselves in chemistry, viz., Robert Peter, James 
Booth, and Eben N. Horsford. Quite a number of 
entering students were college graduates and several of 
them became physicians in later life. 

Eaton’s original idea was to train young people to 
become teachers of science. This is clearly stated in a 
letter which Eaton wrote to the first president of the 
school, the Rev. Dr. Blatchford in which he said: 


My principal object is to qualify teachers for instructing the 
sons and daughters of farmers and mechanics by lectures or 
otherwise with the application of experimental chemistry, 
philosophy and natural history, agriculture, domestic economy, 
arts and manufactures. 


To this end he induced his patron to offer free tuition 
to prospective candidates who agreed to teach at least 
for one year in country schools after graduating from 
Rensselaer School. This scheme, however, fell through. 
The times were not yet ripe for the establishment of 
teacher’s colleges. There was, evidently, at that time, 
greater need for engineers. This demand was met by 
the greater emphasis laid on engineering subjects in 
Eaton’s later years. From 1835 on, degrees of Civil 
Engineer (C.E.) were conferred and the old A.B. degree 
was replaced by that of B.N.S. (Bachelor of Natural 
Science). At the same time (around 1833) the school 
was designated as Rensselaer Institute. Eaton’s inter- 
est in chemistry having subsided meanwhile, he devoted 
the remaining years of his life (1835-42) to civil engi- 
neering and geology. The teaching of. chemistry was 
turned over to his pupil James Hall (1811-97), for 62 
years (1835-97) State Geologist of New York. Besides 
chemistry, Hall also taught “physiology, including the 
elements of organic chemistry.” In Hall’s time the 
tuition had gone up to $45 a year, board and lodging to 
$3 a week, while extra expenses in chemistry amounted 
to $8. Hall was succeeded in 1841 by another of 
Eaton’s pupils, George H. Cook (1818-89), a C.E. and 
B.N.S. of the class of 1839, described in the catalog of 
1841 as “an experienced chemist, who has been a suc- 
cessful teacher at this Institute for 3 terms.” On 
Cook’s shoulders fell the task of carrying on as senior 
professor and professor of civil engimeering, geology, 
etc., when Eaton died in 1842. This was a heavy load 
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to carry with only one part-time coworker: Dr. John 
Wright, M.D. (later F. B. Leonard, M.D.), teaching 
botany and zoélogy. Cook resigned in 1846 and be- 
came later connected with Rutgers College, winding up 
his brilliant career as State Geologist of New Jersey. 
In 1847, Cook’s place was taken by Eaton’s pupil, 
Benjamin Franklin Greene, C.E., A.M., of the class of 
1842, who became the first director, and professor of 
mathematics and physics, being at the same time 
placed ‘‘provisionally in charge of mineralogy, chemis- 
try, and geology.” Greene fully justified the hopes of 
his parents who had named their offspring after 
America’s foremost scientist. He was a man of initia- 
tive and foresight who felt that the time had come for a 
radical change. His coming to Troy coincided with the 
founding of the Lawrence Scientific School at Harvard 
by Eaton’s pupil, Horsford, of a similar school at Yale 
(later the Sheffield Scientific School), and the establish- 
ment of a course in civil engineering at the University of 
Michigan in 1847. In less than 4 years Greene trans- 
formed the institute into a polytechnic institute with 
courses spread over a period of 3 years, later extended 
to 4 years by the inclusion of a “preparatory class.” 
Greene at once increased his teaching staff by the 
addition of 2 “repeaters” and 1 instructor. The re- 
peaters were the American equivalent of the répétiteurs 
of the Ecole Polytechnique and the Ecole Centrale des 
Arts et Manufactures, the two models which the Insti- 
tute most closely resembled. The roles which chemis- 


try and physics were to play in the new setup were out- 
lined in the catalog of 1854 as follows: 


In chemistry and physics, the student is expected to avail 
himself of the resources of experiment and observation. The 
study of chemistry with its facts and philosophy is made a school 
of mental and mechanical training of fundamental importance, 
not for the acquirement of chemical knowledge only, but as 
presenting a most favorable introduction to the general study of 
experimental science and as constituting an element of prepara- 
tion essential to the business of research. 


It was Greene’s intention to acquire at once a resident 
full professor in general and analytical chemistry and 
also, as soon as the necessary funds could be secured, a 
professor of chemical technology. Meanwhile, these 
professorships were temporarily filled by Greene, first 
alone and later in part also by his colleague, E. A. H. 
Allen, of the class of 1850 who held the chair of geology 
from 1850 to 1854 and that of natural history from 1854 
to 1855. 

With the appointment of William Elderhorst (1828- 
61) as professor of theoretical and practical chemistry 
and mineralogy, in 1855, the Institute entered upon its 
“Woehlerian” period of analytical chemistry. Elder- 
horst,and his immediate successors, Goessmann and 
Nason, were all pupils of the renowned German master, 
Friedrich Woehler.? Elderhorst, a native of Celle in 
Hanover, introduced blowpipe analysis into the curricu- 
lum and published a ‘‘Manual of Blowpipe Analysis” in 
1856. A-second edition appeared shortly before he died 
of yellow fever on a trip to Venezuela in the summer of 





2 Van Kuooster, H. S., Tuts JouRNAL, 21, 158 (1944). 
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1861. Though he was connected with the Institute for 
only 6 years, he was highly esteemed as a competent 
teacher and 13 years later (in 1874) a memorial window 
was dedicated to his memory. 

Elderhorst’s successor was Charles A. Goessmann 
(1827-1910), a former assistant of Woehler who had 
emigrated to America in 1856 and came to Troy in 1861 
as professor of physics and chemistry. This position 
was on a part-time basis since Goessmann retained his 
job as chemist to the Salt Company of Onondaga in 
Syracuse, New York, which he filled from 1860 to 1865, 
The teaching of chemistry occupied Goessmann during 
the winter months when there was little activity in the 
salt works. Goessmann resigned in 1864 whereupon his 
place was taken by his former pupil, Henry Bradford 
Nason (1831-95), who had obtained his doctor’s degree 
under Woehler in 1857 with a thesis on the formation of 
ether. Nason was a versatile man of many accomplish- 
ments who was already connected with the Institute 
since 1858 as professor of natural history, while at the 
same time holding a similar professorship at Beloit, 
Wisconsin. With Goessmann’s departure Nason be- 
came a full-time professor at the Institute, teaching 
chemistry and mineralogy for 30 years (1864-94) and. 
geology from 1878 on. During this time he reédited 
Elderhorst’s ““Manual of Blowpipe Analysis” (1873) and 
brought out a completely revised fourth edition in his 
own name in 1880. Besides this popular text he pub- 
lished in 1865 and in 1870 “Tables of Reactions for 
Qualitative Analysis” and in 1868 a translation of 
Woehler’s “Handbook of Mineral Chemistry.” Al- 
though not an alumnus of the Institute, Nason became 
secretary of the Alumni Association and in that capacity 
published in 1887 his “Biographical Record, 1824-86.” 
A general favorite with students, famous as Winslow 
Laboratory Quizmaster and original narrator of the 
“Antimony Pill” story, Nason was equally popular 
among his fellow chemists who elected him president 
of the American Chemical Society in 1890, in those 
“good old days” when there were only 238 members in- 
stead of some 60,000 in 1949. 

A great many changes occurred in Nason’s time. 
The great fire of May 10, 1862, caused by the sparks of a 
passing locomotive setting fire to the shingled roof of the 
covered bridge over the Hudson River, destroyed a con- 
siderable part of the city of Troy, including the two 
Institute buildings. A new Main Building was erected 
on Eighth Street in 1864. This was followed the next 
year by the construction of the first chemical laboratory, 
the ‘‘Winslow Laboratory,” named after a former presi- 
dent and benefactor of the Institute (Figure 2). 

This three-story brick building, embodying Nason’s 
plans for an up-to-date course in chemistry and metal- 
lurgy, contained on the ground floor the metallurgical 
laboratory, on the second the chemical laboratory, and 
on the third the library and the lecture, recitation, and 
apparatus rooms, “fitted up in the most approved man- 
ner for complete courses in general and analytical chein- 
istry.” 

The original Eatonian method of teaching was still 





TION 


e for 
stent 
dow 


nann 
had 
1861 
ition 
d his 
a in 
L865. 
ring 
1 the 
n his 
ford 
gree 
on. of 
lish- 
itute 
; the 
soit, 

be- 
hing 
and 
lited 
and 
1 his 
pub 
; for 
a of 
Al- 
ame 
city 
86.” 
slow 
the 
ular 
Jent 
hose 
5 in- 


ime. 
of a 
the 
con- 
two 
eted 
next 
ory, 
resi- 


on’s 
tal- 
rical 
and 
and 
dan- 
em- 


still 





Figure 2. Winslow Chemical Laboratory North of Old Main Building 


used under Director Greene. In a privately published 


biography of the noted educator, Nathaniel T. Allen 
(1823-1903), the following statement occurs: 


.. having listened to a lecture, we were called upon the following 
day to repeat the lecture. This was done in squads of eight with 
a gentleman “repeater’’ as critic, an admirable discipline. The 
whole experience at the Institute I have always considered ex- 
tremely valuable. ... 


With the larger classes in the sixties, it was no longer 
possible to require daily lectures from each student and 
daily interrogations and blackboard demonstrations 
were substituted. The one-year course leading to the 
degree of Bachelor of Natural Science had been trans- 
formed by Director Greene into a two-year course in 
1850 and on his departure in 1859 it was made into a 
three-year course (or including the preparatory year, a 
four-year course) designed largely for future chemists. 
This course did not flourish and was discontinued after 
1871. A total of only 14 B.S. degrees were conferred 
from 1850 to 1871. The B.S. course was revived in 
1885, again as a four-year course of which the first two 
were identical with the C.E. course while in the last two 
years less higher mathematics and engineering was in- 
cluded but more natural 
history, chemistry, and 
geology. This revival coin- 
cided with the appointment 
of William Pitt Mason, 

Nason’s assistant, as profes- 
sor of analytical chemistry. 

Mason, a C.E. of the 
class of 1874, had been con- 
nected with the Institute 
since his graduation and en- 
loyed a great reputation as 
ateacher. He was, judging 
‘rom the student yearbooks 
of the eighties, not only 
‘the most popular and ad- 
mired instructor” but also 
“our only original searcher 
in the tangled paths of 
science.” For his numerous 
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publications extending over a period of 40 years (1882— 
1922) reference is made to the list published in 1947.* 
In 1885 4 B.S. degrees in the newly revised course were 
conferred and the B.S. graduation theses from then 
on dealt mainly with topics suggested by Dr. Mason 
whose specialty, then and later, was water analysis 
and water supply. On the death of Nason in 1895 
Mason became his successor and was put in charge of 
all the courses taught in the Winslow Laboratory. 

Thanks to the student yearbook of 1897 (p. 137) one 
can readily get some idea of the kind of instruction im- 
parted to engineering students of 50 years ago (Figure 
3): * 


From October, when the long aprons are donned for the 
first time, until March, the wash bottle and evaporating dish, 
sulphuric acid, and H,S are faithfully used for 3 hours and 
“boil, filter, wash” is the motto of the day. Then the juniors 
leave the laboratory for a season while Dr. Mason tells delightful 
stories to Division A, at the same time giving lectures on metal- 
lurgy. The first time a class sees the “lab” is in sophomore 
year when it is admitted to the third story and takes the course 
in general chemistry. 

Then the main floor is turned over to its members. Lastly, 
it finds in the lower regions of the basement a most appropriate 
place for the course in assaying. Here the juniors come together 
anc in the same long aprons, unrecognizable by long contact 
with acids and water, they toil before the long row of pot ovens 
or swelter in the glow of the muffle ovens as they watch the 
“silver buttons” or lift the covers from the clay crucibles, buried 
in the fierce glow of the white-hot furnaces. 

One word of parting must be said to ““Bummer,” Lab. George, 
who makes every fellow feel as if he were doing George a kindness 
by asking him a question and who is always ready to do anything 
for anybody. 


The year 1904 proved to be another eventful mile- 
stone in the history of R.P.I. The Winslow Labo- 
ratory, having been partially destroyed by fire on two 
previous occasions (August, 1884, and October, 1902), 
in May, 1904, suffered, for the third time, from a case of 





3 Van Kuooster, H. S., ann J. B. Croke, Tuts JourRNAL 
24, 210 (1947). 








Figure 4 


internal combustion. In the same year (June, 1904) 
the Main Building of the Institute was also destroyed by 
fire. This last disastrous fire, which gave Trojans a 
chance to speak facetiously of their “pyrotechnic” In- 
stitute, proved to be a blessing in disguise. Wealthy 
friends came to the rescue of the Institute. As a result 
the present Walker Laboratory, named after a graduate 
of the class of 1886, was erected in 1906. 

This building, built according to plans drawn up by 
Mason, took care of 130 men in qualitative analysis and 
74 in assaying. It was remodeled in 1913 and more 
than doubled in size by an addition completed in 1920. 
Ample space and additional equipment gpened up new 
opportunities for the training of chemists and special 
two-year courses were given in the new building. These 
courses, in which water analysis and sanitation chemis- 
try were particularly stressed, continued until 1925 and 
trained a number of analytical chemists some of whom, 
later on, occupied important positions in water works 
and filter plants. 

At the same time (around 1908) new lecture and labo- 
ratory courses were organized in physical and in organic 
chemistry. Physical chemistry, which dates back to 
1887 when the Zeitschrift jiir physikalische Chemie was 
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started, first was taught in America in 1895 at Cornell 
University by Wilder D. Bancroft, a former student of 
van’t Hoff. It was Bancroft’s pupil and coworker, 
Azariah T. Lincoln (1868-), the first Ph.D. in chemis- 
try at the University of Wisconsin, who introduced this 
subject at the Institute, where he taught from 1907 to 
1921 (Figure 4). American texts in this field of en- 
deavor were scarce in those days, English and trans- 
lated German texts being mainly used. Dr. Lincoln, 
therefore, prepared a text of his own published by 
Heath & Co. in 1918. This text, one of the earliest in 
the field, was reprinted in 1920 and was used for a num- 
ber of years at the Institute. Other courses introduced 
by Lincoln were industrial chemistry and food analysis. 

Organic chemistry which had been part of the general 
course in chemistry for a great many years was not 
taught as a separate, theoretical as well as practical 
course until the Walker Laboratory was opened. It 
was Frederick W. Schwartz (B.S. 1905, Ph.D. Columbia 
University 1911), Mason’s long-time assistant and his 
successor as professor of analytical chemistry, who, 
from 1908 until 1925, was in charge of this course. 
When these new courses were introduced they took the 
place of other courses which were eliminated or else given 
in some other department. The course in assaying for 
engineering students was dropped in 1915 and a few 
years later also for B.S. and special students. Metal- 
lurgy was turned over by Mason to a former student of 
his, Enrique Touceda (C.E. 1887), who had become a 
practicing metallurgical engineer of wide repute. Blow- 
pipe analysis gradually became a minor part of qualita- 
tive analysis and in the early twenties it was dropped 
altogether. 

This revamping of the chemical curriculum proved to 
be of great value to the new department of chemical 
engineering. Under the vigorous leadership of Direc- 
tor Palmer C. Ricketts, from 1901 to 1935 also president 
of the Institute, two new departments, viz., those of 
mechanical and electrical engineering had already 
been established a few years earlier (in 1908). In 1913 
it was decided to start a fourth department, viz., chemi- 
cal engineering. In doing so, the Institute followed the 
lead of Columbia, Illinois, Lehigh, Massachusetts Insti- 
tute of Technology, Missouri, Pennsylvania, Purdue, 
and Wisconsin, where chemical engineering depart- 
ments had already been functioning for some time. 

With the resignation of Dr. Mason in 1925, after 50 
years of service, the directorship of the Walker Labo- 
ratory was taken over by Albert W. Davison (Figure 5). 
Born in 1888, he was educated at Denison University 
(B.S. 1910), at Ohio State University (M.A. 1911), and 
Cornell University (Ph.D. 1914). After three years of 
teaching at the University of Cincinnati, he entered the 
United States Army as captain in the Chemical Warfare 
Service. From 1919 to 1921 he was general manager of 
the Virginia Haloid Corporation. In the fall of 1921 
he came to Troy as professor of physical chemistry on 
the recommendation of his-former teacher, Bancroft, 
taking the place of Dr. Lincoln who had resigned to be- 
come head of the chemistry department at Carleton Col- 
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lege. Davison recognized that the fundamental differ- 
ence between chemists and chemical engineers lies pri- 
marily in the quantities of chemicals which they handle, 
necessitating totally different types of containers and 
apparatus. With the active assistance of the members 
of his department, Davison completely overhauled the 
chemical engineering curriculum, relegating several of 
its courses to the B.S. course or dropping them al- 
together and replacing them with courses in chemical 
plant design, factory management, unit operations, and 
related subjects. At the same time machinery and 
equipment for pilot plant operations were installed to 
bring the course up to the standards set by the American 
Institute of Chemical Engineers, which placed the Rens- 
selaer Institute on its accredited list in June, 1925. 
The greatly altered character of the course was also re- 
flected in the type of theses presented by graduating 
chemical engineers. Whereas formerly these dealt with 
small-scale experimental investigations, the later ones 
consisted largely of plant designs for large-scale chemi- 
cal production. 

Charged with the added duties of a professorship in 
chemical engineering Davison relinquished the teaching 
of physical chemistry to the writer. In the same year 
(1925) Dr. Schwartz was relieved from the task of giv- 
ing courses in organic chemistry and from then on until 
his retirement in the fall of 1948 confined his activities 
exclusively to courses in analytical chemistry. Organic 
chemistry was taken over by Dr. J. B. Cloke, a pupil 
of Stieglitz, first alone and later with the assistance of 
Dr. W. Rauscher and others. 

The greatly augmented staff and the new laboratory 
equipment installed in the twenties under the Davison 
regime was necessitated, in part, by the establishment of 
new courses in chemistry, physics, and biology. The 
old B.S. degree in general science, which, in practice, 
was given to those who intended to become chemists, 
was replaced by the B.S. in chemistry degree. In addi- 
tion to this degree three other B.S. degrees (in physics, 
biology, and business administration) were established. 
In the chemistry curriculum a new course, colloid chem- 
istry, an offspring of physical chemistry, was given for 
the first time in 1928. Another new course, metallog- 
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Figure 5 


raphy, likewise a branch of physical chemistry, was 
taught to chemists and chemical engineers beginning in 
1924 and to students in civil and mechanical engineer- 
ing for the first time in 1923. This latter course took 
the place of the course in qualitative analysis which was 
discontinued for C.E. and M.E. students. With the 
establishment of a course in metallurgical engineering 
in 1936, the teaching of metallography was transferred 
from the chemistry to the metallurgy department. 

On the completion of the Ricketts Laboratory the 
existing chemical engineering equipment was moved 
from the Walker Laboratory to the east wing of the 
Ricketts Laboratory where additional new types of 
equipment were installed. The evacuated space in the 
Walker Laboratory became available for more courses 
in physical and colloid chemistry and plastics. 

The accompanying graph (Figure 6) indicates the 
number of degrees given in chemistry and in chemical 
engineering (since 1937 the Ch.E. degree was replaced 
by that of B.S. in chemical engineering) from 1915 to 
1949. During these years the number of graduates in 
chemical engineering averaged around 40 annually, 
while the number of graduating chemists has never ex- 
ceeded 14 and dropped to one in 1944. This was due 
to the fact that from July, 1943, to July, 1946, the In- 
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stitute operated on the Navy V-12 program, in which 
there was no place for chemists. 

Dr. Davison resigned in the fall of 1942 to accept the 
position of Director of Research of the Owens-Corning 
Fibre Glass Corporation in Newark (Ohio). In recog- 
nition of his long and fruitful services to the Institute, 
the honorary degree of Doctor of Engineering was con- 
ferred upon him in December, 1942. It was decided 
at that time to divide the department of chemical engi- 
neering and chemistry into two separate departments. 
This plan has just been carried out. Dr. John B. Cloke 
has been appointed head of the chemistry department. 
Dr. Lewis 8. Coonley is head of the department of chemi- 
cal engineering. 

Just previous to and during the recent war a number 
of changes occurred to which brief reference should be 
made. In the first place, the old “intensive” system of 
teaching, viz., two classes of two hours each (lecture fol- 
lowed by recitation) and a two-and-a-half hour labo- 
ratory period for two successive seven-week periods, 
five days a week, followed by a four-week review and 
examination period without laboratory work, was aban- 
doned in July, 1943, when the Navy curriculum went 
into effect. As a result, all courses are now given on a 
semester basis and are run on essentially the same plan 
as that in use at other engineering schools. 

Another innovation occurred in 1942, 100 years after 
Amos Eaton’s death when the Institute opened its 
doors to women, thus becoming a coeducational institu- 
tion. Eaton, as is well known, was no misogynist (he 
was married four times!) and thoroughly believed in 
teaching science to women. Due to the opposition of 
Van Rensselaer, Eaton was forced to instruct girl stu- 
dents privately in a separate room of his residence, in- 
gloriously called the “sheep pen’ by the regular male 
students.‘ Now, at long last, full equality of oppor- 
tunity exists and the Institute, at present, has already 
a few graduate alumnae in chemistry. 

In the past ten years the Institute has also abandoned 
the system of rigidly prescribed courses, to the extent 
that students in their senior year and in some cases al- 
ready in their junior year, are permitted to drop one or 
two scheduled courses and substitute other courses from 
a list of “technical” and “nontechnical” courses with the 
same number of “credit” hours. While this system, 
obviously, is of some benefit to a number of students, 
the fact remains that unavoidable schedule difficulties 
make the new system, if not impossible, at least fre- 
quently difficult to execute. $ 

Since the war has demonstrated the extreme impor- 
tance of new developments in science and engineering, 
new courses have been introduced in various depart- 
ments and it is not surprising to find in the Walker 





4Crarke, J. M., “James Hall of Albany, Geologist and 
Paleontologist,’”’ E. E. Rankin, Albany, New York, 1921. 
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Laboratory, since 1947, a small well-equipped labora- 
tory for the teaching of nuclear chemistry. 

Realizing that the future of the Institute would be 
better assured by active research on the part of faculty 
and student body, Director Ricketts inaugurated in 
1913 a graduate program of studies, leading to advanced 
degrees in engineering and science. In order to encour- 
age graduates to take up advanced work, Mrs. Russel! 
Sage, in 1913, established 2 fellowships of $600 each 
with free tuition. Since 1923 10 more fellowships, 
likewise of $600 each and free tuition, are awarded 
annually by the Board of Trustees. 

Starting with 2 graduate students in September, 1913, 
the number increased very slowly at first (6 in 1917, 9 in 
1924, 15 in 1930), then more rapidly, and reached 2 
maximum in 1931 when the number of graduate stu- 
dents in engineering and science was 74 (including 37 
instructors). Since that time the number has averaged 
around 60 annually. On the outbreak of the war the 
number dropped sharply (only 7 in 1943). When the 
war ended, the number increased rapidly (67 in 1946) 
and reached a peak of 277 (of which number 34 were 
enrolled in chemistry and 8 in chemical engineering) in 


the fall of 1948. The first Ph.D. degree in chemistry 


was conferred in 1926. Of the total number of Ph.D. 
degrees conferred in the period 1913-49 (54) no fewer 
than 32 were given in the chemistry department (15 in 
organic chemistry, 9 in physical chemistry, and 8 in 
analytical chemistry). Ten of these Ph.D.’s in chemis- 
try are professors at various universities and colleges, 2 
entered the services of the federal government, while 
the others are connected with oil companies and various 
industrial concerns. 


The results of the experimental and theoretical stud- 
ies pursued at the Institute have been published in a 
number of scientific journals and also, to a considerable 
extent, in a series of Institute publications numbered 
consecutively from 1 to 58, which appeared from 1913 
to 1943. Of these, a total of 8 dealt with work carried 
out in the Walker Laboratory. 


While a considerable number of chemistry students 
took up advanced work after graduation (from 1921 to 
1949 80 M.S. and 32 Ph.D. degrees were conferred), the 
corresponding figures for chemical engineering are, not- 
withstanding the much larger number of graduates, 
comparatively small (from 1921 to 1949: 54 M.S. and 
4 D.Ch.E.). 

In concluding this brief review of the development of 
chemistry at R.P.I. in the past 125 years, the writer 
wishes to thank those of his colleagues who have kindly 
supplied pertinent data, and, last but not least, the faith- 
ful stockroom custodian, “Billy” Bolger, who was pres- 
ent at the opening of the Walker Laboratory and is 
still going strong after 40 years of service. 
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a WINNERS OF THE NOBEL PRIZES FOR 
CHEMISTRY, PHYSICS, AND PHYSIOLOGY 


AND MEDICINE 


T'ue literature of chemistry is the record of man’s 
accomplishments in the realm of chemistry and allied 
fields, his experimental findings and theories. While 
most of us try to keep abreast of these current scientific 
accomplishments in our own specialized fields, we may 
fail to take special cognizance of the men themselves 
who are making the really significant contributions 
in the various branches of the sciences. 

The Nobel Prize for Chemistry is indeed a singular 
award from the standpoint of prestige and honor. No 
less renowned in scientific circles are the Nobel Prizes 
for Physics and for Physiology and Medicine. So 
poorly defined are the ultimate boundaries between 
chemistry and physics, on the one hand, and chemistry 
and physiology and medicine or biology, on the other 
hand, that a notable advancement in the knowledge of 
one of these branches of science is also a notable ad- 
vancement in.its applications to the others. A student 
of biochemistry or one of physical chemistry will recog- 
nize how true this is when reading the contributions of 
the Nobel Prize winners in these various branches of 
science. 

The will of Alfred Bernhard Nobel has probably done 
more for the public’ recognition of scientific achieve- 
ments than any other single factor during the twentieth 
century. Using most of his amassed fortune in setting 
up the Nobel Prize Foundation in ‘his will, Nobel? 
stipulated that “the capital, which is to be invested 
by the executers in reliable securities, is to form a fund, 
the interest of which is year by year to be distributed 
in the form of prizes among those who have, within the 
respective twelvemonth successfully elapsed, rendered 
the greatest service to mankind.” 

“The interest shall be divided into five equal portions 
and shall be allotted in the following way: one part to 
be given to him who has made the most important dis- 
covery in the realm of physics, one part to him who has 
made the most important chemical invention or im- 
provement, one part to him who has made the most 
important discovery in the realm of physiology or 
medicine, one part to him whose achievement has been 
most excellent in the idealistic sense in the realm of 
literature, and one part to him who has striven most 
or best for the fraternization of the peoples, and for 
the abolition or diminution of standing armies, as also 
for the inception and improvement of peace congresses.” 





1 Kapitan, F., ‘‘Nobel Prize Winners: Charts, Indexes, 
Sketches,’ Nobelle Publishing Co., Chicago, Illinois, 1941. 


WENDELL H. POWERS 
Wayne University, Detroit, Michigan 


Any prize may be divided among two or three indi- 
viduals, should the selecting committees so decide. 
In awarding the prize, no consideration is given to the 
matter of nationality, thus making the prize one of 
international scope. Any prize omitted one year can 
be given out the next year; if omitted more than a 
year, it reverts to the main fund or to a special fund 
to support work in corresponding fields. 


NOBEL PRIZE FOR CHEMISTRY 


The prize, consisting of a medallion and approxi- 
mately $40,000, is announced annually, usually during 
November. The recipient is selected by the Swedish 
Academy of Sciences.!? 


1901 Jacobus Hendrik van’t Hoff, University of Berlin, in 
recognition of the extraordinary value of his discovery 
of the laws of chemical dynamics and osmotic pressure in 
solutions. 

Emil Fischer, University of Berlin, in recognition of the 
extraordinary merit of his synthetic work with relation 
to the sugar and purine groups. 

Svante August Arrhenius, University of Stockholm, in 
recognition of the special value of his theory of electrolytic 
dissociation in the interest of the development of 
chemistry. 

Sir William Ramsay, University College, London, in 
recognition of his discovering different gaseous materials 
in the atmosphere and determining their place in the 
periodic system. 

Adolf Johann Friedrich Wilhelm von Baeyer, University 
of Munich, in recognition of his services in the develop- 
ment of organic chemistry and the chemical industry, 
through his work on organic dyes and aromatic hydro- 
carbon compounds. 

Henri Moissan, University of Paris, in recognition of the 
great value of his investigation and isolation of the 
element fluorine and of his introduotion into the service 
of science of the electric furnace that bears his name. 
Eduard Buchner, Agricultural College, Berlin, in recogni- 
tion of his investigations in biological chemistry and his 
discovery of cell-free fermentation. 

Sir Ernest Rutherford, University of Victoria, Manchester, 
England, for his investigations in regard to the decay of 
elements and the chemistry of radioactive substances. 
Wilhelm Ostwald, University of Leipzig, in recognition of 
his work on catalysis, as well as for his investigations 
into the fundamental principles governing chemical 
equilibrium and rates of reaction. 

Otto Wallach, University of Géttingen, in recognition of 
what he achieved in the development of organic chemistry 
and the chemical industry by his pioneer work in the 
realm of alicyclic combinations. 

Marie Sklodowska Curie, University of Paris, in recogni- 


1902 


1903 


1904 


1905 


1906 


1907 


1908 


1909 


1910 


1911 





* Funxuouser, J. A., Ind. Eng. Chem.; News. Ed., 41, 182(1936)_ 


353 





354 


1912 


1913 


1914 


1915 


1916 
1917 
1918 


1919 
1920 


1921 


1922 


1923 


1924 
1925 


1926 


1927 


1928 


1929 


1930 


1931 


1932 


1933 


tion of the services rendered by her to the development 
of chemistry; by her discovery of the elements radium 
and polonium, by her determination of the nature of 
radium and isolation of it in a metallic state, and by her 
investigations into the compounds of this remarkable 
element. 

Victor Grignard, University of Nancy, for the so-called 
Grignard reaction discovered by him, a method that has 
been highly instrumental in advancing organic chemistry. 
Paul Sabatier, University of Toulouse, for his method of 
hydrogenating organic compounds in the presence of 
finely divided metals, which has greatly fostered the 
progress of chemistry. 

Alfred Werner, University of Zurich, for his work on the 
linking of atoms within the molecule, whereby new light 
has been thrown upon older fields of research and new 
fields have been opened, especially within the realm of 
inorganic chemistry. 

Theodore William Richards, Harvard University, for his 
exact determination of the atomic weights of numerous 
chemical substances. 

Richard Willstitter, University of Munich, for his in- 
vestigation of dyestuffs in the vegetable kingdom, es- 
pecially of chlorophyll. 

No award. 

No award. 

Fritz Haber, Berlin-Dahlem, Kaiser-Wilhelm-Institut, for 
the synthetic production of ammonia from its elements. 
No award. 

Walther Nernst, University of Berlin, in recognition for 
his thermochemical work. 

Frederick Soddy, Oxford University, for his contributions 
to the knowledge of the chemistry of radioactive sub- 
stances and his investigations on the occurrence and 
nature of isotopes. 

Francis William Aston, Trinity College, Cambridge, for 
his discovery of the conduct of isotope mixtures in many 
nonradioactive elements and his discovery of the so-called 
integer law. 

Fritz Pregl, University of Graz, for the microanalysis of 
organic substances. 

No award. 

Richard Zsigmondy, University of Géttingen, for the 
exposition of the heterogeneous nature of colloid solutions 
and for the methods employed in this connection, which 
have proved of fundamental importance to modern 
colloidal chemistry. 

The Svedberg, University of Upsala, for his work on dis- 
perse systems. 

Heinrich Otto Wieland, University of Munich, for his 
researches on the bile acids and on the constitution of 
related substances. 

Adolf Windaus, University of Géttingen, for his work in 
investigating the constitution of sterols and the generation 
of vitamin D in ergosterol by ultraviolet light. 

Sir Arthur Harden, University of London and Lister 
Institute, for his investigations in the chemistry of 
fermentation. : 

Hans Karl August Simon von Euler-Chglpin, Stockholm 
University College, for his investigations in the chemistry 
of enzymes. 

Hans Fischer, University of Munich, for his works on the 
structural composition of the coloring matter of blood 
and of leaves and for his synthesis of hemin. 

Carl Bosch, Badische Anilin und Soda Fabrik, for his 
large-scale production of synthetic ammonia by the 
Haber process. 

Friedrich Gustav Bergius, I. G. Farbenindustrie, for his 
method of the liquefaction of coal to produce gasoline. 
Irving Langmuir, General Electric Company, for his 
discoveries and researches in the field of surface chemistry. 
No award. 


1934 


1935 


1936 


1937 


1938 


1939 


1940 
1941 
1942 
1943 


1944 


1945 


1946 


1947 


1948 


JOURNAL OF CHEMICAL EDUCATION 


Harold Clayton Urey, Columbia University, for his 
discovery of heavy hydrogen. 

Frédérick Joliot and Irene Joliot-Curie, University of 
Paris, for their jointly performed synthesis of new radio- 
active elements. 

Peter Joseph Wilhelm Debye, Kaiser-Wilhelm-Institut 
fiir Physik and University of Berlin, for his contributions 
to the knowledge of molecular structure through his 
investigations on dipole moments and on the diffraction 
of X-rays and electrons in gases.* 

Walter Norman Haworth, University of Birmingham, 
England, for his research on carbohydrates and vitamin C. 
Paul Karrer, University of Zurich, for his researches on 
carotinoids and flavins and on vitamins A and G.‘ 
Richard Kuhn, Kaiser-Wilhelm-Institut for Medical 
Research and University of Heidelberg, for his work on 
carotinoids and vitamins.® 

Adolph Butenandt, University of Berlin and Kaiser- 
Wilhelm-Institut for Biochemistry, for his work on the 
sex hormones.’ 

Leopold Ruzicka, Federal Institute of Technology, Zurich, 
for his work on the sex hormones.? 


No award. 
No award. 
No award. 


George Hevesy, Stockholm, for his work in the use of 
isotopes as indicators in studying chemical reactions.‘ 


Otto Hahn, Germany, for the discovery of a method of 


breaking the heavy atom nucleus.’ 

Artturi Virtanen, Finland, for his discoveries relating to 
agricultural and food chemistry.’ 

Wendell M. Stanley, Rockefeller Institute for Medical 
Research, for his studies in virus research, showing that 
viruses are crystallizable proteins. 

John H. Northrup, Rockefeller Institute for Medical 
Research, for his crystallization of hydrolytic enzymes, 
pepsin, and related ones. 

James B. Sumner, Cornell University, for his discovery 
that enzymes can be crystallized; crystallization of 
catalase and urease.’ 

Sir Robert Robinson, Oxford University, England, for his 
investigations on the chemistry of the life products of 
plants and animals, in particular the alkaloids.° 

Arne Tiselius, Institute for Physical Chemistry, Uni- 
versity of Upsala, for his discoveries in biochemistry and 
for the development of the electrophoretic method for 
studying proteins and other colloidal substances. 


NOBEL PRIZE FOR PHYSICS 


The prize given for the most important discovery in 
the realm of physics is allotted by the Swedish Academy 
of Sciences.’ 


1901 


Wilhelm Conrad Réntgen, University of Munich, in 





3 Ind. Eng. Chem., News Ed., 14, 451, 475 (1936). 
4 Ind. Eng. Chem., News Ed., 15, 490 (1937). 


5 Refused the prize. 


Germans were forbidden by Hitler to 


accept Nobel Prizes, since the 1935 peace award was given to 
Carl von Ossietsky, who was at the time in a concentration camp. 
6 Chem. and Eng. News, 22, 2028 (1944); 25, 769 (1947). 
7 Chem. and Eng. News, 23, 2225 (1945). 
8 Chem. and Eng. News, 24, 300 (1947). 
9 Chem. and Eng. News, 24, 3510 (1947). 


10 Chem. 


and Eng. News, 25, 3555 (1948). 
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1902 


1903 


1904 


1905 


1906 
1907 


1908 


1909 


1910 


1911 


1912 
1913 


1914 


1915 
1916 
1917 


1918 


1919 


1920 


1921 


recognition of the extraordinary merit gained by the 
discovery of the special rays bearing his name. 

Henrik Antoon Lorentz, University of Leyden, and 
Pieter Zeeman, University of Amsterdam, in recognition 
of the special services rendered by their investigations 
regarding the influence of magnetism on the phenomenon 
of radiation. 

Henri Antoine Becquerel, Paris Ecole Polytechnique in 
recognition of the special services rendered by him in the 
discovery of spontaneous radioactivity. 

Pierre Curie and Marie Sklodowska Curie, Sorbonne, 
in recognition of the extraordinary merit they had ac- 
quired by their joint work on the phenomenon discovered 
by Professor Becquerel. 

Lord Rayleigh (John William Strutt), Royal Institute of 
Great Britain, for his investigations into the density of the 
most important gases and for his discovery of argon in 
connection with these investigations. 

Philipp Lenard, University of Heidelberg and University 
of Kiel, for his work in connection with cathode rays. 
Joseph John Thomson, Cambridge University, in recogni- 
tion of the great services rendered by him in his theoretical 
and experimental investigations of the passage of 
electricity through gases. 

Albert Abraham Michelson, University of Chicago, for his 
optical instruments of precision and the spectroscopic 
and metrologic investigations which he carried out by 
means of them. 

Gabriel Lippmann, University of Paris, for his method 
based upon the phenomenon of interference for re- 
producing colors by photography. 

Guglielmo Marconi, Marconi Wireless Telegraph Com- 
pany, Ltd., and Carl Ferdinand Braun, University of 
Strasbourg, in recognition of their services in the de- 
velopment of wireless telegraphy. 

Johannes Diderick van der Waals, University of Amster- 
dam, for his work regarding the equations of state of 
gases and fluids. 

Wilhelm Wien, University of Wiirzburg, for his discoveries 
regarding the laws governing the radiation of heat. 
Gustaf Nils Dalén, Swedish Gas-Accumulator Company, 
Stockholm, for his discovery of the automatic regulators, 
which can be used in conjunction with gas accumulators 
for lighting lighthouses and light buoys. 

Heike Kamerlingh Onnes, University of Leyden, in 
recognition of his investigations into the properties of 
matter at low temperatures which led, among other things, 
to the production of liquid helium. 

Max von Laue, University of Zurich and University of 
Frankfurt-am-Main, for his discovery of the diffraction of 
R6éntgen rays on passing through crystals. 

Sir William Henry Bragg, University College, London, 
and William Lawrence Bragg, Victoria University, 
Manchester, for their services in the analysis of crystal 
structure by means of X-rays. 

No award. 

Charles Glover Barkla, University of Edinburgh, for his 
works on the diffusion of light and for the discovery of the 
effect known by his name. 

Max von Planck, University of Berlin, in recognition of 
the services rendered by him to the development of 
physics by his discoveries in connection with the quantum 
theory. 

Johannes Stark, University of Géttingen, for his dis- 
covery of the Doppler effect in canal rays and of the 
division of spectral lines in the electric field. 

Charles Edward Guillaume, Bureau International des 
Poids et Mesures, in recognition of his discovery of the 
anomalies of nickel-steel alloys and their importance in 
the physics of precision. 

Albert Einstein, Kaiser-Wilhelm-Institut fir Physik, for 
his services in behalf of theoretical physics, and in par- 
ticular for his discovery of the law of the photoelectric 
effect. 
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1928 
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1931 
1932 
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1940 
1941 
1942 
1943 


1944 
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Niels Bohr, University of Copenhagen, for his work in the 
study of the structure of atoms and of the radiation 
emanating from them. 

Robert Andrews Millikan, California Institute of Tech- 
nology, for his work in the elementary electric charge 
and on the photoelectric effect. 

Karl Manne Siegbahn, University of Upsala, for his dis- 
coveries and investigations in X-ray spectroscopy. 
James Franck, University of Géttingen, and Gustav 
Hertz, University of Halle, for their discovery of laws 
governing the collision of an electron with an atom. 

Jean Perrin, University of Paris, for his works on dis- 
continuity in the structure of matter, and in particular 
for his discovery of the equilibrium of sedimentation. 
Arthur Holly Compton, University of Chicago, for the 
discovery of the effect that bears his name. 

Charles Thomas Rees Wilson, Cambridge University, for 
the discovery of his method of rendering discernible the 
courses of electrically charged particles by water con- 
densation. 

Owen Williams Richardson, King’s College, London, for 
his work in regard to thermionic phenomena, and in 
particular for the discovery of the law known by his 
name. 

Louis-Victor de Broglie, Poincare Institute of the Sor- 
bonne, Paris, for his discovery of the wave character of 
electrons. 

Sir Chandrasekhara Venkata Raman, University of 
Calcutta, for his discovery of the characteristic Réntgen 
radiation of the elements. 

No award. : 

Werner Heisenberg, University of Leipzig, for the creation 
of the quantum mechanics whose application has, among 
other things, led to the discovery of the allotropic forms of 
hydrogen. 

Paul Adrien Maurice Dirac, Oxford University, and 
Erwin Schrédinger, University of Berlin, for their dis- 
covery of new fertile forms of the atomic theory. 

No award. 

James Chadwick, University of Liverpool, for his dis- 
covery of the neutron. 

Carl David Anderson, California Institute of Technology, 
for his discovery of the positron. 

Victor Franz Hess, University of Innsbruck, for his dis- 
covery of cosmic radiation. 

Clinton Joseph Davisson, Bell Telephone Company, and 
George Paget Thomson, Imperial College, University of 
London, for their experimental discovery of the diffraction 
of electrons by crystals. 

Enrico Fermi, University of Rome, for his identification 
of new radioelements produced by neutron bombardment 
and his discovery, made in connection with this work, of 
the nuclear reactions effected by slow neutrons. 

Ernest Orlando Lawrence, University of California, for 
the invention and development of the cyclotron and for 
the results thereby attained, especially with regard to 
artificial radioelements. 

No award. 

No award. 

No award. 

Otto Stern, Carnegie Institute of Technology, for his 
contributions to the atomic ray method and his discovery 
of the magnetic moment of the proton.'! 

Isador Isaac Rabi, Columbia University, for his resonance 
method of recording the magnetic properties of the atomic 
nuclei.!! 

Wolfgang Pauli, Institute of Advanced Studies, Princeton, 
for the development of the exclusion principle which has 
to do with the regulation of electrons in the outer shell 





11 Chem. and Eng. News, 22, 2028, 2226 (1944). 


Science, 100, 


565 (1944). 
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of atoms and molecules and has a practical application 
in work with metals.!* 

Percy W. Bridgman, Harvard University, succeeded in 
virtually duplicating conditions encountered deep in the 
interior of the earth by obtaining pressures measured in 
millions of pounds per square inch.'4 

Sir Edward Appleton, British Government Department 
of Scientific and Industrial Research, for his research in 
the physics of the atmosphere and particularly for his 
discovery of the Appleton layer, the atmospheric belt 
that surrounds the earth at heights of 60 and 120 miles 
and from which radio short waves are reflected after they 
penetrate the ionosphere, which he also discovered.'4 
Patrick Maynard Stuart Blackett, University of Man- 
chester, England, for his outstanding contributions in 
nuclear research, particularly his discovery of the cosmic 
ray particles which he described as a positive electron.'® 


NOBEL PRIZE FOR PHYSIOLOGY AND MEDICINE 


The recipient of this prize is selected by the Karolin- 
ska Institute in Stockholm.! 2 


1901 
1902 


1903 


1904 


1905 
1906 


1907 


1908 


1909 


1910 


1911 
1912 


1913 
1914 


1915 
1916 
1917 
1918 


Emil A. Von Behring, University of Marburg, for his 
work on serum therapy against diphtheria. 

Sir Ronald Ross, University College, Liverpool, for his 
work on malaria. 

Niels Ryberg Finsen, Light Institute, Copenhagen, in 
recognition of his treatment of disease, especially lupus 
vulgaris, with concentrated light rays, whereby he opened 
up new channels for the art of medicine. 

Ivan Petrovich Pavlov, Military Medical Academy, St. 
Petersburg, in recognition of his work on the physiology 
of digestion, which essentially reformed and extended 
scientific knowledge in this field. 

Robert Koch, Berlin Institute of Infectious Diseases, 
for his work on tuberculosis. 

Camillo Golgi, University of Pavia, and Santiago Ramone, 
y Cajal, University of Madrid, for their woe on the 
structure of the nervous system. 

Charles Louis Alphonse Laveran, Pasteur Institute, Paris, 
for his work on the part played by protozoa in the genera- 
tion of disease. 

Paul Ehrlich, Institute for Experimental Therapy, Frank- 
furt-am-Main, and Elie Metchnikoff, Pasteur Institute, 
Paris, for their work on immunity. 

Theodor Kocher, University of Berne, for his work on the 
physiology, pathology, and surgery of the thyroid gland. 
Albrecht Kossel, University of Heidelberg, for his achieve- 
ment in the chemistry of the cell, by his work on proteins, 
the nuclein substances included. 

Allvar Gullstrand, University of Upsala, for his work on 
the dioptrics of the eye. 

Alexis Carrel, Rockefeller Institute for Medical Research, 
for his work on vascular suturing and on the grafting of 
blood vessels and organs. 

Charles Robert Richet, University of Paris, for his work 
on anaphylaxy. 

Robert Bardny, Austrian physician, for his work on the 
physiology and pathology of the vestibular system. 

No award. 

No award. 

No award. 

No award. 





12 Chem. and Eng. News, 23, 2225 (1945). 
13 Chem. and Eng. News, 25, 300 (1947). 
and Eng. News, 25, 3510 (1947). 
and Eng. News, 26, 3424 (1948). 


14 Chem. 
16 Chem. 


1919 


1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 


1933 


1934 


1935 


1936 
1937 


1938 
1939 


1940 
1941 
1942 
1943 


1944 
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Jules Bordet, University of Brussels, for his discoveries 
in connection with immunity. 

August Krogh, University of Copenhagen, for his dis- 
covery of the regulation of the motor mechanism of 
capillaries. 

No award. 

Archibald Vivian Hill, University of London, for his 
discovery relating to the heat production of muscles. 
Otto Meyerhof, University of Kiel, for his discovery of the 
correlation between consumption of oxygen and the 
production of lactic acid in the muscles. 

Frederick Grant Banting, University of Toronto, and 
John James Richard MacLeod, University of Toronto, for 
their discovery of insulin. 

Willem Einthoven, Leyden, for his discovery of the mecha- 
nism of the electrocardiograph, the significance of this 
having been proved by the investigations of recent years. 
No award. 

Johannes Andreas Grib Fibiger, University of Copen- 
hagen, for his discovery of the Spiroptera carcinoma. 
Julius Wagner-Jaurogg, University of Vienna, for his 
discovery of the therapeutic value of malaria inoculation 
in the treatment of dementia paralytica. 

Charles Jules Henri Nicolle, Pasteur Institute of Tunis, 
for his work on typhus exanthematicus. 
Christiaan Eijkman, University of Utrecht, 
discovery of the antineuritic vitamins. 

Sir Frederick Gowland Hopkins, University of Cambridge, 
for the discovery of the growth-promoting vitamins. 
Karl Landsteiner, Rockefeller Institute for Medical 
Research, for his discovery of the human blood groups. 
Otto Heinrich Warburg, Kaiser-Wilhelm-Institut for 
Biology, for his discovery of the character and mode of 
action of the respiratory ferment. 

Edgar Douglas Adrian, University of Cambridge, and 
Sir Charles Scott Sherrington, University of Oxford, for 
their discoveries regarding the function of the neurone. 
Thomas Hunt Morgan, California Institute of Technology, 
for his discoveries relating to the hereditary functions of 
the chromosomes. 

George Richards Minot, Harvard University, William 
Parry Murphy, Peter Bent Brigham Hospital and Harvard 
Medical School, and George Hoyt Whipple, University 
of Rochester, for their discovery of the liver therapy of 
anemia. 

Hans Spemann, Freiburg University, for his discovery of 
the organizer-effect in embryonic development. 

Sir Henry Hallett Dale, National Institute for Medical 
Research, Hempstead, England, and Otto Loewi, Uni- 
versity of Graz, for their discoveries relating to chemical 
transmission of nerve impulses. 

Albert von Szent-Gyérgyi Nagyrapolt, University of 
Szeged, for his discoveries relating to biological combus- 
tion, especially with regard to vitamin C and the catalysis 
of fumaric acid. 

Corneille Heymans, University of Ghent, for the dis- 
covery of the importance of the sinus and aorta mecha- 
nisms for the regulation of respiration. 

Gerhard Domagk, University of Minster and I. G. 
Farbenindustries, for his discovery of the antibacterial! 
effect of prontosil.® 

No award. 

No award. 

No award. 

Edward A. Doisy, St. Louis University School of Medicine, 
and Henrik Dam, Copenhagen, for the discovery of the 
chemical nature of vitamin K.1¢ 

Joseph Erlanger, School of Medicine of Washington Uni- 
versity, and Herbert Spencer.Gasser, Rockefeller Institute 


for his 





16 Chem. and Eng. News, 22, 2041 (1944). 
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for Medical Research, for their work on the functions of 
the individual nerve threads." 

1945 Sir Alexander Fleming, London University, Ernest B. 
Chain, Oxford University, and Sir Howard W. Florey, 
Oxford University, for their discovery of penicillin and 
its healing effects in treating infections.'* 

1:46 Hermann J. Muller, University of Indiana, for his work 
in connection with the mutation of species through 
X-rays.9 





17 Science, 100, 865 (1944). 
18 Chem. and Eng. News, 23, 1966 (1945). 
19 Chem. and Eng. News, 25, 300 (1947). 
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Carl F. Cori and Gerty T. Cori, Washington University 
School of Medicine, for their discovery of the process in 
the catalytic metabolism of the glycogen of animal starch. 
Bernardo Alberto Houssay, Buenos Aires, Argentina, for 
his discovery of the significance of the hormone produced 
by the frontal lobe of the hypophysis.” 

Paul Moeller, J. R. Geigy Co., Basel, Switzerland, for his 
discovery that DDT is a powerful insect killer.*! 


1947 


1948 





20 Chem. and Eng. News, 25, 3228 (1947). 
21 Chem. and Eng. News, 26, 3354 (1948). 





@ SEPARATION OF BERYLLIUM FROM IRON BY SOLVENTS 


Tue removal of iron as ferric chloride by extraction 
with ether is a well-known analytical procedure and is 
very useful in the determination of small quantities of 
many elements in irons and steels. In view of the de- 
servedly long popularity of the text, ‘‘Analytical Chem- 
istry,” by Treadwell and Hall, for reference in uni- 
versities, it is desirable to point out an error in their 
treatment of this operation. Successive editions of 
this work! have carried the statement: ‘Beryllium 
chloride as well as molybdic acid follow the ferric chlo- 
ride and dissolve in the ether.” 

Beryllium can be separated quite satisfactorily from 
iron by the ordinary ether separation, using 20 ml. of 
HCl (sp. gr. 1.10) and 35 ml. of diethyl ether for each 
gram of iron. Contrary to the above reference, all the 
beryllium remains in the lower aqueous layer along with 
Al, Cr, Co, Ni, Mn, etc. The results in Table 1, ob- 
tained in our laboratory, are typical of this separation 
Traces of iron and of 
beryllium remaining in the lower aqueous and upper 
ether layers, respectively, can be removed by a second 
extraction with ether and acid. The results confirm the 
»bservation of Hillebrand and Lundell? on the behavior 
of beryllium in an ether separation. 

Recently Wells and Hunter? have proposed amy] ace- 
tate as a solvent for the separation of iron, in place of 
ther. Amyl acetate has several advantages over ether: 





1 TREADWELL, F. P., anp W. T. Hatt, ‘Analytical Chemistry, 
Vol. II. Quantitative Analysis,’ 9th ed., John Wiley & Sons, 
New York, 1942. i 

2 HILLEBRAND, W. F., anp G. E. F. Lunpett, “Applied In- 
organic Analysis,” John Wiley & Sons, New York, 1929. 

3 WeLLs, J. E., anp D. P. Hunter, Analyst, 73, 671 (1948). 


R. S. YOUNG 
Diamond Research Laboratory, Johannesburg, South Africa 











TABLE 1 
Separation of Beryllium from Iron with Ether and Amy]l 
Acetate 
Fe present, Be present, Be found, gm. Recovery, 
gm. gm. (aqueouslayer) % 

Ether 0.05 0.1000 0.0999 99.9 
0.0997 
0.1001 

1 0.0050 0.0050 99.3 
0.0049 
0.0050 

10 0.0050 0.0051 99.3 
0.0049 
0.0049 

Amy] acetate 0.05 0.1000 0.0998 99.7 
0.0996 
0.0997 

1 0.0050 0.0049 99.3 
0.0050 
,0.0050 

10 0.0050 “0.0050 98.7 
0.0049 
0.0049 





relatively low flammability and volatility, and the acid 
conditions necessary are less critical. Beryllium is not 
listed as one of the elements studied by these workers, 
but.we have found that its separation from iron with 
amyl acetate is satisfactory. Typical results are illus- 
trated in Table 1. The procedure employed was similar 
to that recommended by Wells and Hunter, using ap- 
proximately 5 ml. of concentrated HCl and 0.2 ml. of 
concentrated H,SO,, with 15 ml. of amyl acetate, per 
gram of iron. The amyl acetate layer was washed with 
an additional 2 ml. of the same acid mixture and the two 
acid extracts combined. 





& EILHARD MITSCHERLICH (1794-1863) 


Ox DEcEMBER 1, 1894, at the unveiling of the statue 
of Eilhard Mitscherlich before the University of Berlin, 
Wilhelm Ostwald, the speaker of the day, stated: 
“‘Mitscherlich was a prince in the realm of the mind, and 
a hero in the battle for the light.’”” Nonetheless, few, 
except specialists, have a knowledge of the work of this 
scientist and its permanent value; even chemists 
vaguely remember little except his name. He himself 
was largely responsible for this semioblivion, because he 
had a pronounced shyness about publicizing his dis- 
coveries. When his “Collected Works” were published 
by his son! it was necessary to preface the first, and 
probably the greatest of his works, with the remark: 
“This paper has never before appeared in German.” 
For 75 years, only excerpts of it were known in Ger- 
many, and only then, for the first time, was there avail- 
able a complete translation in his native language of the 
original (1821) Swedish text.2 This tendency against 
publishing became more pronounced from year to year 
so that Ostwald could truthfully declare: ‘“Toward the 
last, the titles of the papers delivered by him before the 
Academy became the only trace which he allowed the 
outside world to obtain of his indefatigable activity.’’* 

Eilhard Mitscherlich was born on January 7, 1794, at 
Neuende near Jever in Oldenburg. His father, the vil- 
lage pastor, wished to provide the best possible educa- 
tion for his bright son so he sent him to Jever to live in 
the home of the historian, Friedrich Christoph Schlosser. 
At the latter’s advice, Mitscherlich specialized in orien- 
tal languages and history. However, after securing his 
doctorate at Géttingen, with a dissertation on a Persian 
historical work, he abandoned this field and turned to 





1“Gesammelte Schriften von Eilhard Mitscherlich. Lebens- 
bild, Briefweschsel und Abhandlungen.”” Published by Alexander 
Mitscherlich. Berlin, 1896, 678 pages. 

2 This translation, edited by P. v. Groth, is available as No. 94 
of “Ostwald’s Klassiker,’’ Leipsic, 1894. , 

3 Mitscherlich promised to write a Supplement on crystallog- 
raphy for the Berzelius ‘“‘Lehrbuch der Chemie,”’ and the latter 
designated this promised contribution as something extraor- 
dinary. But he waited for it in vain, even though a few of 
his many letters were answered with a solemn promise to fulfill 
the obligation at once. Finally, the “Lehrbuch” was published 
without the Mitscherlich supplement. The farce was repeated 
with the next edition. In 1840, when Mitscherlich visited 
Berzelius, and again offered to make his promise good, he re- 
ceived the reply: ‘‘We are no longer negotiating on this point. 
At present, I am limiting my demands that at least before you 
die, you yourself publish your crystallographic studies.”’ 





His Life and Achievements 


RUDOLF WINDERLICH 


Oldenburg i. Oldenburg, Germany 
(Translated by Ralph E. Oesper, University of Cincinnati) 


medicine. Thisled him tochemistry. In 1818 he went 
to Berlin and worked in the laboratory of the botanist 
H. F. Link. He chose to study phosphates and arsen- 
ates and was soon forcefully impressed by the similarity 
in the crystal forms of the corresponding salts. He 
therefore took lessons in crystallography from his 
friend Gustav Rose, the mineralogist at the University, 
and with the newly acquired knowledge discovered the 
law concerning ‘‘the relation which exists between crys- 
talline form and chemical composition.”’ In his words, 
“the same number of atoms combined in the same man- 
ner produce the same crystalline form; the crystalline 
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form does not depend on the nature of the atoms, but 
solely on their number and mode of combination.”’ 
The announcement of this law of isomorphism (isos = 
like and morphe = form) aroused considerable atten- 
tion, and it made a particular impression on Berzelius 
during his 1819 stay in Berlin.* 

Berzelius necessarily saw that this law was an invalu- 
able acquisition to chemistry, because it could be a de- 
cisive factor in determining the choice between two 
hotly contested possibilities. R. J. Haiiy, the founder 
of geometrical crystallography, had championed the 
view that crystal form determines the chemical struc- 
ture of a mineral, whereas Berzelius had taken as the 
basis for his mineral system the assumption that the 
crystal form is dependent on the chemical nature of the 
mineral. No one then could possibly have foreseen the 
full value of the law of isomorphism, because its real 
import was not revealed until the close of the 19th cen- 
tury. Since 1870 P. v. Groth had been engaged in an 
attempt to elucidate the relation between crystal struc- 
ture and chemical structure. He started with Mit- 
scherlich’s thought that crystallographically equal di- 
rections are also physically equal, and accordingly, 
from 1895 on, regarded the chemical atoms of a crystal- 
line material as points of space lattices whose constants 
are determined by the kind, number, and position of 
the atoms. The space lattice of a crystal remains 
(almost) unchanged when an element of like valence is 
incorporated in place of one of the original elements. 
These bold postulates were brilliantly verified in 1912 by 
Max von Laue. By means of the interference patterns 
produced by the diffraction of X-rays on crystal lat- 
tices, he proved the manner in which the structural 
units are arranged. At the same time, he established 
the wave nature of X-rays, and provided scientists with 
a new tool for penetrating into the structure of ma- 
terials. 

Of course, Berzelius could not anticipate any such 
radical effect of the law of isomorphism on present-day 
views of the fine structure of matter; for him the new 
law was valuable enough when it was applied in decid- 
ing the choice between atomic weights, and in demon- 
strating the correctness of his mineral system. Conse- 
quently he proposed to v. Altenstein, the Prussian 
Minister of Education, that the promising young scien- 
tist be entrusted with the chemistry professorship at the 
University of Berlin. The chair had been vacant since 
the death (January 1, 1817) of Martin Heinrich Klap- 
roth, the distinguished analyst and discoverer of ura- 
nium, zirconium, titanium, and cerium. It was offered 
to Berzelius who declined for patriotic reasons. After 
due deliberation v. Altenstein decided that Mitscherlich 
would need to be thoroughly trained for the post by 
Berzelius through a stay in the great chemist’s private 
laboratory. Mitscherlich was in Stockholm, at the 
government’s expense, for two years (December, 1819 to 
November, 1821). He worked so independently and 

4 For an excellent review of Mitscherlich’s work on isomorphism 


and dimorphism see Ida Freund, ‘“‘A Study of Chemical Compo- 
sition,” Cambridge, 1904, Chapter XV. 
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diligently that Berzelius was able to report to the 
Minister: ‘‘He has been more my student collaborator 
than my pupil.””. Such laudatory statements by Ber- 
zelius brought Mitscherlich not only election to the 
Prussian Academy of Sciences, despite the opposition of 
Weiss (mineralogist) and Seebeck (physicist), but also 
this same year (1822) an appointment as extraordinary 
professor at the university. Three years later he was 
promoted to the full professorship. His letter of thanks 
to Berzelius reveals not only his joy for. the 800 talers, 
the annual salary, but still more the anticipation of hav- 
ing a good laboratory with adequate funds for its opera- 
tion. Freedom from financial worries was highly im- 
portant to him. He made this quite clear to Berzelius 
(letter of July 18, 1826) when he told his fatherly friend 
that he had taken a highly cultured wife of considerable 
means and “would never be forced to make a milch cow 
of science.’ The marriage turned out exceedingly 
well.5 





5 Mitscherlich’s handwriting was outstandingly poor. 
Berzelius wrote to him (February 2, 1828): ‘‘Your latest letter, 
provided with your variety of legible script, seemingly was sent 
to the Royal Office of Foreign Mail, from which I receive many 
of my letters from abroad. The clerk read the address as 
“Mademoiselle Hochschild,’’ who frequently gets letters from 
her brother, who is Minister in Copenhagen, and accordingly 
the letter was sent to her. Fortunately, she is the sister-in-law 
of my good friend Poppius. One evening at his home, they were 
talking about the stray letter, whose address could not be read 
by even President Poppius. They asked me to try. I recog- 
nized your writing at once, and to the horror of everybody broke 
the letter open. « They thought I had done this through a mis- 
understanding. How they laughed when I deciphered for them 
my name in the address. Consequently, from now on, have 
your wife write the addresses.”’ 
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Closely related to his law of isomorphism, was his 
second (1821) great discovery, dimorphism. He found 
that ‘fone and the same proportions, can assume two 
different forms.’’ Aragonite, vhich he had found to be 
isomorphous with the naturally occurring lead carbo- 
nate (cerussite), is a variety of calcium carbonate, dif- 
fering in crystal form from the ordinary calcite, with 
which it is dimorphous. After Mitscherlich had recog- 
nized that the crystals of sulfur obtained from its solu- 
tions differ from those separating from its melts, he 
(1823) modified his statement to read: “that one and 
the same material, be it simple or compound, can as- 
sume two different crystalline forms.’”’ The fact did not 
escape his notice that heat is liberated when monoclinic 
sulfur changes into the rhombic form. 

Subsequently, Mitscherlich expended much labor and 
care on the mental and experimental solution of various 
problems connected with crystal systems. He wrote to 
Berzelius (June 14, 1823) that his objective was: “to 
arrive at definite conclusions concerning the distribu- 
tion of matter itself in crystalline bodies, and also con- 
cerning the relation of heat and matter.’”’ He showed 
“that the expansion of crystals is exactly in the direction 
of the crystallographic axes, and, since the latter are 
connected with the optical axes, they stand in a certain 
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relation to these also, namely, that the shorter axes ex- 
pand relatively more than the longer.” His inquiries 
into the regularity, magnitude, and cause of optical 
effects, especially double refraction, under the influence 
of heat, were eventually extended also to noncrystalline 
materials. 

In 1827 he constructed a new type of goniometer but 
did not publish anything about it until 16 years later. 
With its aid he increased the accuracy of reading the re- 
flected angle to several seconds, as contrasted with the 
five minutes possible with the Wollaston instrument. 

Extensive studies of the constituents of the slags in 
the dumps of Swedish copper smelters gave rise to suc- 
cessful attempts to produce minerals artificially. He 
was thus able to refute the general belief “that chemis- 
try could indeed decompose minerals into their constitu- 
ents, but since forces of Nature were active at the for- 
mation of the natural compounds, they could never be 
reproduced artificially.” In connection with these stud- 
ies he developed a “theory of the smelting out of cop- 
per,”’ in which his chief objective was ‘‘to demonstrate 
clearly that in this process silica behaves entirely as an 
acid.” 

Mitscherlich’s intense interest in minerals and crys- 
tals persisted throughout his life. He frequently de- 
voted himself to geological problems, to whose solution 
he made notable contributions: the formation of ore 
veins; the source of mineral springs; volcanic processes; 
the metamorphosis of rocks by heat; etc. Other areas 
of inorganic chemistry were enriched by him.’ He dis- 
covered selenic acid, developed a simple method of de- 
tecting free phosphorus, and cleared up the nature of 
permanganic acid. In his “Jahrbuch,” for 1834 Ber- 
zelius commented admiringly that the last of these stud- 
ies had yielded. “the unexpected result that this metal 
has two acids, of which one, manganic acid, consists of 1 
atom of manganese and 3 atoms of oxygen, while the 
other, which Mitscherlich calls permanganic acid, con- 
sists of 2 atoms of manganese and 7 atoms of oxygen.’ 
The basic importance of the isomorphism of the perchlo- 
rates and permanganates was stressed by Mitscherlich. 
He recognized the prime importance of the vapor densi- 
ties of gasified substances. By numerous accurate 
analyses he extended the conclusion reached by Dumas 
“that sulfur gas (vapor) contains three times as many 
atoms as an equal volume of oxygen.” This presented 
the physicists and chemists with a troublesome situa- 
tion, because at that stage they were not able to dis- 
tinguish clearly between atoms and molecules and yet 
they did not wish to abandon Avogadro’s hypothesis 

that under like conditions of temperature and pressure 
equal volumes of gases contain equal numbers of 
“atoms.” This difficulty finally compelled the scien- 
tists to make a sharp differentiation between atom and 
molecule. 

Mitscherlich’s contributions to organic chemistry 


were no less important than his achievements in the in- 


organic field. His investigations (1834) on benzene and 


6 According to the then prevailing oxygen theory of acids, 
MnO; and Mn,O,, 7. é¢., anhydrides of H_MnO, and HMnQ,. 
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its compounds revealed the relation between ‘‘bicar- 
ouret of hydrogen” (discovered in 1825 by Faraday and 
studied by him with astounding exactness) and the acid 
obtained from benzoin resin. Dry distillation of cal- 
cium benzoate yielded an easily volatile liquid, which 
Mitscherlich recognized as identical with Faraday’s 
hydrocarbon. Because of its origin, Mitscherlich pro- 
ogosed the name “benzin.’’ Liebig objected and 
‘hanged it to “benzol,” the form that is still used in 
azerman. Mitscherlich was the first to prepare nitro- 
yenzene, azobenzene, benzenesulfonic acid, etc., and so, 
n a sense, laid the foundations of the dyestuff industry. 
His theoretical conclusions concerning the benzene de- 
rivatives were not approved by Berzelius, and in June, 
1835, Mitscherlich wrote: “This work on benzin and its 
publication have lost all pleasure for me, and I wish I 
had never started it, since it is the first time that you do 
not share my opinion.’’? 

In contrast, Mitscherlich’s study of the formation of 
ether was heartily applauded by the great Swedish mas- 
ter, because it not only made the process a continuous 
one and clearly explained it but “elevated catalysis as 
decomposition and combination through contact to a no 
longer disappearing, indispensable concept, which sheds 
light over many things” (letter of October 31, 1834). 
Catalytic considerations later guided Mitscherlich in his 
studies of yeast fermentation and microorganisms. 

Eilhard Mitscherlich must be classed among the lead- 
ing investigators. Beyond this, he possessed and freely 
used a talent which is lacking in many research men, 
namely the ability to teach well, both by mouth and by 
pen. His ‘Lehrbuch der Chemie” so pleased the super- 
critical Berzelius that he wished to have it translated 
into Swedish. ‘You have a great talent, dear Mitscher- 
lich, of being interesting, terse, and instructive” (letter 
of August 27, 1832). Mitscherlich repeatedly stressed 
his love for teaching. He enlivened and reinforced his 
lectures with appropriate demonstrations, even though 
scarcity of the necessary equipment caused him con- 
siderable difficulty. He complained to Berzelius (July 
14, 1826): “Of all that I anticipated here and had a 
right to expect from the Ministry, I have obtained 
nothing.” The promised funds for the purchase of in- 
struments were not granted, with the consequence that 
he had to dip into his own pocket. At that time the 
men in authority in Germany, especially in Berlin, were 
indifferent or even inimical to the natural sciences. 
When Ostwald stated that ‘‘Mitscherlich was a hero in 
the battle for the light,”’ he was referring to the struggle 
against the natural philosophers, concerning whom 





7 Mitscherlich’s papers on ‘‘Benzin’’ are reproduced as No. 98 
(edited by J. Wislicenus) of ‘‘Ostwald’s Klassiker,” Leipsic, 1898. 
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Mitscherlich stated to Berzelius (May 30, 1827): “they 
declare war on the healthy human intelligence.””’ The 
battle against these obscurantists was difficult, because 
the authorities “had set aside an annual sum of 4000 
talers to support their activities.” On the other hand, 
the construction of a teaching laboratory was not au- 
thorized. In an illuminating letter (May 20, 1837) he 
told Berzelius: ‘The installation of my collections and 
apparatus consumes practically all pf the time which I 
can devote to scientific activities. In order to main- 
tain the building, and to spare myself other annoyances, 
I have taken upon myself a part of the expense of fitting 
up.the laboratory and all the cost of the scientific fur- 
nishings.”’ 

A man who thought thus, acted thus, and who made 
such wide-reaching discoveries, deserves not to be for- 
gotten. He died on August 28, 1863. 





® THE IODOMETRIC TITRATION OF ARSENITE IN 
ALKALINE SOLUTIONS 


Te normal oxidation potentials of iodine and 
arsenic acid are so close together that in an acid solution 
the reaction between arsenious acid and iodine is far 
short of completion at the equivalence point. How- 
ever, the half-cell reaction for the oxidation of arsenious 
acid involves the liberation of H+, 


HAsO, + 2H:O0 = H;AsOQ, + 2H*+ + 2e-, 


therefore, as the concentration of H+ is decreased the 
strength of arsenious acid as a reducing agent rises. 
There is little change in the strength of iodine as an 
oxidizing agent with change in pH, thus in neutral or 
alkaline solution the reaction between iodine and arseni- 
ous acid will take place with satisfactory completeness. 
If the solution is too alkaline, however, there may be a 
significant reaction between the hydroxyl ion and 
iodine and the equivalence point may be considerably 
overstepped by the time a starch end point is reached. 

The article which is universally referred to as estab- 
lishing the limits between which a satisfactory titration 
may be made is one by E. W. Washburn! on “The 
theory and practice of the iodometric determination 
of arsenious acid.’”’ For the acid range he calculated 
that 0.001% of the arsenic would remain unoxidized at a 
pH of 4 at equilibrium under the following experimental 
conditions as derived from his own work: I;-=2X 
10-7 M, I-=0.086, and H;AsO,+H2AsO,-=0.02 M. 
In the alkaline range he considered two possible reac- 
tions of iodine with hydroxy] ion: 


- +30H- = I0,- + 8I- + 3H+ (1) 
-+0OH- = HIO + 2I- (2) 


Equilibrium constants were calculated for these two 
reactions by combining hydrolysis constants for iodine 
with the water constant and with the ionization con- 
stant for I;~, then it was shown that, under equilibrium 
conditions and the same experimental data as before, 
0.001% excess of iodine would be used to form IO;- 
at a pH of 10, and a similar excess would be converted 
to H10 at a pH of 9. Washburn thus concluded that 
in his experimental work if the pH could’ be kept be- 
tween the limits 4 and 9 the errors inherent in the reac- 
tions would not exceed 0.001%. It was assumed, 
therefore, that the condition of maximum accuracy 
would be at the geometric mean of these two points or a 
pH of 6.5. 

To set up a buffered solution that would approximate 
a pH of 7 at the end point, three different systems were 
tried, (a) 0.12 M NaHCO; saturated with COs, (6) 


‘ WasHBURN, E. W., J. Am. Chem. Soc., 30, 31 (1908). 
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Na,HPO,+ NaHe2PO, to give a final ratio of 2:1, and 
(c) saturated H;BO;—Nae2B,O;. Weight burets were 
used to measure the 0.1 N iodine and arsenious acid 
solutions, the final end points and blanks being deter- 
mined by using 0.0025 N arsenious acid and 0.005 N 
iodine solutions. Duplicate titrations of approximately 
10 milliequivalents of arsenious acid gave an average 
deviation of 0.0025% and a maximum deviation of 
0.01%. Washburn’s comment on these results is, 
“Tt will be noticed that the conclusions of the foregoing 
calculations are completely justified.” 

In paying tribute to the accuracy of the analytical 
procedure developed by Washburn it should not be 
overlooked that the upper and lower limits of acidity 
proposed by him were derived wholly from calculations 
based on several equilibrium constants. No attempt 
was made to show that the titrations were equally ac- 
curate when these limits were approached. The only 
condition actually investigated was a pH of approxi- 
mately 7. As a matter of fact, the insistence that in 
the bicarbonate-carbonic acid system the solution 
should be kept saturated with CO, and the explanation 
given for an experiment which he described in this con- 
nection would indicate that he placed very little reli- 
ance on the alkaline limit, pH =9. 

It is interesting to note that the constant used for 
the hydrolysis of iodine to form hypoiodous acid and 
iodide ion was derived from an article by Sammet? in 
which the statement was made that the value for this 
constant is about 10-* to 10-". Washburn used 10~° 
for his calculation. In 1910 this constant was experi- 
mentally determined by Bray and his value corrected 
the next year by Bray and Connolly,’ the final figure 
being 3X10-!%. When this value is combined with the 
others used by Washburn and his calculations then re- 
peated, it is found that the concentration of H+ would 
need to drop to 4X10-" before the amount of HIO 
present would equal 0.001% of the total amount of I;~ 
used. 

However, this calculation fails to take into account 
the fact that HIO, although a very weak acid, would dis- 
sociate to a very large extent under these conditions. 
Latimer (‘Oxidation Potentials,’ Prentice Hall, 1938, 
p. 57) gives 1X10-!! as an approximate value for the 
ionization constant of HIO, based on the experimental 
studies of Furth.‘ Firth’s own report gave values 





2 SamMMET, Z. phys. Chem., 53, 640 (1905). 

3 Bray, W. C., ano E. L. Connotiy, J. Am. Chem. Soc., 33, 
1485 (1911). 

4Furrn, A., Z. Bhbivechin:, 28, 57 (1922). 
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ranging from 1.8 to 4X10—"! and stated that 2 to 3X 
10-" could be accepted with reasonable confidence. 
Experiments in this laboratory on the sensitivity of the 
iodine starch reaction in alkaline solutions favor the 
figure 3X10—".. When this is used to obtain the dis- 
tribution of hypoiodite radical between the two forms 
HIO and IO, it is found that with Washburn’s data the 
formation of HIO+IO~ would introduce an error of 
0.001% when the Ht+t=1.4X10-". 

This figure is much below the one calculated by Wash- 
burn for the interference due to formation of IO;- 
‘under equilibrium conditions at pH=10 the error 
would be 0.001%). Thus it seems probable that the 
titration of arsenious acid with iodine may be carried 
out satisfactorily in a more alkaline solution than is 
commonly believed and the first error to be encoun- 
tered will be due to the formation of IO3;~ rather than 
HIO+10-. 

Of the modern texts only Kolthoff and Furman 
(“Volumetric Analysis,’ John Wiley & Sons, 1929) seem 
to recognize this situation. Based on experimental 
studies by Kolthoff in 1919 the statement is made, 
“The pH may be between 5 and 11 in the titration of 
arsenious acid with iodine if the solution contains some 
iodide. The case is different in the reverse titration 
of iodine with arsenious acid. Up to pH=9.2 at the 
end of the titration the theoretical quantity of arseni- 
ous acid is transposed, at a higher pH, however, some 
iodine is oxidized to iodate and hence too little stand- 
ard solution is used.”’ In spite of this statement they 
give the procedure for the bicarbonate-carbonic acid 
buffering system. 

Since the textbooks in analytical chemistry have 
generally overlooked the work of Kolthoff and have 
gone back to Washburn for experimental details and 
theoretical discussion, it seemed worth while to carry 
out a careful series of titrations of arsenious acid in a 
more alkaline range than usual. A standard solution 
of sodium arsenite was prepared by dissolving 4.1485 g. 
of As,O; in 120 ml. of 3 N NaOH and diluting to one 
liter. After thorough mixing, 50.00-ml. samples were 
placed in 500-ml. Erlenmeyer flasks, treated with 150 
ml. of distilled water and 5 ml. of a freshly prepared 
starch solution, then various buffering agents were 
added and the solutions carefully titrated with an 
approximately 0.1 N solution of KI;. After the titra- 
tions were completed, the pH’s of the final solutions 











TABLE 1 
Titrations of Arsenious Acid in Alkaline Solutions 
Ml. KI; 
Buffering agents added Final pH solution used 
5 ml.5 N HCl + 5g. NaHCO; 6.9 42.63 
11.6 g. NaHCO; 8.7 42.67 
1.4 g. NHCl 9.3 42.66 
2.6 g. NaHCO; 9.6 42.65 
0.96 g. NH,Cl + 7.5 ml. 5 NV 
NH,OH 10.0 42.65 
1.6 g. NaHCO; 10.2 42.67 
1.6 NaHCO; + 4g 
Nae O; H,0 10.6 42.68 
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were determined with glass electrodes by a pH meter. 
The conditions and results are summarized in Table 1. 

It will be observed that only in the first case was the 
common practice followed of using a bicarbonate-car- 
bonic. acid buffer. In the others the sodium hydroxide 
in the original sample was converted to sodium car- 
bonate by the use of sodium bicarbonate, or to ammo- 
nium hydroxide by the action of ammonium chloride, 
and these conditions then modified by adding more 
sodium bicarbonate or sodium carbonate in the one 
series, or by using more ammonium chloride or ammo- 
nium hydroxide in the other. The results check as 
closely as one can work with a 50-ml. buret, the maxi- 
mum variation being only 0.05 ml. 

Following these titrations it seemed worth while to 
locate the point at which alkaline errors would put in an 
appearance. A fresh solution of sodium arsenite was 
prepared and aliquot portions of this were diluted and 
treated with NaHCO;+Na,CO;-H20 or with Nae- 
HPO,:7H.0 in amounts that would approximate final 
pH’s of 11, 11.5,and 12. The data and results are given 
in Table 2. 











TABLE 2 
Titration of Sodium Arsenite in More Alkaline Solutions 
Approximate Ml. KI; 
Buffering agents added pH solution used 
5 g. NaHCO; 9.6 40.94 
1.5 g. NaHCO; + 3.5 g. 
Na,CO;- HO 11.0 40.96 
1.5 g. NaHCO; + 13.6 g. 
1.5 g. NaHCO; + 45.6 g. 
29.3 g. NaxHPO,-7H2O 11.0 40.95 
11.1 g. Na2HPO,-7H20 11.5 41.07 
5.3 g. NazHPO,:7H2O 12.0 41.23 





It will be observed from experiments 1, 2, and 5 that 
the titration as carried out appears to be accurate up toa 
pH of approximately 11. However, as the solution be- 
comes more alkaline, significant amounts of the iodine 
are used up by a secondary reaction. The results with 
the sodium phosphate buffer are not as far off as in the 
sodium carbonate cases, possibly due in part*to an 
actual difference in the pH’s of the solutions, but also 
due in part to the fact that the solutions were swirled 
more frequently in the last two cases. To show how 
much difference this latter condition might make, two 
more solutions were prepared as duplicates of No. 3, and 
the titrations repeated. In the first, the solution was. 
swirled almost constantly while the iodine was added in 
rapid drops. In the second the iodine was run in a bit 
more rapidly but the solution was swirled only occasion- 
ally until close to the end point. The volumes of 
iodine used were 41.25 ml. and 43.25 ml., respectively. 
With rapid swirling to mix the iodine solution in very 
rapidly the secondary reaction took place to a con- 
siderably less extent than when the solution was 
swirled less frequently. 

In attempting to account for these experimental facts 
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it becomes necessary to consider in some detail the 
reactions which might occur when an iodine solution is 
added to an alkaline solution containing an arsenite. 
The following series of reactions, and the accompanying 
statements, are consistent with the facts. 


.~ = [- + I, K = 1.4 X 1073 (1) 
I, + HAsO, oh 2H,0 = HAsO,~~ a 2i- + 4H+ 


K = 7 X 107? (2) 

I, +H,O = HIO+I-+H+ Kye. = 3X10-% (3) 
HIO = H++I0- K =3xX10-" (4) 

3I0- = 10, + 2I- (5) 


(a) Reactions (1), (3), and (4) are readily reversible 
and‘reach equilibrium very rapidly. 

(b) Reaction (2) in reversible and in alkaline solution 
reaches equilibrium rapidly and goes practically to 
completion. 

(c) Reaction (5) is not reversible in alkaline solution, 
it takes place rather slowly and is negligible at a pH 
less than 11 where the concentration of HIO and its dis- 
sociation are so low that only extremely small amounts 
of IO~ are present. 

(d) In alkaline solutions IO;~ will not oxidize arseni- 
ous acid. 

An experimental justification for statement (a) 
may be demonstrated as follows: To 250-300 ml. of 
distilled water add 1 g. KI, 5 ml. of starch solution, and 
1 drop of 0.1 N iodine solution. A deep blue color 
develops. Add 5 ml. of 3 N NaOH and swirl to mix. 
The color promptly disappears due to conversion of I; 
to IO~ by reactions (3) and (4). Now add 6 to7 ml. of 
3 N NH,Cl and swirl. The blue color reappears with 
equal promptness, showing the formation of I, again by 
reversal of reactions (3) and (4). 

Statement (b) is justified by the fact that the reaction 
lends itself effectively to the use of As,O; as a primary 
standard in determining the concentration of iodine 
solutions. In slightly acid solutions equilibrium is 
reached rather slowly, but in alkaline solutions there is 
no need for delay in approaching the end point. 

The statement concerning the nonreversibility of 
reaction (5) in alkaline solution is justified as follows: 
a mixture of 1 g. KI, 1 g. KIO3, and 5 g. NaHCO; is dis- 
solved in 300 ml. of distilled water and starch solution 
added. The solution remains colorless. Even the 
addition of several grams of NH,Cl fails to produce a 
blue color. The further fact that this reaction takes 
place slowly is shown by reference to the previous ex- 
periment in which the blue color was destroyed by 
addition of NaOH and then returned when NH,Cl was 
added. If the IO~ reacted rapidly to form IO3;~ and I- 
the solution would have remained colorless after treat- 
ment with NH,Cl. Asa matter of fact, if the treatment 
with NaOH and then NH,Cl is repeated several times 
in succession it will be noted that the depth of the blue 
color falls off appreciably, indicating that a recognizable 
part of the iodine is being converted, to I0;~ while the 
solution is colorless. 

The fourth statement requires justification by a 
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quantitative experiment. For this purpose a 50.00- 
ml. sample of the sodium arsenite solution used in 
Table 2 was treated with 1 g. KIO; and 5 g. NaHCO, 
then diluted to 250 ml., and titrated with the iodine 
solution. The volume required, 40.95 ml., was iden- 
tical with that used in titrations (1), (2), and (5). 

From these considerations it appears that when the 
iodine reagent is added to an alkaline arsenite solution 
there are two reactions competing with each other for 
the iodine. One involves the oxidation of the arsenite 
to acid arsenate ion, the other the formation of I0;~ and 
I- through IO~ as an intermediate. For this purpose 
it is unimportant whether the oxidation of the arsenic is 
done by I;~, Iz, HIO, or IO-. All are capable of do- 
ing it, although in a dilute aqueous solution between a 
pH of 7 and 10 it may be noted that the oxidizing iodine 
will be there chiefly in the forms I; and I;~. The main 
fact is that up to a pH of 10 the rate of formation of 
I0;~ is so low that essentially all the iodine is used to 
oxidize the arsenic and only negligible amounts are 
changed to IO;-. Even at a pH of 11 when the titra- 
tion is carried out at a moderate rate with reasonable 
swirling or stirring the amount of IO;— formed is 
insignificant. However, at a pH of 11.5 a considerable 
fraction of the iodine is promptly changed to IO~ and 
the formation of some IO;~ can then be recognized by 
the excessive consumption of the reagent. 

Since the conversion of IO~ to IO;~ and I~ can now 
take place at a moderate rate even though it is much 
slower than the‘oxidation of the arsenite, it is evident 
that the amount of 10;— formed will vary considerably 
with the conditions of the titration. If the solution is 
swirled or stirred vigorously during the titration so that 
the iodine is distributed very quickly throughout the 
solution, then the amounts used in each of the reactions 
will be a fair measure of their relative rates. However, 
if local excesses of iodine are permitted to accumulate, 
the arsenite in direct contact with these areas may be 
completely oxidized, but the free IO~ still present may 
continue to change to IO;- and I-. Under these condi- 
tions, at the end of the titration considerably more of 
the iodine will have been converted to I0;~. This is 
the explanation of the experiment in which only 0.3-ml. 
excess of the iodine was used under the conditions of 
rapid swirling, while with occasional swirling the excess 
was 3.3 ml. With moderate swirling, as in the ordinary 
titration, 1.75-ml. excess of the iodine solution was re- 
quired to reach the end point. 

By using the proper ionization constants it is possible 





TABLE 3 


Distribution of Iodine Added between IO- and I;- + I 
at Higher pH’s and Different I- 








I- pH % I0- % I~ +] 
0.03 11.0 ll 84 
0.03 11.5 54 40 
0.08 12.0 90 6.7 
0.1 11.0 1.2 98 

0.1 11.5 ll 88 

0.1 12.0 54 44 
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to calculate the distribution of the iodine reagent 
added among the forms I;~, IO-, and Iz. However, 
since iodide ion is a product in the dissociation of I;— 
and in the hydrolysis of I:, it is evident that the dis- 
iribution of the iodine will depend also on the concen- 
iration of I- in the solution. For these calculations 
‘wo values were tried, 0.08 M I- and 0.1 MI-. The 
results are given in Table 3. 

At a pH of 11, with I-=0.03 M, the reagent added 
will be largely in the form of I;~ and I:, with only a 
small fraction present as IO-. As the pH rises there 
ig a marked shift to more IO~ and less I;~+ Is, but as 
the concentration of I~ rises the reverse effect is noted. 
From this it would appear that by increasing the con- 
centration of I- the error due to the formation of I0;~ 
should be reduced. To check this point experimentally 
two final samples of sodium arsenite were titrated under 
the same conditions as in Table 2, cases 3 and 4, except 
that 3.5 g. of KI were added to make the solution 
approximately 0.1 M with I~ at the end of the titration. 
The results, 41.03 ml. and 41.72 ml., when compared 
with the amounts of iodine used without the excess KI 
(41.70 and 42.53, respectively) offer significant confirma- 
tion of the point of view here expressed. a 

There still remains one element of mystery to be 
solved. That is the problem of explaining the experi- 
ment described by Washburn in which the titration was 
carried out in a beaker, then when the end point was 
reached the solution was stirred for thirty seconds and 
the color disappeared. On adding a few drops of hydro- 
chloric acid carbon dioxide was evolved and the color 
immediately returned. Washburn’s own explanation 
of this, which seems to have been universally accepted, 
was that as the solution was stirred carbon dioxide was 
lost, the solution became more alkaline, and the iodine 
reacted with the OH~ to form HIO andI-. On adding 
the HCl this reaction was reversed. Others have re- 
ported seeing similar effects so the experimental facts 
may be accepted. 

Before attempting to offer an alternative explanation 
of the facts it may be observed that it is only when the 
amount of free iodine is extremely small that the color 
will disappear as quickly as was indicated. In the 
titrations described in this paper 500-ml. Erlenmeyer 
flasks were used for convenience in mixing and the end 
point was reached by adding fractional drops of approxi- 
mately 0.1 N reagent. Under these conditions the 
concentration of free iodine at the end point would be 3 
to 5X10-* M. In many cases the flasks were covered 
with small beakers and permitted to stand for a number 
of hours to test the stability of the color. In other 
cases the solutions were poured into beakers and stirred 
to see how readily the color might disappear under these 
conditions. In the open beaker the color did disappear 
more rapidly than in the covered flask although even in 
that case, with frequent stirring and standing, the color 
would normally persist for an hour or more except when, 
dealing with the more alkaline solutions in the JH range 
of 11 or higher. This difference in times as compared 
with Washburn’s figure may be due to the difference in 
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concentrations of free iodine at the end point. He 
claimed to have obt&ined end points with as little as 
210-7 M free iodine present. Obviously it would 
take less time to use up that amount of iodine by a slow 
reaction than would be needed for the larger amounts of 
iodine involved in the end points here reported. 

Washburn’s titrations were carried out at a pH of 
approximately 7, 7. e., NaHCO; was 0.12 M and the 
solution was saturated with CO. Under these condi- 
tions it is extremely doubtful if the stirring would have 
reduced the concentration of CO: sufficiently to exceed a 
pH of 7.5, while to reach a pH of 9 it would be necessary 
to remove all the free CO: as well as part of that formed 
by hydrolysis of the NaHCO3. It is obvious, then, that 
the loss in color cannot be explained in terms of simple 
conversion of the iodine to HIO and I-. 

Three other possible ways in which the iodine might 
disappear may be considered. One involves the simple 
mechanical process of volatilization of iodine from the 
solution. A second deals with the reaction by which 
IO- changes to IO;~ and I~ by auto-oxidation and 
reduction. The third considers the possibility of 
absorption of oxygen from the air with oxidation of the 
iodine to 10;~ in the alkaline solution. Of these, the 
second can be ruled out immediately, because it would 
involve reagents already present in the solution and 
should take place as readily in the covered flask as in 
the open beaker. It should even take place in a stop- 
pered bottle, yet Washburn reported that under those 
conditions the color persisted for as much as two weeks. 

So far as the other two effects are concerned, the dif- 
ference in time required for the solutions to become 
colorless in the covered flask and in the open beaker 
could be accounted for equally well by either of them. 
To distinguish between the two it is necessary to apply 
tests for IO;— on the colorless solutions. This is easily 
done by merely acidifying the solution. If there is any 
103~ present it will react with the I- to form free iodine 
and the blue color will again appear. When this was 
tried positive tests were obtained, showing that in the 
disappearance of color some oxidation to 10;~ had taken 
place. This, of course, does not completely exclude any 
loss of iodine by direct volatilization, but it does offer a 
basis for explaining the restoratior of color when the 
solution is treated with hydrochloric acid. 

When hydrochloric acid is added to a slightly alkaline 
solution containing I~, 103;—, and starch solution, local 
areas are set up in which the solution is actually acid 
and iodine is liberated even though the amount of acid 
added is less than sufficient to acidify the whole solu- 
tion. A simple demonstration of this may be carried 
out by adding about 1 g. of KI, 0.1 g. of KIO;, and 2 to 
3 g. of NasCO;-H20 to 200 to 250 ml. of distilled water 
containing a little starch solution. After stirring to 
dissolve and mix thoroughly let 2 or 3 drops of 5N HCl 
fall into the solution. Locally an effervescence can be 
seen and on stirring a blue color is obtained, yet if the 
solution is tested it will be found to be quite alkaline. 
Actually the HCl added is less than sufficient to chanze 
all the NasCO; to HCO;-. 
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Probably most chemists have encountered these 
“local action” effects in the process of mixing solutions 
even though the theoretical discussions frequently seem 
to assume that the mixing is instantaneous. Another 
local action effect which is particularly pertinent to this 
paper and which is not well known, may be seen in the 
following experiment. Place 5 g. of NasCO;- HO, 2 g. 
of KJ. and 250 ml. of distilled water in each of two 
flasks. To the first add 5 ml. of starch solution and a 
drop of 0.1 N I; solution. Swirl and note the formation 
of a blue color. To the second add the iodine solution 
first and then the starch solution. In this second case 
the reaction of the iodine with the OH~ formed by hy- 
drolysis of the NazCO; reduces the concentration of free 
iodine to the point where it will not give the blue color 
when the starch is added. In the first case, however, 
with the starch already present when the iodine is 
added, there are local areas in which the concentration 
of free iodine is sufficiently high to cause the formation 
of the blue color. In continuation of this experiment, 
it is instructive to let both of the flasks stand and observe 
them from time to time. Even after an hour the first 
solution will be colored and the second colorless. Evi- 
dently when the color has once been produced it will 
persist even when the concentration of free iodine has 
been lowered to a point where it will not cause the color 
to form. Eventually the blue solution will become 
colorless, due finally to oxidation of the iodine to IO;-. 


SUMMARY AND CONCLUSIONS 


(1) It has been shown by use of Washburn’s data 
and the proper equilibrium constants that the error 
due to reaction of Iz or I;~ with OH- to form I~ and 
IO-+HIO would be only 0.001% at a pH of 11.85. 

(2) Direct titrations of sodium arsenite solutions in 
the presence of various buffering agents gave identical 
results, within the accuracy of using a 50-ml. buret, 
when the final pH as measured by a pH meter ranged 
from 6.9 to 10.6. 

(3) On titrating sodium arsenite in a more alkaline 
range (pH calculated=11.0, 11.5, and 12.0) the results 
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at pH=11 were identical with those obtained in less 
alkaline solutions, but at a pH of 11.5 a significant 
excess of iodine was used, and at a pH of 12 still more 
was required to obtain an end point. 

(4) In solutions sufficiently alkaline, and with low 
enough concentrations of I~ to permit the formation of 
moderate amounts of IO-, a secondary reaction takes 
place at only a moderate rate involving an auto-oxida- 
tion.reduction reaction of IO- to give IO;— + I-. 

(5) The slow decolorization of a titrated solution on 
standing in an open beaker involves oxidation of the 
iodine to 10;~, probably combined with some volatiliza- 
tion of the iodine. 

(6) On the basis of these studies the following pro- 
cedures were proposed and tried for the standardiza- 
tion of 0.1 N iodine solution against AsO; as a primary 
standard. 

Weigh out several samples of AssO3, keeping the 
weight close to 0.23 g. to avoid using more than 50 ml. of 
the iodine solution. 

(a) Use 3 g. of NagCO;-H2O and 20 ml. of distilled 
water to dissolve the As,O;. Heat to 60-70°C. and 
swirl gently until clear, rinsing down the walls of the 
ask to be sure all As2O3 is dissolved. Dilute the solu- 
tion to 100 ml., cool, add 1 g. of NaHCOs, and titrate 
with the iodine solution. By this procedure the pH will 
be approximately 10.4 at the start and 9.5 at the end. 

(b) Use 10 ml. of 3 N NaOH (in place of the 
NazCOs) to dissolve the As,O3, keeping the solution cold. 
Swirl gently until dissolved and rinse down the walls of 
the flask to be sure all the As,O; is dissolved. This solu- 
tion was then diluted to 100 ml. and two different 
methods of buffering were tried. In some cases 3 g. of 
NaHCO; were added, in others 2 g. of NH,Cl. Then 
starch solution was added and the titration carried out. 
The NaHCO; method gave a pH of approximately 11 
at the start and 10.5 at the end, while the NH,Cl gave 
approximately 9.9 at the start and 9.4 at the end. 

Duplicate titrations on each of two different batches 
of As,O; by all three of these methods gave identical re- 
sults within the limits of weighing and reading the buret. 





Oxidation 


Max Epstein of the New Utrecht High School, 
Brooklyn, New York, some time ago sent us a sugges- 


tion for a demonstration. 


Melt some potassium 


chlorate in a large test tube held in a clamp over a 


burner. 
out of the way! 


Drop in a small roll of steel wool—but keep 
Complete oxidation. 


It may be 


added that a long wooden splint is a good substitute 


for the steel wool. 


It is always surprising that cold 


wood can actually be ignited in this way. 
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» W. F. HILLEBRAND AND SOME EARLY 


LETTERS’ 


Amonc the family possessions, Professor H. N. Hille- 
brand, former chairman of the Department of English of 
the University of Illinois, found fifty-one letters (3) 
written by his father between the years 1881-85. They 
were addressed to Dr. S. F. Emmons who was the 
geologist in charge of the newly created Rocky Moun- 
tain Division of the U. S. Geological Survey. These 
letters were written in the clear, old-fashioned script 
used before assistance from typists made writing less of 
an art. They begin with the formal salutation, “I have 
the honor,” and end with the proper, ‘Very respect- 
fully, Your obedient servant,” as was the custom of the 
time. 

These informal communications have considerable in- 
terest to analytical chemists. They appear to be per- 
sonal comments about early analytical problems in this 
country, which were written in addition to the required 
monthly reports to the Washington office. The notes 
describe the perfecting of analytical methods and empha- 
size the keen mind and intellectual attitude of the 
author. The account of the discoveries of new minerals 
in the recently opened country has a fascination for any 
research worker. They contain speculations and in- 
terpretations which would be impossible in material to 
be presented for publication. They were composed 
early in the career of the man who became the acknowl- 
edged leader and greatest force in mineral chemistry in 
the United States. Many comments are prophetic 
since they indicate the now well-known direction which 
Dr. Hillebrand’s accomplishments would take. 

Dr. Hillebrand’s connection with the U. 8. Geological 
Survey began almost at the time of its organization (8) 
under a law which was passed by Congress on March 3, 
1879. The duties of the director were to oversee the 
classification of public lands, examine geological struc- 
ture, mineral resources and products. No personal or 
private interest in mineral wealth or lands could be 
served. For ease of administration, the country was 
divided into geological units, one of which was the 
Rocky Mountain Division, comprising New Mexico, 
Colorado, Wyoming, Montana, Western Nebraska, and 
southwest Dakota. Although inspections of this area 
had been made prior to this law for such purposes as 
military exploration, international boundary deter- 
minations, and railroad surveys, the new enactment 
accomplished a consolidation of such enterprises. In 
1879 Dr. Hillebrand had just returned to this country 

1 Presented before the Division of History of Chémistry, at 


the 115th Meeting of the American Chemical Society in San 
Francisco, March 27, 1949. 
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after his excellent training at Heidelberg under Bunsen 
and Kirchhoff and at Strasburg under Fittig (//, 72). 
Knowing of this newly created Geological Survey and 
realizing its need for chemical analysts, Dr. Hillebrand 
applied for a position with the organiztion, but he was 
not employed. Still certain that the western part of the 
country offered splendid opportunities for the develop- 
ment of his interests, the young chemist petitioned for 
and did obtain a position as analyst at Leadville, 
Colorado. The Survey bulletins (9) show the extra- 
ordinary growth of this locality. With the discovery 
of three productive surface mines, active prospecting 
had begun in 1877. The nucleus of the city first known 
as Agassiz, later to be called Leadville, with a few cabins 
and less than two hundred inhabitants had been built. 
When the great richness of the mineral resources of the 
area were realized, geological field work was carried on 
in the neighborhood until the winter snows prohibited 
further prospecting. By 1880 there were 15,000 in- 
habitants in Leadville and twenty-eight miles of 
streets, part of them lighted by gas. All the attendant 
public buildings, including opera house and theaters, 
were finished. The assessable property was valued at 
$30,000,000. The Survey by this time had built and 
equipped a laboratory there, but many private com- 
panies, which were booming, needed the services of a 
trained analytical chemist. The famous “Ten Mile 
District” near Leadville, at an altitude of 11,000 to 13,- 
000 feet, still remained one of the chief interests of Dr. 
Hillebrand after he left. 

In 1880 Dr. Hillebrand was invited to join the Survey 
staff in the position for which he had been a candidate, 
at a salary of $2000. His name appears on the roster of 
the Rocky Mountain division (8) as the only chemist 
in a list of thirty-nine names. Dr. Hillebrand, whom 
few could equal both for quality and quantity of labora- 
tory work, published with his assistants at least a dozen 
papers in the next five and a half years. In addition, 
with Whitman Cross, a 109-page bulletin was compiled, 
“in their spare time.” The Survey bulletins themselves 
were impersonal, although Hillebrand’s individual work 
appears at intervals. In these bulletins there is little 
difficulty in detecting that the so-called ‘“chemic”’ work 
was always regarded as subordinate to the “geologic” 
(10). 

The letters (3) present a very human record and 
create a variety of impressions. If not of absorbing 
interest, they are part of the solid base upon which 
American chemistry was erected. They are the con- 
crete evidence of the labor, hopes, and ideas of a young 
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man whose later distinguished career carried out the 
promise indicated in his early research. Perhaps the 
letters had been kept by the family because they repre- 
sented those busy early days which were the prepa- 
ration for the future. Even though the letters are but a 
minute part of the whole tale, they call to mind the 
vivid history of the western settlers. Here is a portion 
of the story of the search for new and valued mineral 
resources, undertaken by the Geological Survey as a 
government agency. For the chemist they represent 
not only noteworthy records of the successes and fail- 
ures so well known to every research man but also a re- 
markable example of the fine understanding and self- 
discipline so essential to scientific endeavor. 

In Denver, far from the center of chemical activity 
and in a new laboratory, one of the initial problems men- 
tioned by Dr. Hillebrand was the consideration of re- 
quired equipment. Because the sum which he had to 
spend was not large the need for economy was often ex- 
pressed. The first letters discuss the importance of a 
solution of high specific gravity to separate the different 
mineral constituents in the heterogeneous rocky ma- 
terial. Goldschmidt’s method, the Thoulet solution, 
and a borotungstate solution were proposed. The lat- 
ter took two or three weeks to prepare but Dr. Hille- 
brand assured Dr. Emmons that by varying the tem- 
perature more adequate separations could be made. 
In the end, time would be used more efficiently. Dr. 
Hillebrand was evidently handicapped the first few 
months by lack of a spectroscope, which a student of 
Bunsen could not fail to consider essential. The instru- 
ment finally arrived at a cost of $81 with $4 extra for the 
express. That seemed exorbitant but the chemicals 
ordered at the same time were about $4 less than ex- 
pected. The kind of battery to be adopted was dis- 
cussed in several letters. Although the type which used 
sulfuric acid alone for the conduction liquid was avail- 
able, the chromic acid unit was selected as more prac- 
tical. An electromagnet with a rheostat for sepa- 
rations, the desired quantity of platinum dishes, and a 
drying oven to maintain regulated high temperatures 
were gradually added to the laboratory. This oven was 
needed to determine the so-called basic water in min- 
erals, in contrast to the water that was lost to sulfuric 
acid as a dehydrating agent in a desiccator. 

The purity of the reagents had to be determined with 
skill, patience, and time before they were used. While 
doing this Dr. Hillebrand discovered and reported that 
acids from a well-known supply house had too much 
iron, calcium, and magnesium to be used for silicate 
tests. He remarked that he would in the future buy no 
more from this company. Later, he ascertained that 
the lead acetate which he had been using had had 
enough silver in it to give unreliable results. He found 
imperfections in the furnaces and impurity in the bone 
ash cupels. No wonder that he then began his vigorous 
action against faulty reagents and equipment for chemi- 
cal analysis which had rendered valueless days and 
weeks of labor. 

Retarded operations were regretfully recorded in the 
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letters. Not all postponements and delays were due to 
chemical problems. Fortunately, illness came rarely. 
In connection with the laboratory property, boundary 
disputes and new construction problems were delegated 
to the chemist. Since the building was located near a 
stream Dr. Hillebrand wisely supervised the erection of 
pilings some twelve feet out from the shore in order to 
fill in more land. This proved to have been prudent 
since a flood mentioned later did not damage the labo- 
ratory proper. Sometimes the arrival of equipment was 
delayed. Large crucibles for a type of assay which 
“gave the greatest accuracy for the least time ex- 
pended” failed to appear as promised. Once the pres- 
sure of the gas mains was so low for a matter of weeks 
that some work could not be done at all, and what was 
done took three or four times as long. At the end of his 
assignment in Colorado, Dr. Hillebrand wrote asking for 
“a clear month here to finish the mineralogical work that 
Iam now on. This month in that respect has been one 
of the most unfortunate ones in which, notwithstanding 
the greatest care, everything at times seems to go 
wrong; beakers break, something is spilled, causing 
exasperating delay which it does not do to fret about or 
something else is sure to happen.” 

The comments on the analytical work were not about 
routine determinations but concerned with unusual 
items which came to the laboratory. They are very 
stimulating reading for a man starting a similar career. 
The technique was as flawless as could be devised for the 
time when it was used. Dr. Hillebrand introduced few 
original methods but left none which he used unim- 
proved in the interest of accuracy. He emphasized to 
his superiors the need to take the added time for dupli- 
cate and even triplicate analyses, noted the magnifica- 
tion of experimental error when the size of the sample 
was too small, described days of search with the micro- 
scope to obtain pure samples, and frequently questioned 
the accuracy of the work of others. At times Dr. 
Hillebrand discussed published formulas for minerals 
which were in no way substantiated by the accompany- 
ing analysis. He pointed out why baryta had been 
missed by earlier workers in the Rocky Mountain Dis- 
trict. During his last year in Denver he demonstrated 
the utter impossibility by known methods to separate 
and identify quantitatively what he called the mixtures 
of columbic, tantalic, and titanic acids from the Leucite 
Hills. In his last contribution, the book by Hillebrand 
and Lundell which was published in 1929 after Dr. 
Hillebrand’s death, it is stated that the separation of 
columbium and tantalum when present together is beset 
with the greatest obstacles. Dr. Hillebrand described 
the simple expedient of dissolving the free sulfur in a 
mineral sample in which the ratio of sulfur to metal con- 
tent appeared to be faulty by using carbon disulfide. 
The percentage of sulfur after the removal of the un- 
combined element was in agreement with the theoretical 
values for the metals present. 

Naturally, the wealth of mineral matter in the great 
region which the laboratory served yielded from time to 
time samples which gave promise of being new to the 
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region, the United States, or science. Such investi- 
gations were perhaps the most stimulating and reward- 
ing which were done. All the suppressed excitement of 
the trained, conservative research man is evident in the 
lines which Dr. Hillebrand wrote about such findings. 
Among the number new to the area or to the country 
was gadolinite found near Pikes Peak which was said to 
be “hitherto known only in Norway and one or two 
places in Germany.” Samarskite which was interest- 
ing in view of the newly devised Periodic Table was 
identified. Then, as now, uranium ores were rare. 
Zircon, allanite, an opaline, and phosphates of the rare 
earths were recognized. For months the letters refer 
to an effort to define accurately an elusive new mineral. 
Tentatively, Dr. Hillebrand thought that he had some- 
thing unique and wanted to name it Emmonsite for his 
chief. Then he felt forced to withdraw his claims and 
suppress his hopes. Later he tried to find a second 
sample on an expedition away from the laboratory. 
Having no success in the time which he allowed for the 
trip, he wrote that he did not pursue the search since it 
would have required an extra day which he did not feel 
at liberty to take. Somewhat later the name Emmon- 
site was used by Dr. Hillebrand to designate a new fer- 
ric telluride said to be the first of the natural tellurides. 

Unusual formations led to a discussion of the origin 
of iron near Leadville and of meterorites. The letters 
contain little further speculation about geological theo- 
ries, although the analytical work which was being 
carried out in the chemical laboratory with its exact 
notations of the localities from which the samples were 
obtained were an integral part of the history of the rock 
formation in that area. Dr. Hillebrand presented some 
arguments that a certain iron oxide was a product of the 
decomposition of a sulfide. The crystals were not at all 
large and the sulfide seemed to be permeated with the 
oxide. The distinction between original rock matter 
and disintegration or alteration products was, when re- 
quired, painstakingly ascertained. In connection with 
the discovery of a new lead and arsenic sulfide, Dr. 
Hillebrand offered his deductions. At that time it was 
thought that metallic sulfides were deposited from solu- 
tion in the cavities or fissures of rock material or were 
replacements of certain or all constituents in rocks. 
Since this new ore was one-half the volume of the lead 
arsenic sulfide and its crystals distinct and unattached 
it seemed unlikely that they were deposited by precipi- 
tation. Of several alternatives, Dr. Hillebrand sug- 
gested that the ZnS might at one time have been in 
plastic or liquid state and formed under heat and pres- 
sure. The pressure would have been required or the 
sulfur and arsenic would have been expelled. There- 
fore from this plastic magma the new mineral, which was 
named zunite, could have crystallized. Dr. Hillebrand 
concludes his suggestion to the geologist, Dr. Emmons, 
by writing, “The remarks may not possess much value 
but I give them for what they are worth.” 

To conform with government regulations, requests to 
read papers before the Colorado Scientific Society in 
which Dr. Hillebrand was active had to be submitted to 
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Washington. Once, when the decision to report on 
some of the work was made too late for a reply by letter, 
this conscientious man asked that denial, if it was made, 
should be telegraphed to him at his expense. This 
scientist who devoted himself to his work with an in- 
tegrity that did not allow him to hunt for a second pos- 
sible sample of a ‘‘new’’ mineral because to do so would 
take him away from his laboratory “‘a day longer’”’ was 
to miss the discovery of helium from the mineral clevite 
which he was examining. His ability and observational 
powers were not at fault. He did see the unfamiliar 
lines in the spectrum but his duties at the time seemed 
to preclude further search. The letter which he wrote 
to Sir William Ramsay, who made the discovery, is said 
to be one of the finest and most generous to a colleague 
to whom the great honor went when Hillebrand as he 
himself said “missed his chance” (12). 

Not infrequently, sample ores which they hoped 
would prove valuable were sent in to the laboratory by 
an individual in spite of the fact that work was not done 
there for private interests. Dr. Hillebrand did perform 
one such analysis which was “wholly in the interest of 
science.”’ The account of another sample with all the 
earmarks of deception was quite engrossing. This was 
a clayey material from New Mexico about which Dr. 
Hillebrand wrote at length. He would have done noth- 
ing with it except he thought that if fraud were sus- 
pected he should “unearth it for the public good.” He 
wrote: 


‘‘With the specimens there was a long description of the various 
claims made by a French and an American Company, who were 
said to have taken up thousands of acres of placer workings and 
spent much time in perfecting a secret method for extracting 
the larger quantities of silver, gold, and platinum in the earth 
metals which no known process of analysis or assay will detect, 
as they are present in hitherto unknown compounds. T. W. 
Morgan Draper is the head of the American Company with a 
certain Tyler, while a French count is connected with the other. 
They claim fabulous quantities of gold in their diggings. The 
connection of Draper with the affair does not lessen my dis- 
belief in the existence of the bonanza. From the published 
accounts it seems as if a great fraud were about to be perpetrated 
and great crowds are beginning to flock to the region. For 
my own edification, I examined the specimens in such a way 
that there could be no possible loss by volatilization and could 
find neither silver, gold, nor platinum. Tin I did not look for. 
The appearance of the specimens is in themselves enough to 
condemn them. It may be that the companies know of deposits 
or veins which are really metalliferous but the specimens sent 
are claimed to be identical with those which are said to be 
rich.” He then asked, “If further specimens are sent accom- 
panied by affidavits as to when and where they are taken, would 
it be within my province to test them and publish the results?” 


In February, 1883, Dr. Hillebrand had a request from 
Mr. Emmons to investigate the Colorado coal fields. 
His reply indicates the thoughtful study which he 
always made. He wrote: 


“T am not aware that any elementary analyses of coals from 
this state have been made. Owners of mines and consumers 
being equally content with knowing the proportions of ash, 
volatile and fixed combustible matter and water. For a complete 
knowledge of coals with regard to classification and applicability 
to different uses it is important and in fact necessary that the 
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proportions of C, H, O, N, 8, and composition of ash should be 
known, moreover the absolute specific and pyrometric heating 
values. If it is merely desired to know where to place them, 
whether among lignites, bituminous, or anthracite coals, it is 
generally sufficient to know the portions of C, H, and O in them. 
But in order to find the oxygen, and that only approximately, it 
is necessary to determine first the carbon and oxygen and also 
frequently the nitrogen which may amount to 2 per cent or more. 
The oxygen cannot be determined directly, but only from the 
difference. Each analysis of carbon and hydrogen would have 
to be made in duplicate to insure accuracy and at least two or 
three days would be required for each coal, especially if nitrogen 
is to be determined since each determination has to be made in 
the same combustion furnace and only one can be made at a 
time.... For such comparatively simple investigations we are 
not at all prepared in the laboratory.” 


Dr. Hillebrand went on to enumerate other pieces of 
equipment which would be needed for coal analysis. 
They were a gasometer, a copper retort to make oxygen, 
a platinum combustion boat, chromate of lead and other 
chemicals, all of which would have to come from New 
York and cost from $40 to $50. He cited German 
methods of sampling and predicted that it would not be 
possible to have such work done for him in the field. 
This indicates clearly that there was need for revision of 
the standards for coal analysis at this period. 

It is tempting to become historically minded and 
linger over the names of the localities to which Dr. 
Hillebrand refers and from which he obtained his 
samples. An imaginative mind would pause and pon- 
der over such designations as the following: “No Name 
Gulch,” “Snow Bird Mine,” ‘Morning Star,” “Maid of 
Erin,” “Brobdingnag,” “Fairplay,”’ “Poverty Gulch,” 
the “Little Harry” and “Little Ella” shafts, ‘“Monte 
Christo,” “London,” and the “Rebel Warrior” and 
“Yankee Hill’ side by side. There were other names 
less picturesque. Doubtless the well-known Spring- 
fields across the nation present more concrete evidence 
of the relationship between the pioneer and his past, yet 
these names are mute evidence that all manner of men 
flocked westward to seek their fortune in the mining 
area. 

There is little personal matter in the letters until the 
notice of the possible removal to Washington. At first 
Dr. Hillebrand wrote in May of 1885: 


“While on many accounts I should like being transferred to 
Washington, there are others quite as strong if not stronger 
which incline me to remain here if possible. The field for 
mineralogical research is so great in this western country and 
mineral analysis is so much to my taste as also such investigations 
on such difficult problems as the Leucite Hills rocks, that I 
would be loathe to leave a field so attractive. Of course I know 
that by remaining here, I should not be at liberty to devote all 
my time by any means to work of this kind but opportunities for 
it would undoubtedly offer as in the past. The experience 
gained already in this line has been of great value to me and a 
year or two more of work on such rare and difficult substances to 
analyze as have already come under my observation in number 
would, I think, go far toward making me one of the most ex- 
perienced analysts in the country, and first class analysts in this 
field are by no means very plenty. By remaining here for a time 
at least, I think I should be able to do both myself and the Survey 
more credit than by being put upon the perhaps somewhat less 
pleasing though certainly not less important work in Washington 
which you mention. At the same time, I know full well that 
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mineral analysis must be subordinate to the other chemical 
work more directly connected with the geological explorations of 
the Survey and therefore do not expect attention to be paid to 
my personal likings in the matter. Whatever work may devolve 
upon me, I shall always execute in the future, as in the past, to 
the best of my ability.” 


Finally, all plans for the move were made at a time 
when the most of the work was done for the season and 
before the winter might make transportation hazardous. 
Dr. Hillebrand had written that as long as he had had 
but two weeks’ vacation that year he hoped that it 
would be possible for them to allow him the other six- 
teen days to’ pack his household goods. He also ex- 
pressed appreciation for help in locating a house. He 
wrote: “TI shall want one with three bedrooms besides 
that for the girl. Thirty dollars will probably be the 
highest figure I shall be able to pay and then only if 
nothing at all suitable for a lower price can be obtained.”’ 

After Dr. Hillebrand transferred to Washington he 
remained with the Survey until he was appointed the 
chief chemist of the Bureau of Standards in June, 1908 
(1). His attainments and his position made him one of 
the most influential men in his field of analytical chemis- 


try. The gradual expansion of his beneficial domina- . 


tion developed directly from his western experience. 
He exerted this influence in three general ways. His 
published papers were models of simplicity (5) and ex- 
cellence for his readers to follow. He was frequently 
made not only a member but the chairman of authorita- 
tive committees to oversee analytical procedures. His 
supervision of the chemical publications in his field con- 
tinued a lifelong vigilance over analytical chemistry. 
His colleagues felt that he did as much as any man in 
American chemistry to place analytical work on a sound 
basis. 

Dr. Hillebrand joined the American Chemical Society 
in 1893 (2) at the time when the society was expanding 
into an organization of national scope. His contribu- 
tions to the society began at once with a paper (4) 
delivered before the Baltimore meeting in December of 
the year he joined and entitled “A Plea for Greater 
Completeness in Rock Analysis.” This paper was the 
first of a number on the general subject of raising the 
standards of analytical work, which was a project for 
which he had the passion of a crusader. He pointed out 
the uselessness of much contemporary analytical writ- 
ing, the want of appreciation of the significance of small 
quantities of impurities which were often neglected by 
analysts, the variability of analyses done at different 
times, and urged greater accuracy and microscopic ex- 
amination before chemical investigation. In this plea 
all his wide knowledge of current methods and his prac- 
tical work in the West supported his statements. His 
later published addresses (few in number, since he was a 
man of works and not words) comment fully upon the 
same themes. When he was awarded the Chandler 
Medal in 1916 his address was on the subject of his be- 
loved ‘Analytical Chemistry and Its Future” (6). 
Here again was an entreaty for superb analytical work. 
In addition he emphasized the value of precise technique 
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in the practice of electrochemistry, physical chemical 
measurements, metallurgy, and rare-element studies. 
He concluded with an appeal for teaching rigorous disci- 
pline in connection with analysis. These remarks of a 
mature expert toward the end of his career repeat the 
philosophy of the early letters and offer a creed for 
analytical chemists. 

As was natural and inevitable, when his talents de- 
veloped in Denver were recognized, Dr. Hillebrand was 
appointed to membership in the committees of the 
American Chemical Society (2). These appointments 
which followed one another rapidly are recorded in the 
proceedings. In 1896 he was made a member of the 
committee on coal analysis. In 1899 he was elected to 
the council and in 1902 placed on a committee to report 
on the quality of analytical reagents furnished by 
dealers in this country. The committee changed its 
name to “Committee on Purity of Reagents” in 1904. 
The membership is impressive with J. H. Long, H. P. 
Talbot, Charles Baskerville, and L. M. Dennis, in addi- 
tion to Dr. Hillebrand. Meanwhile, another committee 
for “Uniformity in Technical Analysis” was formed 
with Dr. Hillebrand as chairman. It was a cherished 
idea of his that standard samples should be prepared 
which could be furnished to those who wished them. 
Cooperation with the Bureau of Standards was enlisted 
and a limestone sample was advertised in February, 
1905. Other samples were added as time permitted 
their preparation. To ensure the high standard of all 
analytical work reported by members of the society, the 
Committee on Standard Methods of Analysis was 
firmly established by 1910 with Dr. Hillebrand as chair- 
man. No paper containing analytical material could 
be presented without passing the scrutiny of this group. 
Subordinate committees having any relationship to 
analytical work were responsible to them. Another 
valuable service of the committee was the prevention 
of needless duplication. Since the supervisory power 
and the prestige of the committee were recognized by 
all members of the society, Dr. Hillebrand must have 
had great personal pleasure in realizing his dream of 
establishing superior analytical methods by this means. 
It was very fortunate for the American Chemical So- 
ciety that a man of Dr. Hillebrand’s scholarly outlook 
gave so generously of his time and energy. 

Through his tireless effort to promote chemical publi- 
cations of real merit in this country Dr. Hillebrand 
enhanced the reputation of the American Chemical 
Society. He accepted the responsibility of a reviewer 
on mineralogical and geological chemistry for the 
“Review of American Chemical Research.” He was 
made a member of the Committee on Papers and Pub- 
lications of the 5th International Congress of Applied 
Chemistry. At this time there was increasing senti- 
ment among American chemists that a journal compar- 
able to the foreign abstract periodicals should be 
started for the use of the members and subscribers. 
The scheme to have such a publication was recorded in 
the society proceedings for 1906. The committee for 
the investigation of the problems connected with the 
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establishment of Chemical Abstracts were, in addition to 
Dr. Hillebrand, A. D. Little, Edward Hart, and W. A. 
Noyes. 

When Dr. Hillebrand was elected president of the 
American Chemical Society in 1906 he dropped member- 
ship in this committee, which had been called the Com- 
mittee on Publication. In 1908, with the presidential 
duties fulfilled, he became an associate editor of the 
newly established Journal of Industrial and Engineering 
Chemistry. In 1909 he was made a member of the com- 
mittee on Organization and Nomenclature and joined 
the board of associate editors of the Journal of the 
American Chemical Society for mineral and geological 
chemistry. A year later he was on the executive com- 
mittee of the Division of Physical and Inorganic 
Chemistry. Asa past president he was a member of the 
American Chemical Society council for life. We find 
that the minutes of the meetings rarely omit his name as 
among those present to champion the interests of sound 
fundamental science as he had done from the time of the 
Colorado period. 

The honors which Dr. Hillebrand attained have been 
listed elsewhere but they do not always mention the new 
mineral found in Mexico about 1909, a rare hydrated 
calcium silicate, Ca2SiOvH,O which was given the 
name of Hillebrandite by protegés of his, as he had 
years before named a new mineral Emmonsite for the 
man under whose direction he was working (/3). The 
Washington section awards an annual “Hillebrand 
Prize” (7) for the best paper presented before it during 
the preceding year. Such an award could not be more 
appropriately named. Nothing except the highest 
caliber of research ever came from the laboratory of the 
man whose name it carries. 

In addition to the letters another item associated 
with Dr. Hillebrand is found at the University of 
Illinois. It is an elegant set of analytical apparatus 
made by a German firm and presented by Dr. Hille- 
brand to Dr. William Albert Noyes, who gave it to the 
University laboratory. From the beautiful wooden 
box to the last tiny platinum spoon and dish, among the 
dozens of pieces of diminutive equipment, it is an ex- 
ample of beautiful workmanship. It is a miniature 
analytical laboratory which can pe carried by hand 
wherever the owner travels. This substantiates old 
reports that an analytical chemist carried his equip- 
ment on his back. Modern instruments may have 
superseded those used by Dr. Hillebrand. Neverthe- 
less, the standards now adopted rest upon the results of 
the type of exact analytical work of which Dr. Hille- 
brand was the master. 
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© DEMONSTRATING IONIZATION POTENTIALS 
WITH MERCURY RECTIFIERS AND GAS 


THYRATRONS 


Srverat authors (1, 2) have made use of the ioniza- 
tion potential approach to the problem of compound 
formation in elementary chemistry. The inclusion of 
this material in a course of study introduces the desir- 
ability of illustrating the ionization effect. Three dem- 
onstrations using simple equipment and standard elec- 
tron tubes are described below. 

Mercury vapor rectifiers and gas thyratrons are 
readily available and possess the prime requisites of a 
source of electrons, an anode to accelerate these elec- 
trons, and an ionizable gas. Quantitative results using 
these tubes were not to be anticipated, for the complete 
elimination of complicating factors seems impossible, 
although the qualitative effect is easily attained. 

The circuit diagrammed in Figure 1 is suggested for 
student use in the laboratory since a conclusion can be 
reached only after the variation of anode potential with 
plate current is plotted. The anode voltage is obtained 
from the potentiometer connected across a d.-c. source 
of approximately 12 v. and capable of furnishing a cur- 
rent of about 150 ma. A filament current of 3 amp. at 
2.5 v. for the type 82 and at 5 v. for the type 83 was sup- 
plied by a transformer connected to the a.-c. line. 

The curves for a type 82 and a type 83 tube which ap- 
pear in Figure 1 were obtained by recording the voltage 
between one plate of the tube and one terminal of the 
filament for 10-ma. increments of current. It will be 
noticed that the graphs rise sharply to approximately 
10 v. and then level off. The sudden increase of current 
can be satisfactorily explained by the ionization of the 
mercury vapor which leads to positive ion bombardment 
of the filament surface and subsequent emission of s2c- 
ondary electrons. Deviation from the 10.38-v. first 
ionization potential of mercury may be attributed to an 
additional amount of energy the electrons possess upon 
being evaporated from the filament surface, as well as to 
the gas pressure within the tube. The dotted line in 
the 10 to 20-ma. section of the 82 curve indicates a 
region in which the tube oscillates and no steady state 
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readings are possible. If the projection is made in the 
manner indicated the curve approximates that of the 
current-voltage characteristic of a typical gas-filled cold- 
cathode diode (3). 

The shape of these curves is dependent to some extent 
upon the tube temperature; the lower the temperature 
the shorter the length of the “plateau.” Therefore it is 
recommended that the tube be permitted to warm up for 
ten minutes or more before readings are taken. 

A more direct proof of the formation of positive ions 
is achieved by using hot-cathode gas-tetrode thyratrons 
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of the 2050 and 2051 type in the circuit diagrammed in 
Figure 2. Although the shield grid (terminal 6 in the 
tube drawing) is represented in the conventional man- 
ner, this element is not located completely between the 
control grid (pin 5) and the anode (pin 3) but includes a 
large solid metal plate surrounding the heater, cathode, 
control grid, and anode. Consequently, if the shield 
grid is maintained at a negative potential with respect 
to the cathode while the control grid and anode are 
positive, the formation of positive ions will result in a 
current flow through the milliammeter. 

If the anode of the 2050 is about 220 v. above cathode 
and the shield grid 11 v. below, no appreciable current 
flows as the potential on the control grid is increased 
until abruptly at 10.5 v. the tube “fires.” Currents in 
this conducting state are approximately 9 ma. in the 
shield-grid circuit, 16 ma. in the anode leg, and 3.4 ma. 
between the control grid and cathode. The potentials 
listed should be taken as illustrative of the control grid 
potential necessary, for conduction is dependent upon 
anode voltage, shield-grid voltage, heater-supply volt- 
age, and individual tube variations (4). Potentials as 
low as 40 v. on the anode and 2.3 v. on the shield grid 
serve satisfactorily, but the magnitude of the shield- 
grid current drops. 

The 2051 tube shows the same general characteristics, 
and with an anode supply of 100 v. and a shield-grid 
potential of 13 v. conduction takes place when the con- 
trol grid is approximately 12.7 v. About 25 ma. flows 
through the plate circuit and 5 ma. through the shield- 
grid circuit. Heater supply for either the 2050 or 2051 
is 6.3 v. at 0.6 amp. 

The value of the control-grid voltage at conduction 
on these tubes has no special significance, for the 2050 is 
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Figure 2 


A =milliammeter, 0-10 d. c.; K=key, normally closed; Ri=380 ohm, 2 
ji i cal ohm, 100 watt; Rs=1570 ohm, 15 watt; V =voltmeter, 
0- « 6. 
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xenon-filled and the 2051 is argon-filled (5) and the 
ionization potentials of these gases is quite different 
from the “firing” voltages recorded above. The point 
of the demonstration, however, is that for a certain, re- 
producible, potential difference between the control 
grid and cathode, electrons acquire sufficient energy to 
ionize the gas and produce a flow of positive ions to the 
shield grid. 

The circuit pictured in Figure 3 employs a type 
2A4G grid-controlled gas triode and is best adapted for 
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Figure 3 


K =key, normally closed; L =lamp, 3 watt, 110 v., Mazda No.67; Ri= 
380 ohm, 2 watt; R:=14,500 ohm, 100 watt; Rs=75,000 ohm, 1 watt. 


demonstration purposes. With about 200 v. on the 
plate, the lamp Z will light abruptly to full brilliance 
when the grid potential reaches about 8 v. 

Considerable leeway exists in the choice of resistances 
and power supply. The values of R;, Re, and R; listed 
were used with a 350-v. power pack. Any and all of the 
batteries indicated in the diagrams can be replaced by a 
well-filtered d.-c. source and the correct potential ob- 
tained from a tap on the bleeder resistance. The key K 
is essential for once conduction starts the grid loses con- 
trol, but by momentarily opening the circuit at K 
and reducing the grid potential below the conduction 
value control can be returned to the grid. 

To prevent destruction of the tube it is vital to include 
sufficient resistance in the plate circuit of the thyratrons 
to limit the current to a safe value. A minimum of 
2000 ohms is suggested by the manufacturer. 
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e HOW READABLE IS YOUR TECHNICAL REPORT? 


In an earlier issue of Tats Journat? I made bold to 
catalog and analyze the principal general faults, as I 
saw them, of the technical reports I had been reading 
and writing for several years. Completion of the fault- 
finding stage, however, is not the ideal point at which to 
terminate a journey of criticism. Consequently, I have 
tried to go a step farther and devise some reasonably 
specific ‘ground rules” which might aid the author of a 
technical report, first, in avoiding the shortcomings 
cited previously and, second, in giving his completed 
manuscript a final check for logical development and 
general readability. 

In this discussion I have assumed the kind of technical 
report whose only legitimate reason for existence is to 
convey technical information to its readers. By defini- 
tion, therefore, all other considerations are subordinated 
to accomplishing this end as efficiently and straight- 
forwardly as possible. Suspense, for example, is all 
important in a murder mystery and ‘‘who done it”’ must 
not be revealed until the last chapter, or perhaps even 
the last paragraph of the last page. But suspense ter- 
minated by startling revelation is obviously out of 
place in a technical report. A detective story written 
in the style of good technical reporting would give the 
murderer’s name in the first paragraph or perhaps in the 
title; certainly it would lead off with an abstract which 
would “reveal all’’ even before the reader had begun the 
Introduction. 

Similarly the kind of technical report considered here 
is not concerned with amusing its readers, relaxing them, 
making them angry, aiding them in sleeping, inspiring 
them to contribute money, making them envious, 
arousing their patriotism, making them socially con- 
scious, or selling them soap. It is expository in nature 
and should be written in the style that will give the 
reader the information contained in the report as 
accurately, efficiently, and unambiguously as possible. 

The present paper is concerned with two phases of 
the preparation of a technical document of this kind. 
First, as a possible aid to the author while he is writing 
his report or paper, the several major divisions of such a 
document and the separate functions of each are analy- 
zed briefly. Second, there is presented a prepublica- 
tion checking routine which is roughly analogous to the 
preflight check-chart which an airplane pilot fills out to 
make certain his plane is in shape to fly. The report 
checking procedure suggested here is intended to serve 
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the author of a technical report similarly and give him 
some assurance that his manuscript is in condition to 
face the wild, blue yonder of reader or editor reaction. 

No apology is believed necessary for the fact that 
some of the points made in both phases of the following 
discussion may appear obvious and elementary. It is 
my feeling that only by spelling out matters of this sort 
in considerable detail can one insure consideration of all 
pertinent factors. It is also obvious and elementary 
that an airplane must have fuel in its tanks if it is to 
fly; nevertheless this item is included in those the pilot 
must check, perhaps because the requirement with which 
everyone is familiar may be the one most easily over- 
looked. 


BRIEF ANALYSIS OF THE MAJOR DIVISIONS 


Although the title and abstract appear at the begin- 
ning of a document, they should be written in final form 
after the other sections have been completed. This 
sequence is followed in the analysis presented here. 

Introductory Sentences or Paragraphs. The introduc- 
tory sentences or ‘paragraphs should serve chiefly to 
orient the reader with respect to what follows and should 
be to the technical report what the conventional what- 
where-when-who lead is to a newspaper story. Whether 
they need be dignified by the actual subtitle “Introduc- 
tion” depends on the length of the report and the extent 
to which it seems desirable to subdivide formally the 
rest of the document. 

The question, “What, in general, is this report about?” 
should always be answered in the introductory section. 
If the nature of the report as a whole is such that the 
reader is to be given only a limited amount of back- 
ground information, it may be desirable to introduce it 
at this point; on the other hand, if the author intends to 
include a considerable amount of background material 
it probably is preferable to present most of it in the 
main body of the report and give here only enough to 
permit answering the above question intelligently. 

Other questions, one or more of which the first para- 
graph or two should answer, include: 


1. Why was the work done? 

2. Who or what organization performed the work 
being reported? 

3. What relation has the work to other programs or 
to other parts of the same program? 

4. What general scheme of organization is followed 
in the rest of the report? (It is particularly de- 
sirable to answer this question if the report is 
long or complicated.) 
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Although it may not often be desirable to answer all 
of the above questions, it is important that failure to 
answer any one be the result of the author’s decision 
rather than just his oversight. 

It should be recognized that meeting the above speci- 
fications need not cause the early sentences of the re- 
port to be choppy and “staccato” instead of smooth and 
“legato.” Consider, for example, the following short, 
hypothetical introductory paragraph which in three 
sentences answers most of the questions suggested 
above: 


Development of the ramjet for use in the propulsion of high- 
speed aircraft has reached a point where it is important to know 
the effect. on performance of small variations in the burner’s 
characteristics. Ramjets Incorporated is one of several labora- 
tories engaged in an extensive experimental program of investigat- 
ing these relationships with a view toward establishing correla- 
tions that may prove useful in future design work. This report 
concerns one phase of the study and presents data on the varia- 
tion with ramjet length-diameter ratio of the air-fuel ratio at 
which combustion can be started and the range of air-fuel ratios 
over which burning is smooth. 


MainBody. The mainbodycontainsthe real technical 
meat of the document and the way in which its contents 
are presented will determine in large part whether the 
picture of the subject matter obtained by the reader is 
clear and sharp or vague and out of focus. Technical 
reports differ too widely in the nature of their contents 
for it to be possible, or desirable, to attempt to set up a 
single, standardized outline for all cases; typical 
sequences include: 


1. Description of apparatus 
Experimental procedure 
Data and results 


2. Historical background 
Theoretical development and results 
Experimental procedure and results 
Comparison between theory and experiment 


3. Symbols 
Experimental procedure 
Application of experimental technique 
Results and discussion 


4. Symbols and definitions 
Test procedure 
Test results 
Theoretical considerations 
Comparison between theory and experiment 


The important point to be remembered is that what- 
ever outline of presentation is chosen in any particular 
case, it should be logical, should constitute a unified 
whole, and should have been carefully thought out by 
the author. 

Concluding Paragraphs. The concluding section 
should represent the logical culmination of the develop- 
ment that was begun in the introductory paragraphs and 
continued through the main body of the report. It 
should summarize the main arguments and draw con- 
clusions to which they lead, wrapping the whole in a 
tidy package for delivery to the consumer. M there is 
any one idea or result which the author believes is in the 
“if you forget everything else, for heaven’s sake remem- 
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ber this” category, that idea should be emphasized 
somewhere in the concluding paragraph or two. 

Whether this section is given a separate heading like 
“Summary” or “Conclusion” or some combination of 
these depends, as in the case of the introduction, on the 
length and general formality of the report as a whole. 

Abstract. Since abstracts too often are omitted, the 
first and most important point to be noted is that no 
self-respecting technical report should be without one. 
Abstracts are of two general kinds: (1) Indicative (also 
called Descriptive)—which tells the reader only enough 
to enable him to decide whether he wishes to read the 
entire report. Such an abstract should indicate the 
general nature of the work, whether it was theoretical 
or experimental, its boundary conditions and the type 
of conclusions reached. (2) Informative—which actu- 
ally summarizes the report’s major arguments, data, 
and significant conclusions. Choice of which kind to 
employ in any given case will depend on the wishes of 
the.author and the “abstract”’ policy of the laboratory 
issuing the report or of the journal in which it is to be 
published. 

In writing either type the author should take particu- 
lar care to make every word count, carrying word 
economy perhaps to a point just short of that at which 
style would become completely telegraphic. One 
method of achieving brevity in an abstract is to reduce 
the number of sentences to a minimum by a relatively 
generous use of qualifying adjectives; consider, for 
example, the following imaginary quotation: 


Ramjets Incorporated is investigating possible relationships 
between the ratio of a ramjet’s length to its diameter and various 
characteristics of its combustion performance. This program has 
been under way for same three months. One of its first results 
has been demonstration of the fact that there is no simple correla- 
tion between the range of air-fuel ratios over which a ramjet 
burns smoothly and its length-diameter ratio. 


All of the above ideas can be expressed in a style suit- 
able for use in an abstract by: 


“First results of the three-month-old study by Ramjets In- 
corporated of the dependence of ramjet combustion character- 
istics upon length-diameter ratio show no correlation with air- 
fuel ratio range of smooth burning.” 


Title. The ideal title for a techhical report should be 
brief and succinct and at the same time descriptive and 
definitive of the document’s contents. Since, however, 
these features are to a considerable extent incompatible, 
actual selection of a title usually means making the best 
possible compromise between “‘too short to be sufficiently 
descriptive” and ‘‘too long to be a title.” As an ex- 
ample, consider what title one might give the imaginary 
report whose hypothetical introduction was presented 
earlier in this paper; four stages in the gamut of pos- 
sible titles between the extremes defined above might 


be: 


1. Ramjets 

2. Ramjet Combustion Studies 

3. Dependence of Ramjet Combustion Performance 
on Length-Diameter Ratio 
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4. The Variation with Length-Diameter Ratio of 
the Air-Fuel Ratio for Initiation of Combus- 
tion in a Ramjet and of the Air-Fuel Ratio 
Range of Smooth Burning 


The first, although attractively brief, obviously is inade- 
quate because it tells almost nothing about the nature 
of the report and the scope of the work it covers. The 
fourth, which exemplifies the other extreme, is almost 
an abstract and too long for a title. Of these four, the 
third is probably the best; although longer than one 
might wish, it does partially define the report’s bound- 
aries. If the report were the first of a series, as the 
hypothetical introduction implies in this case, a still 
better selection might be a combination of title and sub- 
title such as, ““Ramjet Combustion Studies: I. Air- 
Fuel Ratio Limits as a Function of Length-Diameter 


Ratio.” 
PREPUBLICATION CHECKING ROUTINE 


The sequence of presentation followed in the preced- 
ing analysis of the component parts of a technical re- 
port is also employed in this section on the theory that 
the best time for the author to make a last evaluation of 
the title and abstract is just after he has given the other 
sections of his report a final check. 

Introductory Sentences or Paragraphs. 1. Is the 
question answered? ‘‘What in general is this report 
about?” 

2. Did you make the best possible selection of other 
questions to answer in the introduction? 

3. Are these selected questions answered adequately? 

4. With regard to material in the introduction that 
is not directly concerned with answering the above 
questions, are there good reasons for including it in this 
section or might it more logically be presented else- 
where? 

5. Do you feel this section properly orients the 
reader and puts him in a position to read the remainder 
of the report intelligently? 


Main Body of the Report. 1. Disregarding any pre- 


vious outlines you may have made, can you with rela- 
tive ease outline this section, carrying the procedure at 
least to second-degree subheadings? 

2. Is the material presented here consistent with 
what you promised the reader in the introductory sec- 
tion? 
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3. Is the real meat of the technical information you 
wish to convey to the reader covered in the main body? 

4. Does it develop to a point such that it can logi- 
cally be followed by conclusions and a summary? 

Concluding Paragraphs. 1. Does this section sum- 
marize the main arguments presented previously and 
draw the conclusions to which they logically lead? 

2. Are any conclusions drawn or inferences made 
for which evidence is not given earlier in the report? 

3. Judging from the topical outline you prepared 
for the main body of the report, do the final para- 
graphs appear to follow naturally and to constitute a 
logical conclusion to the document? 

Abstract. 1. What would one who had read only 
the abstract expect to find covered in the rest of the 
report? 

2. Are these points covered? 

3. What would one who had read only the abstract 
expect to find emphasized in the rest of the report? 

4. Are these points emphasized? 

5. Have you included any items of information 
which are not pertinent in view of the function of this 
section of the report? 


6. Is the abstract as short as you can make it and — 


still have it relatively easy to read and understand? 

Title. 1. Is the title consistent with the abstract 
and with the introduction, main body, and conclusion 
of the report proper? 

2. Does it represent the best solution you can devise 
for the dilemma of “not sufficiently descriptive” versus 
“too long?” 

General. Because of the schizophrenic problem of 
separating “‘you the reader” from “‘you the author,” it is 
inherently very difficult for the one who wrote the re- 
port to maintain a high degree of objectivity when 
checking and evaluating it. It is highly desirable, 
therefore, to have someone else also carry out the proce- 
dure given above. 

In closing it should be said that this paper is intended 
to represent a kind of first approximation to an anatomi- 
cal analysis and prepublication checking routine 
applicable to technical reports. It was prepared pri- 
marily for my own use and is presented here on the 
chance that it may prove of value to others, even if 
only to stimulate someone to devise a better scheme—a 
copy of which I wish hereby to be the first to request. 
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° LIQUID UNKNOWNS IN QUANTITATIVE 


ANALYSIS 


Courses in quantitative analysis in American 
colleges differ widely in organization and content ? 
but the problems of laboratory administration con- 
fronting the instructor in this subject are very much 
the same from college to college. Identical solutions 
to some of these problems are often reached by several 
individuals independently, and each may be unaware 
of the other’s results. The use of unknowns in solution 
is, perhaps, an example of such a problem. The writer 
here sets forth some of his experiences with liquid un- 
knowns in quantitative analysis realizing that many 
of his colleagues may have had similar experiences. 

Traditionally the quantitative analysis unknown is a 
solid, preferably an industrially used product, by-pro- 
duct, or raw material, such as an alloy, ore, or concen- 
trate. Very often the analyzed samples purchased 
for use as quantitative analysis unknowns are mere 
simulations of the industrial item, compounded so as to 
obviate difficulties encountered in the analysis of the 
natural product. Not infrequently the solid unknown 
is a pure salt or other substance with its attendant ob- 
jections from the instructor’s viewpoint. 

As.a rule, unknowns in solution are not issued as 
frequently as the commonly used solid unknowns, yet 
they do find a place in practical quantitative analysis.* 
Certain products of industry are certainly liquids. 
Thus, one thinks of laboratory acids, mixed-acid, oleum, 
aqua ammonia, household ammonia, vinegar, hydrogen 
peroxide preparations, formaldehyde solutions, tincture 
of iodine, and samples of water for engineering examina- 
tion. A proper balance between solid and liquid un- 
knowns is not, therefore, inappropriate for the begin- 
ning analysis program. 

In our laboratory we use three types of unknowns in 
solution and dispense them very simply. We term 
them individual unknowns, group unknowns, and semi- 
unknowns. The three types of unknowns are prepared 
from master solutions which are made in predetermined 
approximate concentrations, but which are not analyzed 
previous to use by the student. 

The master solutions for the individual unknowns are, 
generally, approximately 0.5 normal solutions of some 
simple salt containing the desired constituent. The 
unknowns are dispensed from a 100-ml. buret into the 
student’s 250-ml. measuring flask which has been prop- 
erly labeled for identification. Volumes ranging from 





1Van Peursem, R. L., J. Comm. Epuc., 21, 252 (1944). 

2 Bennett, G. W., ibid., 23, 247 (1946). ‘ 

3’ DAMERELL, V. R., anp H. S. Bootn, J. Cum. Epuc.. 21, 178 
(1944). 


GEORGE W. BENNETT 
Grove City College, Grove City, Pennsylvania 


25 to 50 ml. are issued and recorded. The student 
then makes the volume up to the mark and mixes the 
solution thoroughly. He then uses aliquot portions 
of his diluted unknown as directed. His report indi- 
cates the total weight of unknown substance received 
by him. 

From the student report and the volume of unknown 
issued it is a simple matter to calculate the weight of the 
desired constituent per milliliter contained in the master 
solution. Since duplicate or triplicate trials are re- 
ported by each of the 25 to 30 students per section there 
is an abundance of concordant values from which the 
class average is computed. Student deviations, and 
hence grades, are then based on this composite value. 

Group unknowns are used when it would be difficult 
to prepare 25 to 30 different solutions. We have used 
Fowler’s Solution for arsenic, and tincture of iodine, as 
group unknowns. U. 8. P. specifications for Fowler’s 
Solution indicate that there must be not more than 
1.025 nor less than 0.975 gram of As2O; per 1,000 ml. 
of the solution. The U. S. P. specification for tincture 
of iodine indicate not more than 7.5 nor less than 6.5 
grams of iodine per 100 ml. of the tincture. The stu- 
dent’s problem is to assay the unknown and to deter- 
mine whether or not it conforms to the U. S. P. limits. 

For group unknowns one master solution is prepared 
and 1,000-ml. portions carefully measured into M.C.A. 
measuring flasks provided with glass stoppers. To 
each flask there is added a carefully measured volume 
of water from an accurate buret. In the case of Fow- 
ler’s Solution one may add 0-, 5-, 10-, 15-, 20-, and 25- 
ml. portions of water to the master solution contained 
in six 1,000-ml. measuring flasks. After thorough 
mixing, portions of 125 to 150 ml. are issued to the 
student who presents a “bone diy” beaker or Erlen- 
meyer flask in which to receive the unknown. The 
unknowns are then used without further dilution. A 
similar procedure is followed with the tincture of iodine, 
except for the added volumes of water. 

The average analysis value is computed as follows. 
Each student reports the grams of AsO; per liter in his 
particular sample. The instructor then multiplies the 
student answer by a factor which would have given the 
student’s answer if there had been no dilution. In 
effect, for this particular case, this amounts to simple 
addition of 0, 5, 10, 15, 20, or 25 parts per 1,000 to the 
student answer. The values so computed then indicate 
the analysis of the original master solution. From the 
large number of student analyses a truly representative 
average analysis is obtained. Iodine solutions are 
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handled in a similar manner taking into account the 
appropriate dilutions. 

For the tincture of iodine we modify the U. S. P. 
recipe (and, of course, so notify our students) to avoid 
the unnecessary use of alcohol: This alteration in- 
volves a corresponding increase in the amount of 
potassium iodide used to keep the iodine in solution 
in the aqueous solution. In the U. 8S. P. assay a 
5-ml. aliquot of original tincture is diluted by the addi- 
tion of 25 ml. of water. The diluted tincture is then 
approximately 0.1 normal. For our group unknowns 
we prepare and issue the diluted solution which the 
student assays without further dilution. (Unless 
assay portions are then exactly 30 ml. the student will 
have to use a volume correction factor when calculating 
his answers; and this is good practice for him.) 

The semiunknown is a solution used to check student 
standardizations. It is made up to be about twenty 
per cent stronger than the student’s standard solution. 
Every student analyzes the same solution, and all 
should get the same normality or titer for the check 
solution. It is “semiunknown” because the normality 
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is not known exactly until the class has completed the 
analysis as a group project. Failure to obtain the 
normality within permissible limits indicates the need 
for re-standardization of the student’s solution. 

There are advantages and disadvantages in the use 
of liquid unknowns. If, as described here, one takes the 
student average analysis as standard there is then nc 
objective measure of accuracy of analysis. On the 
other hand if one must previously analyze the unknown 
and determine its specific gravity then much labor and 
time are involved. The liquid unknown, however, 
permits unlimited variation in individual samples and 
wide variations in group unknowns. There is no real 
need for an analysis prior to use by a class, provided 
enough reports are returned for statistical purposes. 
The cheapness of the analysis samples will appeal to 
departments on limited budgets. The use of solutions 
make possible short duration exercises when desirable 
for rounding out the laboratory schedule. And finally, 
no novice teacher need ever lack for unknowns whatever 
the extent of the supply of analyzed samples may be 
when he takes over a new job in a strange laboratory. 


e THE RARE ELEMENTS IN FRESHMAN CHEMISTRY 


Tuisisno attempt by the author to advocate burden- 
ing freshman chemistry students with the chemistry of 
the rare elements. The average student is sufficiently 
burdened in learning the chemistry of a few common 
elements along with developing an understanding of the 
elementary principles of chemistry. It is the purpose of 
this paper to suggest means of taking advantage of the 
student’s ignorance of the chemistry of the rare ele- 
ments in testing his understanding of chemical princi- 
ples. 

Let us suppose that the student is given the problem: 
“0.327 g. of zinc is dissolved in an excess of dilute sul- 
furic acid to give 112 ml. of dry hydrogen at STP. 
What is.the charge on the zine ion?’ . Obviously the 
student who has duly memorized his ‘‘valences”’ will find 
some combination of numbers which will give the answer 
“2.”’ But if the problem involves gadolinium, hafnium, 
or thallium the student will be forced into solving the 
problem, and the instructor is spared the need for in- 
venting hypothetical elements. 

Some uninformed freshmen believe that balancing of 
oxidation-reduction equations is such a difficult labor 
that it is desirable before quizzes to memorize every 
equation in the textbook. But if the examination ques- 


-University of Louisville, Louisville, Kentucky 


tion calls for an equation for the oxidation of Npt‘ to 
NpO.++ by BrO;~ the student must learn the easy 
method. Sufficient chemistry of the transuranium ele- 
ments has been published! ? that the instructor can 
devise plausible examples. Vanadium, rhenium, tel- 
lurium, and other uncommon elements also have in- 
teresting sets of oxidation states which can furnish a 
wide variety of equations to balance, electrochemical 
equivalent problems, and other exercises based upon 
changes in oxidation number. 

To illustrate the principle that properties of dilute 
salt solutions are actually properties of the ions, the 
following examination questions have been successfully 
used. Both unfamiliar- properties and.unfamiliar ele- 
ments are illustrated. No great modifications are 
needed to adapt these questions to the machine-graded 
multiple-choice type. 

“In the following list of salts, the colors of dilute 
solutions are indicated by c for colorless, y for yellow, p 
for pink, gfor green. Fill in the color of those not given. 





1 Harvey, B. G., H. G. Heat, A. G. Mappock, ano E. L. 
Row ey, J. Chem. Soc., 1010 (1947). 

? HINDMAN, MaGNusson, AND LACHAPELLE, J. Am. Chem. 
Soc., 71, 687 (1949). 
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AgNO, ec AgClO - Cl; 
Ca(VO;)2 oy Lu(NOs)s é. Ox CIO, 4 
TmCl,; in Lu (VOs)3 = Dy (VOs)s = 
Eu(NO,)s: op Tm(Cl0;); g¢ Luh ¢ 


“By measurements with a Gouy balance it is found 
that solutions of CuSO., Nd(NO3)3, and K:MnO, are 
magnetic while solutions of K2SQ,, Ba(NOs)2, and 
LaCl; are not magnetic. In the following list of salts, 
underline those whose solutions are magnetic, cross out 
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those which are not magnetic, leave unmarked those 
you can’t tell.” 

KNO; CuCl. La2(MnQ,); Nd2(SO,)s La.(SO;)s 

It can be added that the use of examination questions 
of the type suggested here will give the student, perhaps 
not painlessly, a consciousness of large regions of the 
periodic table otherwise unexplored in the freshman 
course. 





e SOME THOUGHTS ON ORIGINALITY 


Woeocever first said, “There is nothing new under 
the sun” was by no means entirely wrong, for hardly a 
discovery is made which is not closely related to facts 
already familiar, if only their appropriate interrelation 
is recognized. Neither was he entirely right. The sun 
shines daily, sometimes with its brightest light, on 
countless truths which will be felt to be very new indeed 
when man, in his groping way, finally stumbles over 
them and, in a rare lucid moment, turns to see what 
tripped him. 

Those of us who long for new ideas and have them too 
infrequently may be encouraged if we consider carefully 
the nature of originality. 

In my opinion, originality is not nearly as much that 
mysterious, brilliant “flash of genius’ richly rewarded 
by the Patent Office, as it is a deliberate reshuffling, a 
reorganization of known facts and ideas out of their 
conventional order into a new order from which new 
truths become apparent or new experiments are indi- 
cated to be desirable. These new truths may be en- 
tirely unexpected, or the new experiments may lead to 
unexpected results; but the chief essential of the process 
of being original is not the results, but the placing to- 
gether of facts or ideas in a new order. I should not say 
that a man is original who discovers a new compound 
formed from materials ignorantly or accidentally put 
together. He is merely observant. If, on the other 
hand, he deliberately places materials together which 
have not previously been combined in that manner, and 
thereby fornis and recognizes a new compound, he is 
original whether or not the result achieved was the 
desired one. 


R. T. SANDERSON 
University of Florida, Gainesville, Florida 


Most of us are not very original because we have be- 
come bogged down by the weight of knowledge fed to 
us in a highly conventional, uninspiring, and necessarily 
arbitrary manner. Any conscious urge of our intelli- 
gence to deviate from the norm in thinking seems in- 
hibited by a subconscious envy of the lower forms of 
life with their total reliance on instinct, and a conse- 
quent subconscious resistance to cutting loose the com- 
forting ties that bind us to our ways of life and thought. 
We specialize, and as we specialize, unless we be wary, 
we become soothingly accustomed to highly restricted 
forms of thought. ‘The deeper we sink, the narrower the 
the rut. We lose our perspective. We lose our capac- 
ity to imagine. We are not original. 

How, then, can we be original? If we need merely to 
place facts out of their usual order, it should be easy. 
But we must do more than that. © 

The first requirement for original thought is that 
there be some stimulus to excite it. Creative thought 
represents a high energy level of mental activity; it is 
not the normal state. The energizing influence must 
come from a combination of two factors: (1) keen 
observation of nature, and (2) an insatiable curiosity as 
to the underlying causes. The first rule then is to be 
alert. Many new ideas are lying in the open, merely 
waiting for some one to recognize them. Many, too, 
are the data only awaiting intelligent sorting to disclose 
new truths. Countless more ideas are at hand, only 
partly buried, to be dug out by the careful observer 
curious to learn what may lie at the other end. Origi- 
nality does not require exotic fields of endeavor or far- 
fetched fantasy—merely close observation in the sub- 
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ject at hand. Probably no subject in chemistry, for 
example, has been so thoroughly investigated as to be 
impervious to a new and original attack. 

Next, the conventional facts or ideas must be reor- 
ganized judiciously, not at random. This requires 
imagination. If it is not native, we must cultivate it. 

Imagination is, I believe, merely a manner of think- 
ing, wherein thought is neither consciously nor uncon- 
sciously guided along conventional routes. If we are 
narrow in our intellectual interests, we are likely to be 
unimaginative, because by having concentrated much 
along certain channels, we have become loathe to risk 
the possible inefficiency of allowing our minds to experi- 
ment with other channels. We are sometimes not 
aware of the vast difference between being sure one 
road is best because we have always traveled it, and 
being sure it is best because we have tried or at least 
thoroughly considered all imaginable roads, compared 
them without prejudice, and decided on the best with 
careful judgment. I would say then that imagination 
would best be stimulated by a breadth of interests. 

This is not the broadness of a physical chemist who 
reads the Journal of Organic Chemistry! I refer to the 
individual who takes an active interest in the world 
about him, whatever his specialty. The chemist whose 
interests hardly hesitate at the borderlines of chemistry, 
but pour over into such fields as geology, botany, fores- 
try, music, art, psychology, economics—he may be less 
expert in the field of his major specialization, but he 
may nevertheless be more productive there because of 
the stimuli to which he exposes his imagination. Broad 
experience and extensive interests will usually encourage 
healthy doubt as to the superiority of any one theory or 
method or process, however time-tested, and will sug- 
gest many alternatives. 

It is sometimes assumed that knowledge inhibits 
imagination. This may be true but I do not believe it 
should be true. Imagination can only be based on 
known facts, no matter how they may be distorted in 
the final product. Therefore greater knowledge should 
expand the sphere of imagination, not restrict it. The 
inhibitory effect must lie in the tendency for greater 
knowledge to be disparaging of the results of imagina- 
tion, and not to a tendency to place narrower limits 
on the scope of the imagination itself. As will be 
discussed below, this tendency must be avoided. The 
more knowledge and especially the more diversified the 
knowledge, the better the imagination should be. 

Of course, if we would broaden our viewpoint, we 
must sacrifice some of our ambitions of specialization. 
This is often a sacrifice difficult to make, because time is 
so short and the powers of one man are so limited. The 
sacrifice may perhaps come easier if we approach the 
problem fatalistically. Why try to know everything 


about one subject, when actually even this is far beyond 
our power? Why not admit and accept our limitations, 
and realize that specialization to the exclusion of other 
interests not only is narrowing and eventually depres- 
sing, but actually defeats its own purpose, by destroying 
the creative power essential to its advancement? 


Re- 
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member that the most creative work done in any field 
may not necessarily be that of the man having most 
information in that field, and the man having most 
information may have done his most original work 
before he learned all that he now knows. 

In addition to diversity of interests and knowledge, 
another aid to the imagination is mental relaxation. 
We must not be afraid to put the mind to work and 
then. go away and leave it. Sometimes the mind can 
do better work when left to its own devices, without 
constant conscious regulation and interference by its 
owner. What we may naively think of as sudden 
inspiration may actually be the deliberately and system- 
atically developed product of the subconcsious. 
Give it a chance. Even if the subconcsious rests too, 
there is nothing more productive of a fresh outlook than 
a good rest. 

Imagination is essential, but it is not enough. Of 
equal importance is to be keenly thoughtful about the 
products of imagination. Accept them without preju- 
dice. Cherish them for a while. Even nourish 
them. Often a good original idea may be one which 
has already occurred to the minds of many, but each 
time has promptly been rejected without fair trial, as 
being unworthy of the owner. Give your imagination 
credit. Make the assumption, not necessarily valid 
but certainly useful, that the idea must have some merit 
or it would not have oceurred to you in the first place. 
As soon as it occurs, write it down, lest you do not 
think of it again until someone else publishes it. Dis- 
card an idea only if you have first let it ferment for a 
while and then found it totally unpalatable. The more 
original an idea, the longer it may take for you to be- 
come used to it. 

Perhaps you are already highly original, full of ideas, 
but just too cautious or lacking in confidence to let 
them get out into the bright light of day where they 
can be more adequately evaluated. Do not be afraid— 
give your wildest idea at least the benefit of your own 
thorough judgment. Then, if it still seems incredibly 
foolish, do not be embarrassed. If you do not tell, no- 
body will ever suspect that you had it. 

A final help to original thought, and perhaps the most 
productive of all, is the manual application of the brain. 
Nothing will stimulate creative thinking like applying it 
by actual work in the laboratory. There is no better 
way of evaluating an idea and, especially, there is no 
better way of improving on it. Even if the original 
idea appears by laboratory test to have no merit, the 
chances are good that the process of working on it may 
result in a new idea that does have merit. 

In conclusion, to be original, be ever skeptical_of the 
self-evident, and remember that the obvious often 
escapes attention. Remember, too, that creative 
thought is a process, not a quality or an endowment, 
and should be within the power of everyone. Cultivate 
many interests, and receive with motherly: tolerance 
and patient wisdom the ideas which they will stimulate. 
Finally, never hesitate to walk with your head in the 
clouds, but be sure both feet are firmly on the ground. 
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a A RAPID METHOD FOR ADJUSTING GRADES TO 
A STANDARD SCALE 


Ir various phases of a student’s work are evaluated 
numerically and the numerical evaluations are averaged 
to obtain a final grade for the course, then all the nu- 
merical evaluations should be reduced to the same scale 
before they are averaged. In the case of written exami- 
nations the numerical grades on subjective or essay 
type examinations will in general range between 50% 
and 100% with a class average from 70% to 80%, if 
the instructor considers 75% to be indicative of average 
student performance. With objective examinations, 
graded to compensate for guessing, and with numerical 
problems the grades are more apt to range between 
0% and 100% with a class average near 50%. If a 
student consistently does the same quality of work 
relative to that of the other members of a class his final 
standing in the class will be approximately the same 
no matter what methods of evaluation are used nor how 
the evaluations are averaged. This, however, is not 
true for the student who is not consistent in the quality 
of his work. If the different sets of grades are not each 
reduced to a standard scale before they are averaged, 
the effective weighting factors for the various phases of 
the students’ work will be different for each student and 
will influence the relative standing of all students, par- 
ticularly those who are not consistent in the quality of 
their work. Various objective methods have been used 
to adjust grades in classes which are large enough to give 
significance to the class average. In small classes 
objective methods must give way to subjective methods. 

The most equitable adjustment of grades to a con- 
sistent scale is obtained by the computation of standard 
scores (z-scores)! or modifications thereof. This pro- 
cedure is most accurate in very large classes. In any 
case it involves considerable computation on the part 
of the instructor and unless students have already been 
oriented to this method of scoring such orientation will 
be necessary. Any method of adjusting grades which 
will produce approximately the same results without 
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requiring much time or effort on the part of the in- 
structor will be of value, particularly if the final scores 
fit into traditional schemes of grading. 

Many instructors who have to evaluate a student’s 
work by a letter grade like to associate each letter grade 
with a definite numerical range, such as: A, 94-100; 
B, 85-98; C, 71-84; D, 60-70; E, less than 60. 
Different methods have been used to adjust student 
scores so that the adjusted grades would place each 
student in his proper letter classification. 

Ehret? has recently described a device to adjust 
grades so that they are related to some arbitrary figure 
which has been chosen to represent average performance 
by a class. The principle underlying part of the 
method reported by Ehret is identical to the principle 
involved in the method which was devised by the 
author twelve years ago and has been used successfully 
by him during ten years of teaching. This latter method 
has the following advantages over Ehret’s device. 

1. It produces a better correlation between student 
grades obtained with different types of examinations 
and other written work. 

2. It requires only a slide rule with A and B scales, 
though a modification of Ehret’s device can be used. 

3. It actually adjusts a set of class grades to any 
desired class average. 

The method used by Ehret? adjusts grades below 
class average according to the relation 


7 Ma 
Sea = =F S (1) 





where M is the average, or mean, raw score for the 
class, M,, is the standard class average to which the 
grades are to be adjusted (taken as 75 by Ehret), S is the 
raw score for a given student, and S,, is the adjusted 
score. 

For raw scores above the average raw score the 
method used by Ehret utilizes the relation 
(100 — Mz) 


Saa = 100 = (100 aa S) (100 — M) (2) 





2 Exret, W. F., J. Cuem. Epuc., 25, 690 (1948). 


Adjusted scores and selected standard average 
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Figure 1. Revised Numbering of A and B Scales for Use in Adjusting Grades 
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The adjustment in each case is readily made by the 
device described by Ehret. 

Unless the class range of raw scores is approximately 
the same on all examinations and in all phases of the 
students’ work this method will not result in an equi- 
table adjustment of grades suitable for combination to 
obtain an over-all average. A set of raw grades ranging 
from 0% to 100% will give adjusted grades with the 
same range even though the class average is adjusted 
to approximately 75%. <A set of raw grades ranging 
from 50% to 100% will give adjusted grades with 
approximately the same range. 

If equation (2) is used to adjust all;the grades a more 
equitable adjustment results, for then all sets of grades 
will not only be reduced to the same class average but 
also to the same range of grades. The resulting ad- 
justed grades will be comparable to standard scores.’ If 
75% is selected to represent average performance by a 
class, then any set of grades with a range from n% 
to 100% and an average of (n + 100)/2% will be ad- 
justed to the range 50% to 100% and an average of 
75%. If 50% is selected as average performance the 
adjusted grades will be in the range 0% to 100%. If 
m% is selected as average performance the adjusted 
grades will be in the range 100% to (2m — 100)%. 
Of course it is only in very large homogeneous classes 
that the above relation will exist between the extreme 
grades and the average grade in accordance with a 
normal distribution curve. In most cases the approxi- 


mation to this relation justifies the use of equation 
(2) to obtain an equitable adjustment of grades. 
Equation (2) can be used to adjust grades by proper 


use of the A and B scales of a slide rule. The scales 
must be read backwards starting with zero at the right 
end. This can be done readily with a little practice. 
A better method is to shave the numbers from the A 
and B scales of an inexpensive wooden slide rule and 
renumber the scales in accordance with Figure 1. 
One scale (B in Figure 1) is selected to represent the 
raw scores. The other scale (A in Figure 1) represents 
the adjusted scores. If the average of the raw scores 
(on the raw score scale) is placed opposite the selected 
standard average, the proper adjusted grade will lie 
opposite each raw score. The two scales shown in 
Figure 1 are in position to correspond to a raw score 
average of 57% which is being adjusted to a standard 
average of 75%. In this case a raw score of 83% is 
adjusted to a score of 90%. Any value may be 
selected as the standard average. 
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Since the above method for the adjustment of scores 
is based on equation (2), a device similar to that de- 
scribed by Ehret? could be employed. However, all the 
lines on his device must be drawn through the same 
focus which he uses for grades above 75%. Such a 
device would still require visual interpolation or the use 
of a hundred radiating lines which might be confusing. 
The use of the A and B scales of a slide rule is much 
s mpler. 

The method described herein has an additional ad- 
vantage over that described by Ehret. The average 
of the adjusted grades will equal the selected standard 
average. This will be true if either equation (1) or 
equation (2) is used exclusivély for all grades. It is 
not true of the adjusted grades obtained by the use of 
both equations. Thus the ten grades, 37, 45, 51, 54, 
62, 70, 71, 80, 86, and 87, arbitrarily selected, give a raw 
score average of 64.3. If these grades are adjusted by 
the device described by Ehret for an assumed average 
class performance of 75%, the average of the adjusted 
grades is 71.6%. If the same grades are adjusted to a 
standard average of 75% by the method described here- 
in the average of the adjusted grades is exactly 75%. 

In applying this method, as with most methods of 
scoring, some modification may occasionally have to 
be made because of the nature of a given set of scores. 
This method assumes that the maximum possible raw 
score in each case is 100 and that the examination 
or other work was of such a nature that the best stu- 
dents might be expected to obtain scores close to the 
maximum possible score. If these two conditions are 
not met in a given case all raw scores should first be 
multiplied by a factor which will raise the highest raw 
score to 100 or to some arbitrarily selected value near 
100. The factor will be 100 (or the arbitrarily selected 
value) divided by the highest raw score. The selection 
of the factor to be used will be influenced by the in- 
structor’s evaluation of the quality of work shown by 
the highest raw score. To this extent this method is 
not truly objective. 

The labor required for the adjustment of grades by 
this method is almost negligible compared to that 
required by more exact statistical methods, however 
the results obtained are similar. The raw scores in all 
phases of the students’ work are reduced to the same 
class average and approximately the same spread of 
scores. This method has the further advantage of 
producing adjusted scores which fit easily into grading 
schemes that are traditional at many schools. 





THE PLACE OF THEORY IN SCIENTIFIC METHOD’ 


BY WAY of introduction I should like to express the opinion 
that the working philosophy of the scientist must be an empiricist 
philosophy. The raw materials with which the scientist deals are 
empirical data, derived from physical experiments and observa- 
tions, and the ultimate aim of his manipulations of these raw 
materials is the prediction or control of other natural events. 
Thus his activities fail on a path which leads from experimental 
events out through the realms of theory and then back to other 
experimental events. 

This primacy of the empirical in science really constitutes a 
metaphysical assumption, and I think that it should be frankly 
admitted as such. Thus, we do not believe that methods of 
pure introspection, of mystic communion, or of sheer intuition 
can possibly yield new knowledge about physical events. The 
basis for believing this is chiefly the conspicuous failure of all 
such methods in the past. Of course, we should be aware that 
no such conclusion can be certain, that conceivably the future 
could bring a mystic or a necromancer with genuine ability to 
gain physical knowledge in this way, and in such a case our basic 
assumptions would have to be changed. 

But having embraced the empiricist’s outlook in science, it is 
plainly necessary to go all the way and recognize the empirical 
basis of all our knowledge of the physical world—everyday 
knowledge about trees and rocks and small boys, as well as our 
professional knowledge of crystals and electrons and de Broglie 
waves. The tree we have known about all our lives, and we 
have become so accustomed to associating its separate attributes 
(its color, its shape, its feel) into the single entity which we call 
tree that we must force ourselves to pause and deliberate in order 
to recognize that we do this. It is not self-evident from its purely 
visual aspect, for instance, what the olfactory aspects of the tree 
will be—we know each of these from having experienced them, 
and only from having experienced them. We are accustomed to 
saying that because of the permanence and reproducibility of a 
certain set of sensory data which we always experience when in 
the vicinity of a tree that the tree represents a reality independent 
of ourselves, that it exists. Such a frequently encountered com- 
plex of sensory attributes as a tree we will denote by the technical 
term construct.? 

In a precisely similar way, it is convenient to lump together 
another frequently occurring complex of items of experience and 
call them an electron. So long as this classification of items of 
experience is convenient the term will be legitimate, and one 
may, if he likes, say that the electron is real, that it exists. The 
existence thus implied is qualitatively as sound as the existence 
assumed for a tree. One may object that we actually see the 
tree, whereas we never see the electron, we only get sensory 
perceptions from it by way of a rather complex set of instru- 
ments—a cloud chamber, a counter, a cathode-ray tube, or a 
Millikan oil drop. But, for that matter, we do not see the tree 
either; we see the light which comes from it. And our minds 
do not really experience the light, but rather the retinal nerve 
impulses, and so on. The point is that our knowledge of both 
tree and electron is indirect, and that of the electron is merely 





1 Presented June 11, 1948, at the Roundtable Discussion on 
The Scientific Method at the Colloquium of College Physicists, 
State University of Iowa, Iowa City, Iowa. Reprinted from the 
American Journal of Physics, 17, 2 (1949). 
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Rev. Mod. Physics, 13, 176 (1941). 
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more indirect than that of the tree. The difference in the status 
of the two constructs might be said to be purely quantitative. 
A future physics might improve on or eliminate the construct 
of electron altogether, through the invention of a new construct 
which more adequately correlates the present-day electronic 
manifestations with others perhaps still unknown, whereas it 
seems highly unlikely that the construct tree will be supplanted 
by anything better for everyday affairs. So far as we know this 
difference exists only because of the greater immediacy of trees 
to our senses. A sapient microbe or a Maxwell demon might 
regard the electron as an obviously existent entity, but the 
occasional organization of electrons into trees might seem to him 
highly conjectural. 

We are now in a position to examine the role which theory 
must play in scientific investigation. In addition to gathering 
data the scientist finds it profitable to subject his data to many 
mental operations of analysis, classification, organization, and 
the like. For brevity, I think we can describe all these operations 
as processes of correlating the empirical data. These processes 
serve to make the results of multifarious experiments more 
easily remembered, more readily encompassed in contemplation, 
and more easily dealt with in discourse. They also aid in pre- 
diction, that is, in correlating the results of past experiments 
with future experiments, and this is perhaps their most important 
function. I believe that this correlation of empirical data is 
what is essentially involved, and is all that is essentially involved, 
in the formation of a scientific theory. Thus, we could define 
a theory as simply a structure of correlations among observed data. 
A theory is useful, of course, in direct proportion to the extent 
of the phenomena which it correlates; it becomes defective when 
new experiments to which it should apply fail to agree with it; 
and it becomes obsolete when a new theory is constructed which 
correlates more phenomena or correlates the same phenomena 
more simply than the old one. Clearly, to be useful, a theory 
must be capable of application to new experiments, of a similar 
type but different from, previous experiments used in establishing 
the theory. It must be more than a mere catalog of a finite 
number of already completed observations. Consequently every 
current theory is continually being retested as new experiments 
within its province are made. Since the number of different 
experiments in even one simple field is infinite, it is clear that 
no theory can ever be regarded as established with absolute 
certainty. * 

I have given a very simple account of the nature of scientific 
theories, but it should be obvious that this does not insure that 
the theories themselves should be simple. Indeed the process 
of theory formation in physics is largely in the hands of a special 
group of people who make this their entire work, and who 
frequently lead strange lives and speak a strange jargon, un- 
intelligible to their friends. In this account I have conspicuously 
omitted several features which are often expected of theories, 
such as giving an understanding of nature, explaining phenomena, 
or giving an insight into reality. I think that in a profound 
sense the process of explanation can never be more than one of 
correlation of a new phenomenon with a group of phenomena 
previously interrelated and already familiar to the observer, 
and hence the above-stipulated type of theory will do all the 
explaining that can ever be done in science. As to understanding 
and insight, here again a sufficiently compact and general corre- 
lation is all that understanding can really amount to. A theory 
may give an improved understanding by being stated in pictur- 
esque. terms,or by-being.endowed-with-the features.of a mechani- 
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cal prototype, as for example, when one interprets a quantum 
mechanical problem in terms of a Bohr model; but the improve- 
ment in understandability arises only because the terms of the 
theory have been made more like the limited experiences of the 
scientist, not because the theory has been made a more accurate 
copy of reality. 

From the preceding discussion of the empirical basis of all 
knowledge, it should now be evident that the only demand 
which a scientific theory must invariably meet is that it should 
correlate observations. This is the irreducible minimum which, 
on the basis of the present outlook in science, can be expected. 
Now it should also be mentioned that this is not the maximum 
which usually has been demanded of theories, and much dis- 
cussion can be given of additional requirements which are 
commonly set. At present, all physical theories are made up 
of two ingredients: physical constructs, or concepts, such as trees, 
electrons, length, energy, and physical laws. The constructs 
are related, by their definitions, to certain clearly delineated 
elements of physical experience, and the physical laws are brief 
statements of the correlations to be found among the constructs. 
These ingredients must be mentally manipulated by the scientist, 
and in doing this he inevitably employs some basic laws of logic. 
Up to the present, the logic employed in science has always been 
Aristotelian logic, the, logic of ‘common sense.” Conceivably, 
theories could be devised which are to be dealt with in other 
systems of logic, and possibly the physics of ‘the future will be 
handled in such a way. Appealing logic, but pioneering attempts 
to do this have not been compellingly successful. 

A first supplementary requirement of a theory, then, is that a 
definite brand of logic goes with it. A second requirement of 
successful theories is that of convenience, or simplicity. This is, 
of course, a relative requirement, and means only that, if two 
theories are available which equally well correlate data, that 
which is simpler is to be preferred. The requirement is not 
grounded upon any necessity for nature to be simple; quite 
possibly it is not, but the scientist is human and life is short. 


A third requirement which is commonly placed on theories is 
that their ranges of applicability should be as wide as possible. 
By range of applicability I mean two things. First, I mean the 
range of types of phenomena to which the theory applies, and 
second, I mean the range of spatio-temporal localities in which 


these phenomena may occur. Thus, the kinetic theory of 
matter is supposed to apply to matter composing biological 
organisms as well as to an inert gas in a cylinder. It is also 
supposed to apply to matter in remote nebulae as well as on 
the earth, and to matter at a previous epoch as well as to matter 
at the present time and in the future. Notice that in this third 
requirement universal applicability is not demanded. Very 
many useful scientific theories involve only limited constructs, 
and thus are applicable only to limited classes of phenomena. 
The gene theory of heredity, for instance, has nothing to say 
about the behavior of the atomic nucleus, but this is not regarded 
as one of its defects. On the other hand, some theories accord 
with observations only when their ranges are arbitrarily re- 
stricted among those phenomena which are clearly within their 
scope, and this is always regarded as a serious drawback. Quan- 
tum electrodynamics is exhibiting such a failure in an acute 
form today. 

On the score of their phenomenological range, one may then 
rank theories in degrees of basicness, and frequently it is assumed 
or hoped, that one completely fundamental theory will even- 
tually emerge which will include all the others as special cases. 
As is suggested by the doctrine of integrative levels,* this ideal 
may be completely unattainable. All that may be said with 
assurance is that the range of a theory is one criterion of its 
usefulness, and that if two theories are equal in other respects, 
the one with the greater range will be regarded as superior. 

As a fourth consideration, serving as a useful guide in the 
framing of theories, it is clear that a new theory must always 
reckon with an immense body of already established théories, 





3 NeEEpDHAM, J., ‘‘Time, the Refreshing River,’’ Macmillan 
Co., New York, 1943. R. Astowrtz, Philosophy of Science, 6, 
1 (1939). 
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and that it must be in substantial agreement with these theoric. 
in regions of their simultaneous applicability, or else be prepared 
to find favorable experimental evidence on tue .contradicted 
points. For brevity, let us call this requirement consonance 
with already validated theories. This requirement is actually no 
more than a corollary of our one basic tenet, that a valid theory 
must agree with experiment. In practice, however, it is common 
to represent a vast number of individual experiments by the 
validated theories themselves, and preliminary comparison 
between a new theory and an established theory, in the region 
of their overlap, if often done entirely on the mental level. 
Thus, although wave mechanics is at great and fundamental 
variance with Newtonian mechanics, one of the very useful 
guides in its development was that it should agree, at least very 
accurately, with Newtonian. mechanics in the realm: of: everyday 
masses and energies, a realm in which Newtonian mechanics had 
already had overwhelming experimental confirmation. 

In view of these remarks, the spatio-temporal extensibility 
mentioned as part of the third requirement may be given a new 
interpretation: the theory of relativity depends upon a kind of 
homogeneity of space and time, and any phenomenon whose 
nature depends upon absolute values of its space or time coordi- 
nates does not fit into this theory. The requirement of permanence 
which some writers have placed upon theories may thus be 
viewed as a consequence of the requirement of Lorentz invari- 
ance. Any violation of this, while not at all inconceivable, 
would also have to account for the numerous experimental results 
which have, directly or indirectly, been summarized by the rela- 
tivity principle.‘ Thus we have recognized one and only one 
basic, invariable requirement of theories, and we have also recog- 
nized that, by its nature, a theory demands a system of logic for 
its operation. In addition, we have depicted certain guiding 
considerations, useful in constructing theories and in arbitrating 
between rival theories, but not of supreme or final weight. 
These were: simplicity, range. of applicability, and consonance 
with already validated theories. Finally, we shall note briefly 
certain relevant features of the constituent elements of theories. 

Constructs, the first of the two ingredients which we have 
recognized in familiar theories, may be subdivided into two classes: 
some constructs are physical quantities, such as position, momen- 
tum, potential energy, and the like. Other constructs are physical 
systems, such as electrons, molecules, light waves, gases, and so 
on. The physical systems which entered into the science of an 
earlier era, for evident reasons, were developed to deal with 
situations which were only moderately elaborate, and only 
moderately removed from everyday experience. Consequently 
it is not surprising that they were not every different from the 
elements of nature immediately available to everyday experience. 
The bodies and gravitational attractions involved in the motion 
of the planets around the sun were very like the bodies and 
attractions involved in the fall of apples to the earth. But as the 
observations of science embraced new realms, totally different 
effects were discovered, and totally new physical systems had to 
be invented for their correlation. Almost inevitably the demands 
of common sense were violated in this process, for common sense, 
after all, involves nothing more than the totality of constructs 
adequate for phenomena in the everyday range, ingrained in the 
mind and made so familiar as to seem a part of the necessary 
appurtenances of thought itself. Similarly the pleasant feature 
of picturability of constructs may have been lost, for what is 
picturability but resemblance to constructs within that limited 
range of affairs which happens to be familiar from everyday ob- 
servation? Asa matter of fact very abstruse things, such as four- 
dimensional space, can be pictured fairly satisfactorily if one 
intently conditions his mind. 

A similar generalization has been necessary in the types of 
quantities admitted to theories. Quantities can be defined in 
terms of the operations needed to measure them, and classical 
quantities, when measured, always result in numbers. Thus, 
length can be laid off with a meter stick, and, through the proc- 





‘This discussion needs modification, of course, before being 
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ess of counting, it may have a number attached to it. Not 
many centuries ago it would have been maintained, I believe, 
that no such quantity could be permitted in science unless its 
measurement gave rise to real, positive numbers. Since then, 
negative numbers have been admitted, as, for example, in tem- 
perature measurements; complex numbers have also proved con- 
venient, as in dealing with alternating currents and simple har- 
monic waves, and, finally, very abstruse mathematical quantities 
such as tensors, spinors, operators, and vectors in Hilbert space, 
have more recently been employed in theories. If such complica- 
tions seem necessary in order to get a theory which will correlate 
real observations, it seems to me that one can find no methodo- 
logical fault with the situation, other than on the purely per- 
sonal grounds that one does not enjoy working with these tools, 
or is not familiar enough with them to have confidence in them. 
Thus, in classical mechanics, the quantities which play a primary 
role are positions and momenta of bodies; in quantum mechanics 
they are state functions and the corresponding operators, and in 
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a profound sense the latter are just as real, and just as unreal, 
as the former. Both allow calculations to proceed from initial 
observations on a system, for instance, to predictions of the out- 
come of subsequent observations, and each, within its realm of 
validity, seems to work well. ‘The predictions in the classical 
case, of course, are of precise values for certain quantities, in 
quantum mechanics they are of a probability aggregate, so that 
for an adequate test of the theory many repeated measurements, 
rather than one, are needed. Yet, there is no a priori reason 
for thinking the data of experience will not occur in just this way. 

In summary, then, we may say that scientific theory should 
stand as a convenient bridge between various experiments, 
ordinarily a bridge between completed experiments of the past 
and contemplated experiments of the future. The constructs 
and laws of scientific theory need only satisfy the condition of 
correctly correlating all such experiences. There is no other way 
of testing whether the constructs and the laws are true, real, or 
sensible. 


BYLAWS OF THE DIVISION OF CHEMICAL 
EDUCATION 


Tus Revision of the Bylaws of the Division of Chemi- 
cal Education was begun in September, 1948, and is to 
be voted on at the annual meeting of the Division in 
Atlantic City in September, 1949. The Committee on 
Revision includes L. L. Quill, L. E. Steiner, and P. H. 
Fall. 


BYLAW I. NAME AND OBJECTS 


Sec. 1. The name of this organization shall be the Division of 
Chemical Education of the American Chemical Society. 

Sec. 2. It is the object of this Division to afford a meeting 
ground for teachers and students of chemistry, as well as for others 
whoareinterested in thelarger aspects of chemical education, which 
include the training of professional chemists and indeed all the 
processes by which original knowledge and investigations are 
made understandable and usable to others. This Division will 
attempt to cooperate with all other divisions of the Society, and 
with related organizations, since its’ objects cut across all bound- 
ary lines of chemistry. It shall publish a journal, called the 
JouRNAL oF CHemicaL Epvucation, which shall be the official 
organ of the Division. It may, through special committees, con- 
duct investigations and studies relating to any phase of chemical 
education. 


BYLAW II. MEMBERSHIPS 


Sec. 1. Membership in this Division is open to all members of 
the American Chemical Society who indicate in writing their wish 
to join the Division and who pay the annual dues. Application 
for membership shall be sent to the Secretary of the Division. 

Sec. 2. A person who is not a member of the American Chemi- 
cal Society but who wishes to participate in the activities of this 
Division may become a Division Associate. Division Associates 
may not vote or hold office, but they have all other privileges of 
membership i in the Division which are permitted by the Consti- 
tution and Bylaws of the Society. 

Sec. 3. Membership i in this Division carries with it the privi- 
lege of receiving free of charge, in advance of meetipgs, abstracts 
of papers to be presented before the Division and to purchase at 
reduced rates bound sets of abstracts of all papers presented at 
national meetings. . In addition, members enjoy: the customary 


privilege of voting, holding office, and working on standing and 
special committees. 

Sec. 4. Any member or associate may resign his membership 
in the Division by submitting his resignation in writing to the 
Secretary of the Division during the year for which his dues are 
paid. 

Sec. 5. (a) The name of any member of the Division who is 
in arrears in payment of dues by as much as two years, shall be 
stricken from the rolls. He may, however, be reinstated under 
the conditions applying to new members upon payment of the 
amount for which he was in arrears. 

(b) A Division Associate shall retain his associate status only 
so long as he pays Division dues. 


BYLAW III. OFFICERS 


Sec. 1. The officers of the Division must be Members, Senior 
Grade, and shall consist of a Chairman, a Chairman-elect, a 
Secretary, a Treasurer, and the other members of the Executive 
Committee. (See Bylaw III, Sec. 3 a.) 

Sec. 2. (a) The duties of the Chairman shall be to preside at 
the meetings of the Division and its Executive Committee and to 
carry into effect their decisions and recommendations. : He shall 
appoint the members of all committees whose membership is not 
otherwise provided for. 

(b) The duties of the Chairman-elect shall be to assume the 
duties of the Chairman in his absence. 

(c) It shall be the duty of the Secretary to Ikéep a tecord of the 
proceedings of the Division, of the Executive Committee, and of 
the Board of Publication; to maintain a list of members and 
associates; to send to members such notices as the business of the 
Division may require and to carry out'all the dities outlined in 
the Constitution and Bylaws of the Society. He shall submit a 
report to the Division at its annual meeting. At least two weeks 
before the regular meetings of the American Chemical Society 
the Secretary shall send to each member in good standing ab- 
stracts of papers to be presented before the Division. - The Seere- 
tary shall also submit the annual report of the Division to the 
Council Policy Committee. The Secretary shall be one of the 
councilors of the Division. It shall also be the duty of the Secre- 
tary to arrange the programs for the meetings and to transmit to 
the Secretary of the American Chemical Society the names of all 
officers and committees of the Division''within three:weeks of 
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their election or appointment. He shall notify the Secretary of 
the American Chemical Society of any changes in officers and 
committees during the year. 

(d) The duties of the Treasurer shall be to have charge of the 
funds of the Division, to collect dues and assessments, and to 
make such disbursements as are authorized by the Executive 
Committee. He shall submit annual reports to the Division and 
to the Council Policy Committee. 

Sec. 3. Executive Committee. (a) The Executive Committee 
shall consist of the Chairman, the Chairman-elect, the Secretary, 
the Treasurer, the immediate past Chairman, a member-at-large, 
the elected councilor, and the Editor of the JourRNAL or CHEMICAL 
EDUCATION. 

(b) The duties of the Executive Committee shall be to manage 
the affairs of the Division and perform any other work delegated 
to it by the Division. The Executive Committee shall appoint 
the members of the Board of Publication of the JouRNAL oF 
CuemicaL Epucation and elect the alternate councilors. Funds 
of the Division shall not be spent nor expense incurred by any 
officer or Committee unless the money is appropriated or expense 
authorized in advance by the Executive Committee. 

Sec. 4. Election of Officers. (a) All officers, except the Chair- 
man, the past Chairman, and the Editor of the JouRNAL oF 
CuEMICAL EpucartIoN, shall be elected by a plurality of the mem- 
bers of the Division present at the business meeting of the Divi- 
sion during the fall meeting of the Society, as hereafter provided 
for. 

(b) The Chairman-elect shall succeed to the Chairmanship 
and the Chairman shall succeed to the past Chairmanship. 

(c) The Editor shall be appointed by the Board of Publication. 

(d) Nominees for other offices whose terms expire shall be 
nominated by a committee of three appointed by the Chairman 
at the spring meeting of the Division. This committee shall 
present a list of nominations at the last business session of the 
Division at the fall meeting, after having ascertained that the 
nominees are willing to serve. If other nominations are made 
from the floor at the election session, election shall be by ballot. 

Sec. &. Term of Office. (a) The Chairman, the Chairman- 
elect, and the past Chairman shall each serve for one year, in 
their respective capacities, or until their successors are elected. 

(b) The Secretary, the Treasurer, the member-at-large of the 
Executive Committee, and the elected Councilor shall serve for 
two-year terms. In odd-numbered years the Secretary and the 
member-at-large shall be elected. In even-numbered years the 
Treasurer and elected Councilor shall be elected. 

(c) The term of all officers shall begin at the close of the meet- 
ing at which they are elected. 

(d) Vacancies in any office shall be filled by the Executive 
Committee. The incumbent so selected shall serve until the next 
regular annual election, at which time an election shall be held 
to fill any unexpired terms in the usual manner. 


BYLAW IV. COUNCILORS 


Sec. 1. (a) There shall be two councilors and two alternate 
councilors to represent the Division in the Council of the Society. 

(b) Each of the councilors and alternate councilors shall serve 
for two-year terms. 

Sec. 2. (a) One of the Councilors shall be the Secretary who 
shall serve ex-officio. 

(b) The second councilor, called the elected councilor, shall be 
elected by the Division as provided for in Bylaw ITI, Sections 4 
and 5. 

Sec. 3. (a) The alternate councilors shall be elected by the 
Executive Committee, one each year. 


BYLAW V. COMMITTEES 


Sec. 1. In addition to the Executive Committee the following 
shall be committees of the Division: 
(a) The Board of Publication of the JouRNAL or CHEMICAL 
EpvucATION. 
(b) Auditing Committee. 
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(c) Nominating Committee. 
Sec. 2. Additional committees may be established by order of 
the Division, the Executive Committee, or the Chairman. 


BYLAW VI. DUES 


Sec. 1. Members of the Division shall pay annual dues not to 
exceed two dollars ($2), the amount to be decided annually by 
the Executive Committee. Dues are payable in advance. 

Sec. 2. Division Associates shall pay annual dues of two 
dollars ($2). 


BYLAW VII. MEETINGS 


Sec. 1. The Division shall meet at each national meeting 
of the Society, unless the Executive Committee votes otherwise, 
provided that the requirements for a minimum number of meet- 
ings as specified in the Bylaws of the Society shall be met. 

Sec. 2. The annual meeting of the Division shall be held at 
the fall meeting of the Society. Division business requiring vote 
of the membership shall be conducted only at this meeting, and 
those present shall constitute a quorum. 

Sec. 3. Special meetings of the Division may be called by the 
Executive Committee, if notice is given to the membership in 
writing or by publication in the official organ of the Society at 
least two months in advance. Special meetings may not be held 
within one month before or after a national meeting. 

Sec. 4. The order of business shall be substantially as follows: 
reading of minutes, report of Secretary, report of Treasurer, 
report of Executive Committee, reports of special committees and 
discussions, and miscellaneous business. 

Sec. 8. The fee for registration at any special meeting shall be 
decided by the Executive Committee, in accordance with the 
Bylaws of the American Chemical Society. 


BYLAW VIII. PAPERS SUBMITTED FOR PRESENTA- 
TION 


Sec. 1. In accordance with Bylaw III, Sec. 2 (c), all papers 
intended for presentation before the Division are to be submitted 
to the Secretary who is empowered to accept or reject the same. 

Sec. 2. The rules for papers presented before meetings of the 
American Chemical Society as outlined in the Bylaws and Regu- 
lations of the Society shall govern this Division. 


BYLAW IX. MANAGEMENT OF JOURNAL OF CHEMI- 
CAL EDUCATION 


Sec. 1. The management of the JouRNAL oF CHEMICAL Epvu- 
CATION shall be in the hands of a Board of Publication. 

Sec. 2. (a) The Board shall consist of the Chairman, the 
Secretary, and the Treasurer of the Division, ez officio, and three 
other members to be chosen by the Executive Committee for 
terms of three years in rotation. 

(b) The Board shall hold its annual meeting at the time of the 
annual meeting of the Society. 

(c) The Board shall elect from its members its own Chairman, 
to serve for a period of two years. 

(d) In the absence of the Chairman of the Board, the Chair- 
man of the Division shall call the Board together. 

(e) The Secretary of the Division shall serve as Secretary of 
the Board. 


BYLAW X. AMENDMENTS 


Sec. 1. Amendments to these Bylaws may be made by a two- 
thirds vote of the active members voting provided thgt one 
month’s notice of the proposed amendment or amendments have 
been given. Notice may be made either by publication in the 
JOURNAL OF CHEMICAL EpucaTION or in writing to the members 
of the Division. Amendments may be made at either the annual 
meeting of the Division or by a mail vote of all active members. 

Sec. 2. All amendments to these Bylaws must be approved by 
the Council of the Society. 
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‘, Technical Education in Korea 


We recently received the following appeal from 
James B. Holland, AMIK (Technological Training 
Division), APO 235, c/o Postmaster, San Francisco, 
California. Maybe some of our readers can give him 
a more satisfactory answer than we are able to. Cer- 
tainly he would be glad to receive suggestions. 


Presently I am affiliated with the Technological Training 
Division of the Economic Cooperation Administration in Korea. 
We are working with the technical middle schools and colleges to 
train competent technicians and engineers to fill the vacancies 
that were created when the Japanese who held almost all of them 
were repatriated to Japan at the cessation of the hostilities of the 
War. 

This is a formidable undertaking. There is a great lack of al- 
most everything in Korea. The instructors need assistance and 
guidance, the textbooks are obsolete, and the laboratory equip- 
ment and supplies are inadequate. Our problem is to overcome 
these difficulties. 

Our staff is very limited, and reference material is practically 
nonexistent. Hence we have been forced to call upon those at 
home for advice and assistance in this important undertaking. 

It is our impression that your organization has done much work 
in the way of visual education. Do you have anything that 
might aid in the presentation of teacher-training methods to the 
instructors, and anything that might be used for the instruction 
of the students? 

If you have any other suggestions that you think might be an 
asset to this program, will you please communicate them? 


@ Film Strips 


The Society for Visual Education (100 East Ohio 
Street, Chicago, Illinois) has issued a “‘Pictural Cata- 
log” of 35-mm film strips which includes 18 strips on 
the foundations and principles of chemistry, along with 
a considerable number in other sciences. 


® Teaching Aids 


A revised bulletin on ‘‘Teaching Aids” was issued 
recently by the Westinghouse Electric Corporation 
(306 Fourth Avenue, Pittsburgh 30, Pennsylvania), 
containing information on charts, posters, films, radio 
aids, and scholarships. 


» In and Out of Rubber Stoppers 


A method of inserting tubing, thermométers, etc., 
into rubber stoppers was suggested to us recently 
by J. H. Morton, of Samuel Huston College, Austin, 
Texas. Insert a well-lubricated cork borer into the 
hole of the stopper and work the next larger cork borer 


over the first one, from the other side of the stopper. Re- 
move the smaller one and replace it by the next larger 
borer. Continue, using larger and larger borers from 
opposite sides, until the tubing or thermometer will 
slip inside the cork borer, which is then carefully re- 
moved. 

When tubing is hopelessly stuck in a rubber stopper 
it is sometimes possible to remove it by slipping a 
closely fitting cork borer over it and working it down 
to loosen the stopper. 


3 Oxygen Generators 


Accidents will be fewer if you substitute a small 
distilling flask for the hard-glass test tube ordinarily 
used for generating oxygen in laboratory experiments. 
The KCIO; will be less likely to spatter on the stopper 
and ignite it. This suggestion was made by Harold E. 
Merchant, of Chaffey College, Ontario, California. 


@ Early History of Phosphorus 


We recently received a communication from Prof. 
J. R. Partington, of Queen Mary College, University of 


London. He called attention to a remark in the paper 
by Prandtl on the history of phosphorus, appearing in 
our August, 1948, issue, to the effect that the pamphlets 
by Elsholz on this subject had not been referred to by 
any other.author. This is an obvious error, since 
Dr. Partington sends us a reprint of a paper by himself 
on “The Early History of Phosphorus” (Science Prog- 
ress, No. 119, January, 1906) in which he describes 
these pamphlets at some length. We are glad to set 
the record straight in this regard and to give credit 
where it is due. 


& Use of the Balance 


Instruction of large groups in the care and use of the 
analytical balance is always difficult. Shirley Gordon 
and Ivan Putnam, Jr., have described how this problem 
was met at the State College of Washington by making 
a film strip of 97 frames of pictures, diagrams, and titles, 
in which the various operations were portrayed. An 
outline of the important points was first given the class 
after which the film strip was shown. The instructor 
generally made comments at the same time, sometimes 
accompanied by a demonstration on a balance before 
the class. 

The technique in the balance room was noticeably 
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improved as shown by tests carried out on controlled 
groups in the class. 


@ Melting Points 


To show how numerous steel mills, metal-working 
ships, oil refineries, chemical works and other plants 
are effectively combating stream pollution through the 
use of standard pH equipment which automatically 
controls the neutralization of waste, the Leeds & 
Northrup Company has published a 20-page, fully 
illustrated bulletin entitled, “For Effective Neutraliza- 
tion of Industrial Wastes—Micromax Automatic pH 
Control.” 


E€ Measurement of Radioactive Isotopes 


Radioactive isotopes are today finding an increasing 
number of uses in biological and medical experiments 
and in the clinical treatment of disease. In all these 
applications it is important to determine accurately the 
number of radioactive atoms in a radioactive sample. 
However, uniform quantitative results can be obtained 
by different laboratories only through the use of tech- 
niques that will yield absolute measurements or by 
comparison with certified standards. Detailed direc- 
tions for use of radioactive standards and calibrated 
samples of radioisotopes issued by the National Bureau 
of Standards are given in a new 12-page pamphlet 
entitled “Measurement of Radioactive Isotopes,’”’ now 
available as National Bureau of Standards Circular 473. 


& Melting Point Instrument 


The new Vanderkamp “Melt Pointer,’ made by the 
Scientific Glass Apparatus Company, is shown on the 
accompanying illustration. It is operated electrically, 
has no liquid or mechanical stirring unit, and has a 
range to 400°C. 
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ry New International Temperature Scale 


On January 1, 1949, the National Bureau of Stand- 
ards began using the definitions of the International 
Temperature Scale of 1948 both in its own research 
program and in calibrating instruments for other 
scientific and industrial purposes. Based on a draft 
prepared by members of the Bureau staff, the new scale 
was adopted at Paris by the Ninth General Conference 
on Weights and Measures in October, 1948, and the 
official text was approved for publication before the 
end of the year. This is the first revision of the 
International Temperature Seale since its adoption 21 
years ago. The experimental procedures by which the 
scale is to be realized are substantially unchanged; 
but certain refinements, based upon experience, have 
been incorporated to make the scale more uniform and 
reproducible. 

The experimental difficulties inherent in the measure- 
ment of temperature on the thermodynamic scale 
(an ideal scale based on energy changes in a Carnot 
cycle) led to the establishment in 1927 of the practical 
scale known as the International Temperature Scale. 
This scale is based upon six reproducible equilibrium 
temperatures, or ‘fixed points,” to which numerical 
values are assigned, and upon specified interpolation 
formulas relating temperature to the indications of 
specified standard temperature-measuring instruments. 
The scale is designed to conform, as nearly as practical, 
to the thermodynamic Celsius! scale as it is now known. 
At the present time, however, it is possible to obtain 
values of temperature on the International Temperature 
Seale more accurately than on any thermodynamic 
scale. 

The International Temperature Scale of 1927 
proved useful in providing a stable, uniform, and pre- 
cise basis for obtaining temperatures. However, since 
the adoption of this scale, the increasing precision 
attained in temperature measurements had made it 
apparent that some revision was desirable, in order that 
measurements of physical constants—for example, the 
freezing and boiling points of pure compounds—might 
be made on a more exactly comparable basis by labora- 
tories in all parts of the world. Because of the present 
leadership of the United States in the fields of heat 
and thermometry, the major responsibility for pro- 
posing and obtaining agreement on the changes fell 
to the National Bureau of Standards. After many 
consultations with scientists and laboratories in this 
country and abroad, the Bureau prepared a draft which 
formed the basis of the document finally adopted by the 
General Conference as the International Temperature 
Scale of 1948. 

The six fixed points of the 1927 scale were the boiling 
point of oxygen (—182.97°C.), the ireezing and boiling 
points of water, the boiling point of sulfur (+444.60°- 
C.), the melting point of silver (+960.5°C.), and the 
melting point of gold (+1063°C.). From —190° to 





1 The Ninth General Conference decided to abandon the desig- 
nation “Centigrade” and use “‘Celsius’’ instead. 
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+660°C., the measure of temperature was based on the 
‘ndications of a standard platinum-resistance ther- 
mometer used in accordance with specified formulas. 
From +660°C. to the gold point, a platinum-platinum 
rhodium thermocouple was the reference instrument; 
and above the gold point, the optical pyrometer 
has been standard. 

The same fixed points, with one slight modification, 
are specified in the 1948 scale, and the laboratory pro- 
cedures for obtaining temperatures between fixed points 
are essentially the same as those previously used. 
Only two revisions in the definition of the scale result 
in appreciable changes in the numerical values assigned 
to measured temperatures. One of these is the change 
in the value for the silver point from 960.5° to 960.8°C., 
which affects temperatures measured with the standard 
thermocouple. Thus, in the range between 630° and 
1063°C., numerical values of temperature are higher 
than on the 1927 scale, the maximum difference being 
about 0.4 degree near 800°C. The adoption of a new 
value (1.438 cm. deg.) for the constant c2 in the radia- 
tion formulas changes all temperatures above the gold 
point. In the new scale, Planck’s radiation formula is 
specified instead of Wien’s for calculating temperatures 
above the gold point as observed with an optical pyrom- 
eter. Since Planck’s law is consistent with the ther- 
modynamic scale even at high temperatures, this change 
removes the upper limit to the scale formerly imposed 
by the use of Wien’s law. 

There are several other important modifications in 
the scale which cause little or no change in numerical 
values for temperatures but serve to make the tempera- 
tures more definite and reproducible. For example, 
the standard platinum resistance thermometer is to be 
used as a reference instrument from the oxygen point 
to the freezing point of antimony (about 630°C.), 
rather than over the range from —190° to +660°C. 
Platinum of higher purity is also specified for the stand- 
ard resistance thermometer and standard thermo- 
couple, and smaller permissible limits are given for the 
electromotive force of the standard thermocouple at 
the gold point. 


@ Furnace ; 


A new, low-priced laboratory furnace featuring an 
all stainless steel construction is available from Schaar 
and Company, Chicago, Illinois.. Made entirely of 
Type 302, 18-8 stainless steel, the furnace is well 
insulated with 2'/:-in. thick blocks of firebrick on all 
six sides.. Models are available with or without auto- 
matic control and temperature ranges reach 1090°C. 


8 Semimicro Quant. 


We recently received a new “Laboratory Manual 
for Quantitative Analyses by the Use of Semimicro 
Methods,” by Prof. Shirley Gaddis, of Humboldt 
State College, Arcata, California. It is an elaboration 
of the short article by the author which appeared in our 
May, 1947, issue. 


3 Support Stands 


The new “horseshoe support,’’ manufactured by 
Fisher Scientific Company, is shown in the illustration. 
It consists of five units, each having three stainless steel 
legs so arranged that the various units can be assembled 
vertically to make a support of any desired height. 
Different combinations of units can be made as required, 
the ring unit always on top. 





3 Modifying Rubber Molecules 


In 1849 an enterprising merchant in New York City 
advertised that he was “‘prepared to furnish passengers 
by the first ship to California with India Rubber Tents 
made so as to be packed in compact form.” His 
vulcanized rubber was almost as new as the California 
gold rush. It was only 10 years earlier that Charles 
Goodyear heated rubber with sulfur and some lead 
compounds and produced a vastly superior product. 
It was christened vulcanized rubber in honor of the 
Roman God of Fire. Today, sulfur is still preeminent 
as the vulcanizing agent but there are now many 
“rubber chemicals” to aid in rubber processing as well 
as to improve its physical properties and aging quality. 

The original accelerators were inorganic lead, calcium, 
and magnesium compounds, but they have been largely 
superseded by organic accelerators which produce better 
rubber products at lower cost. , Oenslager’s use of 
aniline in 1906 was probably the first, whereas today 
DPG (diphenyl guanidine), MBT (mercaptobenzo- 
thiazole) and MBTS (bensothiazyldisulfide) are most 
commonly used. The rubber chemist can now choose 
the right accelerator for his particular requirement, 
although sometimes he uses blends to get a specific 
result. For some conditions he may add a retarder to 
hold back the accelerator until the proper moment for 
it to function during rubber processing. He also adds 
some antioxidant to resist deterioration with age. 
The many thousands of miles added to tire life in recent 


-years is due to these developments in rubber chemicals. 


The most recent factor for modifying synthetic rub- 
bers is a lower processing temperature. Improved 
synthetic is being made by the “cold” process because a 
lower temperature of polymerization produces molecules 
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of better size and shape. Rubber chemists visualize 
rubber molecules as a mass of coiled chains of various 
lengths and sizes, intimately entwined. The molecules 
of natural rubber are designed by nature through a slow 
process in the rubber tree. The size and shape of the 
synthetic rubber molecules are determined by the initial 
chemicals used and the manner in which they are built 
up, or polymerized. For some time it was realized that 
better synthetic molecules could be produced at poly- 
merization temperatures lower than the customary 
122°F., but cold usually costs more than heat and there 
are more difficulties in its application. However, 
economical processes are now in use which operate at 
41°F. and further research may lower the temperature 
to 0°F. Even the cold process could not have been 
successful without a chemical development, for a new 
polymerization catalyst system was devised for it. 

Certain synthetic rubbers are superior to natural 
rubber for specific uses but the automobile tire was an 
exception. It now appears that the cold-process modi- 
fied synthetic, combined with new reinforcing furnace 
blanks, will give enhanced abrasion resistance to the 
tread and therefore greater tire mileage than is ob- 
tained from natural rubber.—Reprinted from For 
Instance. 
e Contrasting Rewards 

A century ago, as Sir Charles Darwin has recalled, 
scientists were regarded either as amiable amateurs, or 
as enthusiastic madmen, who must at all costs be kept 
away from all really important matters. The change 
that a century has brought about could not be more 
strikingly exemplified than by the fact that today few 
practical projects are launched before the scientists have 
been consulted. The scientist has taken the place of 
the oracle of the ancients, as an oracle with powers de- 
rived not from superstition but from a continually 
widening knowledge of cause and effect. There were 
enlightened men in the ancient world, to be sure. It 
was Euripides who wrote (substantially) this: “Blessed 
is the man who has laid hold of the knowledge that 
comes from the inquiry into Nature. He stirreth up 
no evil for the citizens, nor gives himself to unjust acts, 
but surveys the ageless order of immortal Nature, of 
what it is composed and how and why.” 
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No longer is it customary to consider all scientists 
to be amiable amateurs, but we still expect some of them 
to be enthusiastic madmen. That is illustrated par- 
ticularly by our behavior toward teachers of higher 
science and technology, who are no longer required 
only ‘“‘to survey the ageless order of nature.” We 
expect them to make available to all comers what they 
and their predecessors have discovered for the ultimate 
uses of industrial commerce. The scientific and tech- 
nical potential of the teacher must be higher than that 
of the taught. Like water, knowledge does not nor- 
mally flow uphill. Regardless of all this, it is still 
considered logical to pay the teacher—unless he is head 
of his department—generally less than industry is 
prepared to pay his student in his first post after 
leaving the technical college or university. 


This is an urgent and inseparable problem in chemi- 
cal engineering, in which the teacher must be a qualified 
chemical engineer. To properly prepare his pupils 
for the examinations of the Institution of Chemica! 
Engineers he must possess a fund of knowledge com- 
prising wide fields of chemistry, physical chemistry, and 
engineering. For those attainments he may be re- 
warded with some £400—£500 a year, while his students 
in their first post may be offered between £400 and 
£700 a year. That would appear about as logical as 
the practice of the ancients of determining the course 
of future events by studying the appearance of the 
entrails of some hapless fowl. 

The position of teachers of evening classes is no 
better. They get “the rate for the job,” according to 
which an hour’s teaching is well paid (it is complacently 
assumed) at 10s or £1 an hour. That may be reason- 
able for a man teaching elementary mathematics or 
languages to schoolboys, assuming that further time is 
not occupied in correcting students’ work. If however, 
he is teaching chemical engineering, or any other of the 
more advanced subjects, he must spend quite a consider- 
able time in preparation. Taking all things into ac- 
count, he may in the long run receive for his work a 
scale of payment roughly equivalent to that of his 
charwoman. Yet still the indispensable work is car- 
ried on: the race of “enthusiastic madmen” is not 
quite extinct.—Reprinted from the Chemical Age. 





° LABORATORY NOTE 


Wm. G. CHACE 
Lowell Textile Institute, Lowell, Massachusetts 


Aowrrren.y, a pair of rollers is the ideal method for supporting a long tube 
during glassworking. However, in many laboratories rollers are not available. 

In this laboratory, a very acceptable substitute has been found in an ordinary 
iron extension ring clamped vertically in a ring stand. The arrangement is adjust- 
able for height and allows free rotation and manipulation while affording support. 
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a Official Business 


249th Meeting, February 12, 1949. Bradford Durfee 
Technical Institute, Fall River, Massachusetts. 


The meeting was opened at 10:20 a.m. with William 
S. Huber, Chairman of the Southern Division, pre- 
siding. He introduced Leslie B. Coombs, the Principal 
of the Institute, who brought a cordial greeting to the 
members of the N.E.A.C.T. Dr. E. L. Hanna, of the 
Davol Rubber Company, Providence, Rhode Island, 
spoke on “What the Rubber Chemist Should Know,” 
in which he outlined the course through which rubber 
is taken from the tree to the finished product and the 
types of chemical knowledge that should be included in 
the training of a rubber chemist. Dr. Fletcher G. 
Watson, of the Graduate School of Education, Har- 
vard University, spoke on ‘Atomic Energy in Chem- 
istry Courses,” urging strongly the presentation of more 
vitalized and accurate information to the public in 
regard to the possibilities and limitations in the use of 
atomic energy. Mr. Bertram Hardy of the Institute 
staff gave a demonstration of Strobotac and Strobolux 
equipment under -the title, ‘“Let’s Stop Motion.” 
After the luncheon and business meeting, a tour of the 
Institute was conducted, during which these two devices 
were shown in use on the spinning machine. 

The membership committee announced the election 
of the following new members: - 


Sister M. Rosalia, R.S.M., Head of Science Department, St. 
Xavier’s Academy, Providence, Rhode Island 

John B. Sbrega, Head of Science Department, Holyoke High 
School, Holyoke, Massachusetts 

Alger S. Bourn, Teacher of Physics and Chemistry, Franklin 
High School, Franklin, New Hampshire 

Q. B. Jorge A. Dominguez, Professor of Organic Chemistry and 
Industrial Microbiology, Technological Institute of Monterrey, 
Monterrey, Mexico 

E. P. Smith, Teacher of Chemistry, Edward Little High School, 
Auburn, Maine, and Instructor in Chemistry, Bates College, 
Lewiston, Maine 

Lawrence A. Wasson, Chemistry Instructor, Massachusetts 
College of Pharmacy, Boston, Massachusetts 

Dr. Arthur J. McBay, Assistant Professor of Chemistry, Massa- 
chusetts College of Pharmacy, Boston, Massachusetts 

William H. Wingate, Instructor in Chemistry and Dyeing, Brad- 
ford Durfee Technical Institute, Fall River, Massachusetts 


250th Meeting, March 26, 1949. Technical High 
School, Springfield, Massachusetts. Joint, Meeting 
with the New England Biology Teachers Association. 


The meeting was opened at 10:00 a.m. with William 
O. Brooks, Chairman of the Western Division, pre- 





siding. The morning speaker was M. Marcus Kiley, 
Principal of Technical High School, whose address 
on ‘‘Problems of Science Teaching from the Viewpoint 
of a Principal” was stimulating, witty, and thought- 
provoking. A trip was taken to the modern Springfield 
Sewage Disposal Plant on Bondi’s Island in the Con- 
necticut River. The visit was valuable to both groups, 
those who teach chemistry and those who teach biology. 
The afternoon session was held in the Museum of 
Natural History. Leonard C. Flowers of the Westing- 
house Manufacturing Company addressed the chem- 
istry teachers on the topic, “(Chemistry in the Electrical 
Equipment Manufacturing Industry.” At the close 
of his address, the meeting adjourned to witness a dem- 
onstration of the Springfield Planetarium by Frank 
Korkosez. 
At the business meeting the election of the following 
to membership was announced: 
Mary G. Walsh, Teacher of Chemistry and Physics, Cambridge 
High and Latin School, Cambridge, Massachusetts 
Hazel M. Hunt, Instructor in Chemistry, Garland School, Bos- 
ton, Massachusetts 
Marion E. Rancatore, Teacher of Science, Cambridge High and 
Latin School, Cambridge, Massachusetts 
Jose Gomez-Ibanez, Assistant Professor of Chemistry, Wesleyan 
University, Middletown, Connecticut 
Dorothy C. Alexander, Teacher of Chemistry, Larson College, 
New Haven, Connecticut 


251st Meeting, May 7, 1949. Regis College, Weston, 
Massachusetts. 


The meeting was arranged by Dr. Otis E. Alley, 
Chairman of the Central Division, who introduced 
Sister M. St. Ignatius, S.J.J., President of Regis College, 
who welcomed the members of the Association most 
cordially. Dr. Alley next introduced Sister M. Emily, 
8.J.J., the Chairman of the Chemistry Department, 
who presided at the technical sessions. The first 
speaker was Dr. Joseph M. Looney, Veterans Admini- 
stration Hospital, West Roxbury, Massachusetts, who 
discussed, ‘“‘Recent Contributions of Chemistry to Medi- 
cine.” He was followed by Ivan U. Wilson, Assistant 
Director of Research, Monsanto Chemical Company, 
Everett Massachusetts, who presented a paper on ‘‘Coat- 
ings for Fabrics” and illustrated his talk with samples of 
modern decorative and industrial fabrics. During the 
afternoon session, Special Agent T. D. Beach of the 
F.B.I. Laboratories, Washington, D. C., presented a 
survey of “Recent Advances in Chemistry as Applied 
to Law Enforcement.” 

Prior to the annual meeting, a brief business meeting 
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was held at which the election of the following to 
membership was announced: 


W. Glen Tilbury, Chemistry Teacher, Champaign Senior High 
School, Champaign, Illinois 

Avis Rector, Chemistry Teacher, Bloomington High School, 
Bloomington, Indiana 


George D. Hearn, Classical High School, Worcester, 
Massachusetts, Chairman, Summer Conference Com- 
mittee, reported that the program for the eleventh con- 
ference had been completed. The following is the 
program that will be presented. 


ELEVENTH SUMMER CONFERENCE 


University of New Hampshire, Durham, New Hampshire, 
August 22-27, 1949 


PROGRAM 


Mownpay EVENING 
Address of welcome, Haroxtp A. Ipptes, University of New 
Hampshire 
“Chemical Technology under Japanese Occupation,” Rev. 
Evcens A. GisE1, 8.J., Fordham University 


Turespay MORNING 
“Chemistry and Manufacture of Antibiotic Substances,” 
Natuan H. Hamitton, E. R. Squibb and Sons, New Bruns- 
wick, New Jersey 
“Modern Chemical Insecticides,” James G. Conxin, Uni- 
versity of New Hampshire 


Turespay AFTERNOON 
“Glass Comes of Age,’’ Haroip G. Voet, Corning Glass Works, 
Corning, New Hampshire 


Tugspay Evenina 
“Parasitic Diseases and the Chemist,’’ Stertinc BRAcKETT, 
American Cyanamid Co., Stamford, Connecticut 


WEpDNESDAY MorNING 
“Importance of the Implications of Colloid Chemistry in 
Courses of Natural Science,’ and ‘“The Educational Value of 
Recent Mi«roscopic and Photomicrographic Developments,” 
Ernst A. Hauser, Massachusetts Institute of Technology 


WepnespaYy EvENING 
“Abrasives,” JoHN A. Uprrer, Norton Company Branch 
Chippawa, Ontario, Canada 
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TuHurspAy MORNING 


“Tonnage Oxygen,” Jonn H. Rusuton, Illinois Institute of 
Technology 

“Transmutation as I Teach It,’”’ Joun A. Trum, Simmons Col- 
lege 

The session will be concluded with a Transmutation Workshop 


TuHurRspay AFTERNOON 
“Turbo-Jets,”’ Sewauu F, Ricuarpson, General Electric Com- 
pany, West Lynn, Massachusetts 


TuHurspay EvENING 
“Problems of the Chemistry Teacher,” Huau C. Mu.poon. 
Editor, The Science Counselor, Duquesne University 


Fripay MorninG 
“Application of Ion Exchange to Analytical Chemistry,” 
Witu1aM Rrieman III, Rutgers University 
“The Metallization of Non-Conductive Surfaces,’”’ Haroxp 
Narcus, Electrochemical Industries, Leominster, Massa- 
chusetts 


FRIDAY AFTERNOON 
“Role of Chemistry in the Development of Atomic Energy,’’ 
Sumner T. Pixs, U. 8. Atomic Energy Commission, Wash- 
ington, D. C. ; 
“Minimum Syllabus for a One-Year Course in Chemistry,” a 
report on the Chemical Education Committee, Joun C. 
Hoag, Phillips Exeter Academy, Chairman 


Fripay EVENING 

“The Alchemist in Art, and History of Science as Shown in the 

Fisher Collection,’’ Representative of the Fisher Scientific 
Company, Pittsburgh, Pennsylvania 


The usual picnic is planned for Wednesday afternoon and the 
recreation facilities of the University of New Hampshire will be 
available to registrants and their guests. At the beginning of 
each of the evening sessions, new scientific motion pictures will 
be exhibited. A group of industrial exhibits, emphasizing new 
teaching tools, will be open at each session. 

The Executive Committee of the N.E.A.C.T. has set the fol- 
lowing registration fees for the Eleventh Summer Conference; 


- for members, prior to August first, $3.00; for members, after 


August first, $4.50; for professional nonmembers (includes 
N.E.A.C.T. membership and subscription to the JouRNAL oF 
CuemicaL Epucation) $6.00; and for nonprofessional guests, 
$1.50. There is no charge for registration of children under 
fifteen years of age. Inquiries should be addressed to. Carl P. 
Swinnerton, Secretary of the Eleventh Summer Conference, 
Pomfret School, Pomfret, Connecticut. 





In our December, 1948, issue, page 686, footnotes 7 and 8 in the article by W. P. Jorissen 
should read: 

7 pg Visser, Rec. trav. chim., 20, 443 (1901); 22, 135 (1903). 

8 JonrisEN, W. P., Publ. Congres de Chimie et pharm., Liege (1905). 
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To the Editor: 

Back in 1943 and 1944 I gave my freshmen students 
at Cooper Union a working rule that the electron shells 
were filled in increasing order of the value (n + lI). 
This rule, along with the well-known (?) wave pattern 
definitions of the quantum numbers, made possible a 
completely mathematical construction of the entire 
Periodic System (even to the radioactive rare earths 
since revealed!). The students seemed to appreciate 
that “number magic.” 

Meanwhile, I searched everywhere for some published 
mention of this absurdly simple rule, and finding none, 
bravely featured it in my 1945 articles. I even added a 
completely specific modification, ‘‘n -+ 1/(l + 1)” (pp. 
313 (frontispiece scale), 319, 320, 422, and diagram 
scale on p. 423). Since then this rule rested quietly and 
unchallenged. 

Now twice in the same December, 1948, issue, this 
rule is mentioned (Simmons, p. 659, and Carroll and 
Lehrman, p. 662) without any reference to its colorful 
Periodic System application of just three years ago. 
While it may seem immodest of me to mention this, I 
really think that we will hear a great deal more of this 
little rule as the years go by, and we might as well date 
this atomic awakening at least back to July, 1945. 


W. J. WISWESSER 


Wittson Propucts, Inc. 
READING, PENNSYLVANIA 


To the Editor: 

In your issue of July, 1945 (p. 319), Mr. William J. 
Wiswesser announced a rule for the order in which the 
electron subshells are filled. That announcement pre- 
ceded that of Yeou Ta in Annales de Physique 1, 93 
(1946), and therefore in my communication published in 
your December, 1948, issue, I should have referred to 
Wiswesser’s rule rather than to Yeou Ta’s. 


L. M. Smmmons 


Tue Scots CoLLEGE 
SypnEy, AUSTRALIA 


To the Editor: 

Regarding the letter on page 113 of thé February 
JOURNAL OF CHEMICAL EpucaTion, I suggest that un- 
less absolutely necessary we refrain from adding new 
terms to the scientific vocabulary. . We have too many 


now that confuse individuals. I see no justification for 
the term ‘“Avogram.” Existing terms answer our 
purpose. 

We have an International Commission on Atomic 
Weights which provides the relative weights of the 
various elements. We also have the relative isotcpic 
weights of the many varieties which now exist, though a 
few are still missing. I do not see why it is necessary to 
have an “‘Avogram”’ in which the relative weights would 
probably not differ appreciably from those of either the 
atomic weights or the relative weights of isotopes, un- 
less a new series of numerical values is adopted. 


ALEXANDER SILVERMAN 


Tue UNIVERSITY oF PITTSBURGH 
PITTSBURGH, PENNSYLVANIA 


To the Editor; 

May I request that you publish, in your esteemed 
journal, the following modification of the so-called 
“Todoform Reaction” for the detection of ethyl alcohol 
in very dilute solutions? I have used this method with 
great success for the last fifteen years in the B.Sc. 
Laboratory of the T. N. J. College, Bhagalpur. 

For carrying out this reaction, about 2 to 3 ml. of 
diluted alcohol are taken in a test tube and an equal 
volume of decinormal (or stronger) iodine solution is 
added to it. Then one or two pellets (small pea size) 
of solid caustic soda, according to the extent of dilution 
of alcohol, are dropped into tha mixture. The color 
of iodine quickly disappears as the test tube is very 
gently shaken to dissolve the pellets, and gradually the 
crystals of iodoform appear. With more diluted solu- 
tions of alcohol, the crystals appear after a minute or 
two. With still more diluted alcohol, one or two extra 
pellets of caustic soda should be added and the shaking 
continued a little longer, until the pellets have dis- 
solved. With a little care, this method may also be 
used with alcohol which has been diluted to more than 
50 times. With acetone, the method is successful up 
to 500 times dilution or more, as has been found by 
one of my colleagues here. 

The success of the procedure is due to low solubility 
of iodoform in concentrated caustic soda solutions and 
the slow heating effect produced by the gradual solu- 
tion of solid caustic soda. This prevents any hydroly- 
sis of iodoform, even in the presence of a concentrated 


393 








394 


caustic soda solution, which no doubt helps to reduce 
the solubility of iodoform. 

The above method may further be used for the quan- 
titative estimations of both alcohol and aeetone, in 
very dilute solutions, by utilizing centrifuge tubes 
(calibrated) of suitable dimensions. 


I. Biswas 


T. N. J. CoLLEGE 
BHAGALPUR, BEeHaR (INDIA) 


To The Editor; 

I was very interested to see the recent article which 
appeared on page 342 of your journal dealing with 
methods of detecting carbon monoxide. I think you 
will perhaps be interested...in a somewhat analogous 
method which has been developed in this country and 
which we are now marketing here. 

Whereas the silica gel molybdate tubes have to be 
matched against the color chart, the ‘“CO-test” tubes 
which we are selling produce a brown stain the length 
of which can be measured by a pocket ruler. In order 
to be able to draw a sample through tubes for a fixed 
time at a constant rate, a double aspirator is used which 
can be reversed when all the water has flowed from one 
chamber into the other. This makes a very simple 
and compact arrangement which is becoming increas- 
ingly popular in chemical factories, gas works, and 
wherever danger of CO poisoning has to be guarded 
against. 


L. T. MiIncHIn 


ComBusTION INSTRUMENTS 
106 Kensineton Hic Street, Lonpon, W. 8 


To the Editor: 

The March issue of the JouRNAL OF CHEMICAL Epv- 
CATION features an article by Gaines and Woodriff 
(page 166), describing the separation of Cu from Cd 
without the use of KCN. I am in full agreement with 
the authors that the use of KCN should be avoided in 
freshman laboratories. Having had myself some dis- 
agreeable experiences with H.S, I personally am just 
as much afraid of HS as I am of KCN. The use of 
HS cannot be avoided in qualitative analysis, all 
schemes for analysis with other reagents do not work 
as smoothly, but it seems to me that in the procedure 
under discussion the application of H,S isnot necessary. 
I would suggest that the separation of Cu from Cd be 
done in the way outlined by Gaines and Woodriff, but 
the testing for Cd should not be done by bubbling HS 
through the final filtrate, but by adding to it a few 
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drops of a 5% solution of Na2S-9H.0. This solution 
may be kept on hand in a glass-stoppered bottle. It 
must be renewed from time to time. 


W. JACOBSON 
Cuicaco, ILLINOIS 


To the Editor: 

I was glad to have the opportunity to look over the 
article submitted by Mr. Seifert on “A Rapid Method 
for Adjusting Grades to a Standard Scale.” It is a 
good statistical analysis of some of the principles under- 
lying grade adjusting and it goes beyond my article 
(Tus JOURNAL, 25, 690 (1948)) in that it offers a dif- 
ferent scheme which, under ideal conditions, would be 
superior to mine. Whether it is superior under 
ordinary conditions remains for the teacher to decide 
after he has examined the two methods. 

Perhaps you recall that I too suggested that a slide 
rule might be used, but said that it was only useful in 
adjusting those grades that fell below the average of 
the class. This is equivalent to using Seifert’s equa- 


tion (1) in which the raw score is multiplied by a con-- 


stant factor M,,/M. Seifert’s scheme actually employs 
equation (2) for all scores, above and below the average. 

There are a number of drawbacks to Seifert’s scheme: 

(1) Whenever the highest grade on an examination 
or other exercise is not 100 or very near to it, it be- 
comes necessary to multiply each grade by a factor 
which will make the highest grade 100. This operation 
takes as much time as the subsequent adjustment itself. 

(2) When equation (2) is used (and the special slide 
rule) the assumption is made that the average raw score 
lies halfway between the lowest and the highest score. 
Seifert says that in most cases the distribution of grades 
is a sufficiently close approximation to the normal curve 
to warrant making this assumption. This may be so in 
general but it has not held with a sufficient degree of 
approximation at New York University where the 
actual grade distribution curve has sometimes been 
rather much askew. 

(3) If the “standard” average is assumed as 75%, a 
student with a raw score of 0is boosted to 50. All very 
low scores receive unusually high increments. This 
gives a student who is used to the 0-100% ratings 
unwarranted confidence and does not encourage him to 
multiply his efforts; it may even mislead him into think- 
ing that somehow or other the system is giving him 
something for nothing. 


WieiiaM F. Exrert 


New York UNIVERSITY 
WasuineTon Square, New York 
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® INORGANIC CHEMISTRY 


Fritz Ephraim, author. Edited by P. C. L. Thorne, Lecturer in 
Chemistry at the Sir John Cass Technical Institute, London, and 
at Woolwich Polytechnic; and E. R. Roberts, Assistant Lecturer 
in Chemistry at the Imperial College of Science and Technology 
and at Sir John Cass Technical Institute. Interscience Publishers, 
Inc., New York, 1948. xii + 939 pp. 97 figs. 17 XK 24 cm. 
$8. 75. 


TuE fourth edition of Ephraim’s “Inorganic Chemistry” was 
reviewed by the writer in Tuts JoURNAL, 22, 205 (1945). It was 
pointed out in that review that the book is one of the classics of 
inorganic chemistry and should be in the library of every in- 
organic chemist. The same praise may be given to the fifth 
edition, but it should also be noted that anyone who owns the 
fourth edition will not need to buy a copy of the fifth, for the two 
are remarkably alike. In fact, most of the pages of the new edi- 
tion have evidently been printed from the old plates. Occasional 
paragraphs have been rewritten but none of the changes seems 
to be significant or important. The many recent advances 
which have been made in the chemistry of fluorine, phosphorus, 
silicon, the rare earths, the transuranium elements and in nuclear 
chemistry are barely mentioned or are omitted entirely. A few 
errors, to which attention was called in the review of the fourth 
edition, still appear in the fifth. 

Although the editors have not utilized their opportunity to keep 
Ephraim’s text abreast of developments in inorganic chemistry 
the book is unique and valuable and should be in every chemistry 
library. It is to be hoped that future revisions will more nearly 
reflect the rapid growth of inorganic chemistry. 


JOHN C. BAILAR, JR. 
University or ILLINOIS 
Ursana, ILLINOIS 


Sg THE CHEMISTRY AND PHYSIOLOGY OF GROWTH 


Arthur K. Parpart, Editor. Princeton University Press, Prince- 
ton, New Jersey, 1949. vi + 293 pp. 15 figs. 37 tables. 
16 X 24cm. $4.50. 


Tuis is a series of lectures delivered at a conference on “The 
Chemistry and Physiology of Growth” held in connection with 
the celebration of the Bicentennial of Princeton University in 
September 1946. The contributors are an outstanding group of 
pioneers in modern biology and the lectures have obviously been 
prepared with care for publication. They indicate the diversity 
of the present-day attack on this fundamental biological problem. 
The chapter titles and contributors are as follows: “I. Enzymes 
and the synthesis of proteins,’ by John H. Northrop; “II. 
Molecular morphology and growth,” by Francis O. Schmitt; 
“TIT. Plant growth hormones,” by Kenneth V. Thimann; “IV. 
Unidentified vitamins and growth factors,” by Karl Folkers; 
“V. The kinetics of growth of microorganisms,” by C. B. van 
Niel; “VI. Cellular metabolism and growth,” by E. S. Guzman 
Barron; ‘VII. Differential growth,” by Paul Weiss; ‘VIII. 
Problems of organization,” by J. S. Nicholas; “IX. Neoplastic 
abnormal growth,” by C. P. Rhoads; “X. The adrenal gland, a 
regulatory factor,” by C. N. H. Long. 

The fundamental physics and chemistry are thus included 
along with the discussion of vitamins and hormones, abnormal 
growth, and the problems of organization and cia that 
are inextricably associated with growth. , With th . thoughtful 
review of the contents by Dr. Sinnott’ so readi ry accessible 
(Science, 109, p. 391) it seems unnecessary to discuss each chapter 
in detail here. The nature of the treatment is aptly stated by 


one of the authors (p. 135). “Since the accent of this book lies 
more on prospects than on retrospects, I intend to concentrate 
on the gaps in our concepts and knowledge of differentiation and 
point to possible ways of filling them rather than dwell on past 
achievements, which, though impressive in themselves, are 
dwarfed by the task that remains to be accomplished.” 

In the words of the editor (p. v.) “The individual chapters of 
this book represent a number of sturdy columns that are being 
erected upon these foundations. Examined individually they 
make the reader want to take part in their construction. Viewed 
as a whole they present a hope for a future understanding of the 
phenomenon of growth.” 

A stimulus and delight to the professional investigator in the 
field, the book should be invaluable in the hands of the neophyte 
looking forward to a career of exploration in the frontiers of 
science. The general reader will find in it a readable, under- 
standable, and authoritative statement of the status of this 
aspect of science today and a suggestion of future developments. 


J. WALTER WILSON 


Brown UNIVERSITY 
ProvipENcE, RHopE IsLanp 


) INTRODUCTORY QUANTITATIVE ANALYSIS 


Axel R. Olson, Professor of Chemistry; Edwin F. Orlemann, 
Assistant Professor of Chemistry; and Charles W. Koch, In- 
structor of Chemistry, University of California. W.H. Freeman 
and Co., San Francisco, 1948. viii + 299 pp. 46 figs. 22 x 
14.5¢cm. $3.25. 


Tuts book is designed for use in a one-semester introductory 
course. Fundamental principles are stressed and careful direc- 
tions, supported by numerous illustrations, introduce the student 
to basic laboratory techniques. 

Gravimetric methods of analysis are presented first. These are 
illustrated by the determination of water in a hydrate, as well as 
by the determinations of chloride, sulfate, and iron. There is no 
discussion of the use of organic precipitants for inorganic anal;- 
ses, Volumetric (titrimetric) methods are illustrated by the pre- 
cipitimetric determination of chloride (Fajans and Volhard 
methods); the acidimetric determination of carbonate and hydro- 
gen carbonate; and the Redox determinations of iron (using 
dichromate), calcium (using permanganate), and copper (using 
thiosulfate). No exercises on colorimetry are included although 
brief mention of colorimetric, spectrophotometric, spectro- 
graphic, fluoroescence, nephelometric, ahd electrometric methods 
is made in a summarizing chapter, ‘‘Relation of this introduction 
to the field of quantitative analysis.”” This chapter also includes 
brief mention of methods of separation but no exercises are given 
to illustrate schematic separations and analyses. 

In developing the subject the authors have done an excellent 
job of correlating theoretical principles with the laboratory work. 
Of interest is the comparatively great emphasis on chemical 
equilibria and their role in quantitative analyses. Most of the 
chapters include suitable numbers of pertinent problems with 
typical examples worked out for reference. Of the 146 problems 
included, 46 are devoted to equilibrium calculations and the re- 
mainder are approximately equally divided between stoichio- 
metric calculations and miscellaneous calculations such as those 
concerned with calibrations and errors. The outstanding feature 
of the book is the excellent illustrations drawn by Leonard W. 
Tregillus. The binding and printing are satisfactory. 

Fewer than the average number of errors were found. A few 
contradictory statements appear and one erroneous statement 
was noted. The main weakness of the book is the limited scope; 
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the material covered apparently represents the selection used in 
the authors’ course and since only eleven determinations are con- 
sidered professors adopting the book would be largely restricted 
to teaching the same course as that taught at the University of 
California. 

The book is recommended for consideration for any course 
where its scope conforms with the intended coverage of the sub- 
ject and where it is desired to present a brief but rigorous survey 
of gravimetric and titrimetric analysis. 

PHILIP W. WEST 


Lovurstana State UNIVERSITY 
Baton Rovce, Louisiana 


@ SURFACE-ACTIVE AGENTS (THEIR CHEMISTRY 
AND TECHNOLOGY 


Anthony M. Schwartz, Harris Research Laboratory, Wash- 
ington, D. C., and James W. Perry; Massachusetts Institute of 
Technology, Cambridge, Massachusetts. Interscience Publishers, 
Inc., New York, 1949. xi+579pp. Stables. 5lfigs. 15.5 x 
23.5cem. $10. 


Tuts book deals competently with the difficult and important 
field of surface-active agents and surface chemistry. The mul- 
titudinous types of surface-active agents have been classified and 
subclassified in a logical manner according to chemical structure. 
The relation of structure to surface-active properties is discussed, 
with illustrations in terms of commercial products. 

The book consists of an introduction and three parts. The 
introduction contains a brief discussion of the special properties 
which cause certain agents to be designated ‘‘surface-active.”’ 
On pages 15 to 20 the classification system is presented in some 
detail. An interesting feature is the designation of the class of 
ampholytic agents, in addition to the more familiar anion-active, 
cation-active, and nonionic agents. 

Part I contains 211 pages covering the organic chemistry of 
surface-active agents with illustrative formulas and methods of 
preparation. Well-known types, such as alkyl aryl sulfonates, 
sulfates of coconut-oil fatty alcohols, and alkyl sulfosuccinates 
are covered in detail. In addition, the structure and preparation 
of scores of the less familiar agents are described. 

Several features make this section of particular interest. One 
is the abundance of references. Hundreds of patent references 
are cited. A second is the discussion of the history of develop- 
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ment of the various agents, with constant reference to manu- 
facturing companies and trade names. A third is the integrated 
treatment whereby it becomes possible to compare information on 
classes of agents selected according to their polar group, nonpolar 
group, or the linkage group. 

The nonionic agents merit a more extensive treatment than 
they are given here, in view of their manifold uses and growing 
popularity. However, their discussion is considered inadequate 
only by comparison with the very detailed treatment of the 
anion-active and cation-active agents. Important new develop- 
ments in the field of nonionics during the last three and four 
years seem not to have been covered at all. Specific synergistic 
effects between nonionics and anion-active agents are not men- 
tioned, a matter of great practical value. 

Part II contains 150 pages on the physical chemistry of the 
surface-active agents. A portion of this is an introduction to 
surface chemistry, covering in condensed form material available 
in the standard works on this subject by Rideal and by Adam. 
Most of this section has specific relation to the behavior of sur- 
face-active agents. Surface and intérfacial tension, sorption, and 
micelle formation are discussed in some detail although with a 
minimum of mathematical treatment. This is followed by a 
series of sections on wetting, rewetting, dispersion, foaming, 
emulsification, detergency, and miscellaneous effects. Numerous 
references to the literature, especially to technical methods of 
evaluation, are cited. 

Part III contains 121 pages devoted to practical applications. 
Applications in the textile industry, cosmetics, household clean- 
ing, metal technology, petroleum, lubricants, and a number of 
other fields are treated. 

In a reference work of this type thorough indexing is unusually 
important. The index contains 60 pages and seems quite com- 
plete. 

When dealing with a field of such tremendous research activity, 
it is difficult to bring out a book which keeps pace with events. 
One gets the impression that coverage is rather thorough through 
about 1945, but very scant since then. If kept up-to-date by re- 
vision from time to time, this book should become and remain the 
definitive work in the field which it covers. On the whole it is an 
excellent job. 


CORNELIA T. SNELL 


Foster D, SNnE.L, Inc. 
New York City 





Reprinted from ‘‘What Am I Doing Here?’’ by permission of Simon and 
Schuster, Publishers. Copyright, 1947, by Abner Dean 
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Ty our business, we find ourselves continually coming 
around to a reconsideration of ‘the scientific method.” 
Not surprisingly, for after all, who should be thinking 
about this if not the teachers of science? Nevertheless, 
it is evident that much of this thinking is confused, even 
Concerning this, I would recommend an 


pointless. 
article that appeared a few months ago by Haym 


Kruglak entitled, ‘The delusion of the scientific 
method.”’! 

His thesis is that there is not a scientific method, but 
many. “The nature of the problem determines the 
particular method to be used.... Scientific methods 
depend also on political and economic pressures, relig- 
ious beliefs, available tools and instruments.... Since 
the scientific methods are a function of a given culture, 
then it is important to recognize their dynamic aspect.” 

Certainly the scientific method is not a philosophy 
of life. P. W. Bridgman’s colloquial description seems 
very adequate: ‘‘The scientific method, as far as it is 
a method, is nothing more than doing one’s damndest 
with one’s mind, no holds barred.’? It involves 
complete confidence in the implications and conse- 
quences of truth, in so far as the latter may be judged 
by objective criteria. 

The author sees present-day teaching of elementary 
science in the United States caught in the “lockstep 
determinism of the 19th century,” in which there 
appear to be three presuppositions: (1) that the scien- 
tific method is a closed set of rules; (2) that exposure 


1 American Journal of Physics, 17, 26 (January, 1949). 
2 Yale Review, 34, 450 (1945). 








to and experience with scientific material result in a 
transfer of training to a successful solution of problems 
in other fields; and (3) that a knowledge of facts is 
good in and of itself. The dynamic nature of science 
discredits the first assumption, while educational 
psychology vehemently denies the latter two. Never- 
theless, most college physical science courses are taught 
exactly as they were fifty years ago. 

“Tt is perhaps not difficult to understand how the 
teaching techniques in a given period are a reflection of 
the practices of previous generations: imitation is 
often an escape from ignorance. But what cannot 
be condoned is the failure of a science instructor to 
understand the dynamic character of the field. The 
educational result is not only that the student does not 
see the forest on account of the trees, but that the trees 
themselves appear to be petrified.” 

It is the author’s contention that “the current 
views of the scientific method are probably crude over- 
simplifications of the actual complexities of a scientific 
inquiry, {and] that. the presentation of the scientific 
method as a series of steps in a never-changing se- 
quence is most unrealistic and leads to pedagogical 
sterility.” 

“What about induction, deduction, controlled ex- 
periment, mathematical formulation? These are the 
tricks of the trade that increase the probability of 
solving the problem. They are important elements in 
all investigations of physical reality, but their relation- 
ship to scientific inquiry is quite complex, and often 
defies analysis.”’ 





co WILHELM PRANDTL 


Tue readers of Ta1s JouRNAL are well acquainted 
with the interesting and scholarly papers on a wide 
variety of historical topics that have come from the pen 
of Wilhelm Prandtl. He is a worthy scion of a family 
that has lived in Munich since the beginning of the 
eighteenth century. His father, Antonin Prandtl 
(1842-1909), was the originator of the centrifugal cream 
separator, but he has never been given credit for this 
invention. His device had the defect of not being con- 
tinuous, and though it attracted inquiries, even from 
America, it was never developed commerically.! Dis- 
appointed, the young inventor then turned his entire 
attention to his profession, 2. e., brewing, and here he 
made a real success. In 1875 he was made director of a 
large brewery in Hamburg and did so well that in 1884 
he and his brother Carl (1838-1927), who also had ac- 
quired an outstanding reputation in the science and art 
of brewing, bought a small brewery in Munich. They 
operated this very successfully until the introduction 
of electricity and refrigeration machinery gave the 
large breweries an overwhelming advantage which the 
Prandtl brothers could not overcome because their 
financial resources were too small. 

Wilhelm (Antonin Alexander) Prandtl, born at Ham- 
burg on March 22, 1878, has lived in Munich practically 
all of his life. After graduation from the humanistic 
Gymnasium he studied chemistry under Adolf v. 
Baeyer at the University of Munich. The doctorate 
(1901) was taken under the directicn of K. A. Hofmann; 
the dissertation dealt with rare earths. After two years 
in industry, Dr. Prandtl returned to his alma mater and 
from 1903 to 1910 was assistant to Th. Paul in the 
laboratory of applied chemistry. In 1906 Prandtl 
qualified as Privatdozent, specializing in complex com- 
pounds, particularly those of vanadium. When Hof- 
mann was called to Berlin in 1910, Prandtl became his 
successor. He occupied this chair of inorganic chemis- 
try until 1937, when the Nazis forced his retirement be- 
cause he refused to bow the knee. In 1946 he was rein- 
stated, and now as professor emeritus he devotes his 
energies almost entirely to writing arfd teaching in the 
field of the history of chemistry. 

Although Dr. Prandtl has worked on polyacids and 
also has to his credit the first preparation of trichloro- 
nitrosomethane, phosgene oxime, and other derivatives 


1PranptiL, A., Dinglers Polytech. J., 174, 149 (1864). 
See also W. Pranptt, “Antonin Prandtl und die Erfindung der 
Milchentrahmung durch Zentrifugieren,’’ Munich, 1938. The 
first continuous separator was constructed in 1875 by Alexander 
Prandtl (1840-1896), older brother of Antonin. Alexander’s son, 
Ludwig, acquired an international reputation in technical physics, 
aerodynamics, etc. 





RALPH E. OESPER 
University of Cincinnati, Cincinnati, Ohio 


of carbonic acid, the preponderant bulk of his long re- 
search career was devoted to the rare earths. From 1911 
to 1937 he applied his experimental talents to the diffi- 
cult and laborious tasks of separating these materials, a 
complex chemical problem that has engaged the minds 
of a fairly small number of specialists. In 1938 he 
summed up his results in a paper? which begins: 


In more than 25 years of work, I have succeeded in separating 
from the crude mixtures of the rare earths, which occur in the 
minerals, all of their members individually and have obtained 
them in a more or less pure state. During the course of these 
studies, I have become acquainted with the most important 
procedures which were recommended for the separation of the 
rare earths, and I have likewise tried new methods. However, 
I have also wandered into by-paths and taken wrong turnings, 
and so consumed much time and labor, which I could save if 
I now had another chance to carry out the separation of the rare 
earths. Though I do not plan to do this, and furthermore, it is 
no longer possible, nevertheless, I wish to give the benefit of 
my experiences to those who, after me, choose to take on this 
line of work which demands so much self-sacrifice. . . . 

It has long been customary to use fractional crystallization 
and fractional basic precipitation to separate mixtures of these 
earths. In the production of every individual earth, both 
methods lead—disregarding a few exceptions—to the objective 
only after many hundreds or thousands of repetitions. A series 
of crystallizations can be carried out with the expenditure of 
much less time, work and reagents than an equal number of 
basic precipitations. Consequently, the latter is applied only 
when the individual basic precipitation accomplishes a much 
greater separating effect than the individual crystallization. 
This applies, for example, in the precipitation of the very weakly 
basic ceric hydroxide or scandium hydroxide, or in the separation 
of the strongly basic lanthanum from the less basic cerite 
earths. ... 

Recently electrolytic reduction has been added to the old 
familiar methods of basic precipitation and fractional crystalliza- 
tion. It-is applicable for the separation of the earth elements 
(samarium, europium, and ytterbium) which can be reduced to 
the divalent state, and in this condition are more readily sepa- 
rated from their trivalent attendants. ... 

By oxidation, 7. e., conversion into a higher valence state, it 
has been possible up to now, to precipitate only cerium, but not 
the two other elements, praseodymium and terbium, which can 
go over into higher oxides by taking up oxygen. 


These procedures‘ were modified and given new 
applications by Prandtl. For example, he made frac- 
tional precipitation by means of ammonia water a much 
more delicate tool by including in the reaction mixture 
ammonium nitrate and a metal salt, such as cadmium 
nitrate, which binds ammonia. The concentration and 
hence the overall reaction rate of the ammonia are thus 
regulated. In this way praseodymium, neodymium, 
samarium, etc., are precipitated, leaving lanthanum in 
solution. He produced a quantitative precipitation of 





2 PRANDTL, W.. Z. anorg. u. allgem. Chem., 238, 321 (1988). 


398 











sec 
bel 





Zz re- 
1911 
diffi- 
us, a 
Linds 
8 he 


‘ating 
n the 
ained 
these 
rtant 
f the 
rever, 
1ings, 
ive if 
2 rare 
7 it is 
fit of 
1 this 


ation 
these 

both 
sctive 
series 
ire of 
er of 

only 
much 
ation. 
eakly 
‘ation 
cerite 


e old 
slliza- 
nents 
ed to 
sepa- 


tte, it 
it not 
h can 


new 
frac- 
nuch 
ture 
nium 
and 
thus 
ium, 
m in 
on. of 


38). 








AUGUST, 1949 


cerium by a somewhat similar device when he introduced 
the use of cobaltic trinitrato-triammine [Co(NOs);- 
(NHs3)3]. This holds its ammonia tenaciously, but when 
added to a cerous solution the redox reaction produces a 
ceric salt and also a cobaltous ammine which releases its 
ammonia at the desirable low rate. Europium and 
ytterbium can be obtained best by electrolytic reduction 
followed by precipitation as the difficultly soluble earth 
(II) sulfate. The list of reagents with whose separative 
action he became familiar included bromate, ferri- 
cyanide, oxalate, fluoride, nitrate, etc. The original 
papers must be consulted for details. 

The net result of this quarter century of tedious, 
careful, patient, devoted labor was the preparation of 
all the rare earths in a high state of purity. The single 
exception was holmium oxide, and apparently no one 
has succeeded in this most difficult task. The excellence 
of Prandtl’s preparations is evidenced by the fact that 
they served as reliable starting materials for the atomic 
weight determinations by his Munich colleague, Otto 
Hénigschmid.* They likewise were used for mapping 

3 THis JOURNAL, 17, 562 (1940). 





o JULIUS RUSKA!' 


On Fesrvary 16, 1949, a few days after his eighty- 
second birthday, Professor Julius Ruska died in Schram- 
berg (Schwarzwald). Science has lost in him one of its 
outstanding workers in the field of the history of 
chemistry. To his tireless energy is due the fact that 
the web of legends which concealed the history of 
Arabic alchemy has been torn aside. In his two-volume 
work, ‘‘Arabische Alchemisten,’”’ he established first a 
basis for critical evaluation, then turned to the Jabir 
problem and showed from previously unknown manu- 
scripts that the low opinion of Jabir which had pre- 
vailed until then was not justified. Here was stated a 
philosophy of nature which treated of causality and 
quantitative order as the basis for a world outlook. 
With his works on the “Tabula Smaragdina’”’ (1926) 
and the ‘‘Turba Philosophorum’”’ (1931), for both of 
which he established the Arabic origin, Ruska cast 
light on two important fundamental works of alchemy. 
However, his chief fame rests on the book of al Razi. 
He showed that the book ascribed to this author, ‘‘De 
Aluminibus et Salibus,’’ was the Latin translation of an 
Arabic text of the eleventh century (1935). Then 
(1935 and 1936) he occupied himself with editing and 
translating al Razi’s “Kitab Sir al Asrar,” and in 1937 


1 Translated by Henry M. Leicester, College of Physicians 
and Surgeons, San Francisco, California. 
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the arc spectra of the rare earth elements at the Vatican 
Observatory,‘ a study which gives an impressive survey 
of Prandtl’s life work. 


Prandtl’s publications in the field of history are 
characterized not only by erudition and comprehensive 
knowledge of the field, but also by exactitude and 
attention to detail. His latest volume, “Davy and 
Berzelius,” whom he considers the most eminent chem- 
ists of their time, appeared in 1948, and his discussion 
of “Liebig and His German Contemporaries” is in press. 


Professor Prandtl is an ardent but critical collector. 
He has valuable collections of stamps, coins, medals, 
and plaques. His library of early scientific books is ex- 
ceptionally fine and he is an authority in this field. 
Fortunately, his collections were not lost during the 
bombing of his.apartment, which is not far from the 
Deutsches Museum. When his home is repaired, he 
plans to hold there a seminar on the history of science. 





4 GaTTERER, A., AND J. JUNKES, “The Atlas of Spectra of the 
Rare Earths,’”’ Vatican City, 1945. See also W. PRANDTL AND 
K. ScHEINER, Z. anorg. u. allgem. Chem., 220, 107 (1934). 


W. GANZENMULLER 


Tubingen, Germany 


he published this chief work of al Razi in German. In 
his ‘‘Pseudepigraphen Rasis-Schriften” he traced the 
developments which led to the transformation of the 
original translations into independent essays, as well 
as to obvious forgeries, and also showed that a direct 
connection existed with the “Summa, Perfectionis’’ of 
the Latin Geber. Finally, the scholar turned to the 
problem of Greek alchemy and showed that the word 
“chemistry” is not derived from the Egyptian ‘‘chem”’ 
(black), but from the Greek, and alchemy is the art of 
casting, as contrasted to other dyeing arts. He also 
busied himself with the subject of concealing names, 
alchemical signs, and the metallurgical arts which ac- 
companied true alchemy. Unfortunately, an eye afflic- 
tion which led to total blindness prevented the con- 
tinuation of the studies from which science might have 
expected much for his mind was still fresh. 

An outstanding accomplishment of Ruska was the 
creation of the Institute for the History of Science in 
Berlin. For this he brought together a great library, 
numerous original manuscripts, photocopies, and tran- 
scripts. With Dr. Diepgen he issued 'the ‘‘Quellen und 
Studien zur Geschichte der Medizin und Naturwissen- 
schaften.”” The last yearsof his life were darkened by the 
fact that all of this,.as well as his own home, fell victim 
to the war. 





In THE area of the social sciences there is frequent use 
of the expression “cultural lag’’ in referring to differ- 
ences in cultures between nations, between regions 
within a country, or between different social strata. 
It is one function of the social sciences to devise social 
and governmental machinery to reduce this time lag. 
But scientists also recognize that there is a lag in the 
general adoption of the advances continuously being 
made in physical sciences. Undoubtedly the time lag 
is shortest in our centers of pure research where any 
advance in knowledge is almost immediately carried 
into general practice. This is possible because of the 
great effectiveness of our scientific journals and pro- 
fessional societies in diffusing scientific knowledge. 
Ironically, the greatest time lag in adopting scientific 
advances is in the teaching profession. It is easy to see 
why there must be a time lag in this area, but it is very 
questionable if it should be as great as it often is. The 
delay in bringing scientific advances into the classroom 
necessitates doing a continual job of “unteaching,” 
where of course, all the time and energy of science 
teachers should be spent teaching subject matter. 

A glaring example of great differences in the pres- 
entation of a large segment of the course in general 
chemistry is the treatment of the modern concepts of 
the properties of solutions. One recent text in college 
general chemistry, for example, presents the properties 
of solutions of electrolytes in essentially the same man- 
ner as texts published forty years ago. There is the 
usual emphasis on the historical material leading to the 
work of Arrhenius, and also much emphasis on the 
so-called “abnormalities” in the colligative properties of 
solutions of electrolytes. Then follows a listing of the 
assumptions of the first ionization theory and the re- 
maining arguments of Arrhenius. In the entire dis- 
cussion about electrolytes, for example, nothing is said 
about our modern understanding of covalent and elec- 
trovalent substances, even though they have been pre- 
sented in earlier chapters in the same volume. 

These observations led to an exarnination of ten 
extensively used texts in general chemistry in regard 
to the treatment of solutions of covalent and electro- 
valent substances (/). These texts can be divided 
into three general groups as follows: 

1. Texts which largely follow the traditional Ar- 
rhenius approach and which in varying degrees call 
attention to the inadequacies of the theory and finally 





1 Presented before the Division of Chemical Education at the 
115th meeting of the American Chemical Society in San Fran- 
cisco, March 29, 1949. 
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PLACE THE ARRHENIUS THEORY IN PROPER 
PERSPECTIVE! 


CONRAD E. RONNEBERG 
Denison University, Granville, Ohio 


end with a more or less complete discussion of the 
Debye-Hiickel theory of interionic attraction. An 
unfortunate result of this approach is that often most 
of the time devoted to the study of electrolytes is in 
terms of discarded concepts and not enough time is 
devoted to the modern interionic attraction theory. 
Furthermore, the student is puzzled as to why so much 
time is spent on a theory, only to be told later that it is 
unimportant. He then often adopts the erroneous 
conclusion that the Arrhenius theory has been entirely 
discarded. 

2. Texts which refer to the Arrhenius theory in its 
chronological order of appearance but quickly point 
out that ‘it no longer explains all the facts” pertaining 
to solutions, and then proceed to present an essentially 
modern treatment of solutions. This approach, while 
quite common, often leaves the student disoriented 
regarding our concepts of the properties of solutions 
since he frequently does not realize that the Arrhenius 
theory is still the accepted theory of solutions of weak 
electrolytes. 

3. A third type of text, with reference to the treat- 
ment of solutions, is the type that uses the modern con- 
cepts of solutions entirely. The author of one text in 
this group, for example, goes so far as to avoid all refer- 
ences to the theories of Arrhenius and Debye-Hiickel 
and to speak of ionization as fact. In this group of 
texts there is a full discussion of the colligative prop- 
erties of solutions of covalent and electrovalent sub- 
stances—their similarities and their dissimilarities— 
in terms of modern concepts of solutions. 

In a reconsideration of the entire subject of the treat- 
ment of solutions with beginning students, attention is 
called to the fact that it is nearly universal practice to 
present very early in the course in general ‘chemistry 
the electronic structures and the crystal lattices of 
covalent and electrovalent substances. This follows 
a rather comprehensive study of the atom, its structure 
and behavior. Reference has already been made to 
certain texts which present the arguments of Arrhenius 
in great detail. And yet it is to be noted that these 
same texts specify that the crystals of electrovalent 
substances consist of lattices of ions in contrast to 
lattices of molecules or atoms in covalent substances. 
With such a “build-up,” there seems to be little reason 
to return to the arguments of Arrhenius in the area of 
strong electrolytes which date back to 1887. To 
repeat the classical arguments is a time consuming and 
needless operation which inevitably results in placing 
the Arrhenius theory out of proper perspective, with 
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the unfortunate result that many students never realize 
that the Arrhenius concepts are entirely valid and are 
used in discussing the colligative properties of solutions 
of weak electrolytes. 

Students find no difficulty in relating the properties 
of water as a solvent to its covalent and polar structure. 
The process of solution of methyl alcohol, a polar co- 
valent substance, or of salt, in water is easily within 
their comprehension. Both solutions are the result 
of the polar character of the water molecules. The end 
results are a dispersion in solution of hydrated methyl 
alcohol molecules in the one case and of a dispersion of 
hydrated ions in the case of the salt (See Figure 1). 

All experimental data indicate that the colligative 
properties are essentially identical in all solutions of 
these substances of the same concentrations of molecules 
or tons if sufficiently dilute and if all the ions are 
“free.”’?’ A modern treatment of solutions demands 
that this observation be stressed. If the teacher still 
thinks it is necessary to present experimental proof that 
solutions of electrovalent substances consist only of 
ions in dilute water solutions, there is much additional 
evidence to be cited and even shown with simple lecture 
demonstrations. 

(1) The additivity of ionic properties such as color, 
viscosity, heat capacity, and refractive index. It is 
well known that the properties of a solution of a strong 
electrolyte, or of a mixture of strong electrolytes, are 
the sum of the properties of the individual ions. For 
example, the color of a dilute solution of copper di- 
chromate is due to a solution containing the blue of 
the hydrated cupric ion, Cu(H2O),+* and the orange 
color of the dichromate ion, Cr2O;~ (See Figure 2). 

(2) The absence of a heat effect when solutions of 
strong electrolytes are mixed is evidence of complete 
ionization (2). 

(3) The constancy of the heat of neutralization of 
strong acids and strong bases (3). 

(4) The inability of proving the existence of undis- 
sociated molecules in solutions of strong electrolytes is 
further proof of complete ionization. Thus solutions of 





Solution of an Electrovalent Substance jn a 
Polar Solvent 
(Reproduced from “‘General College Chemistry,’’ by L. B. 
Richardson and A. J. Scarlett, Henry Holt & Co., New York, 
1947.) 


Figure 1. 
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Principle of Additivity 

(Reproduced from ‘‘General Inorganic Chemistry,” by 
M. C. Sneed and J. L. Maynard, D. Van Nostrand Co., 
New York, 1942.) 


Figure 2. 


dilute hydrochloric acid are odorless, showing the ab- 
sence of hydrogen chloride molecules. Similarly, 
benzene is unable to extract any silver perchlorate from 
its water solution even though silver perchlorate is 
readily soluble in benzene. Hence the water solution 
must consist of only silver and perchlorate ions. 

The historical approach of Arrhenius emphasized the 
“abnormalities” in the colligative properties of solutions 
of electrolytes. The modern approach above outlined 
indicates that the colligative properties of solutions of 
electrolytes are in no wise “abnormal.” In reality the 
values for these properties should be considered normal. 
In other words, the following generalization for solu- 
tions of either covalent or electrovalent solutions can be 
shown to be valid. 


For true solutions, the change in: 


Freezing point, AFP = nm X —1.86°C./mol/1000 g. 
water 

Boiling point, ABP = n2 X 0.52°C./mol/1000 g. water 

Osmotic pressure, OP = nz X 22.4 atms./mol/1000 g. 
water (at 0°C.) 


Vapor pressure, AP = Prater X n2/(m1 + ne) 


Note: nz is the number of mols of molecules or ions in 1000 
grams (n; mols) of water. 


The experimental basis for this generalization is ad- 
mittedly involved requiring a comprehensive knowledge 
of the thermodynamics of solutions. But as to its 
acceptance as a limiting law in dilute solutions, there 
can be no doubt (4). Instructors can justifiably present 
the matter as experimental fact to their students just 
as they present the gram-molecular-volume of a gas 
(22.41 liters) as experimental fact, seldom mentioning 
the fact that this value is actually only the limiting 
value as the pressure on the gas approaches zero. 











TABLE 1 
Observed Osmotic 
freezing F. P./- FSP. Coeffi- 
Substance point Mol calc. cient g 
1. CO(NH:), —0.186°C. 1.86° 1.86°C. 1.0 
2. CrH2On —0.188 1.88 1.86 1.0 
3. KCl —0.345 3.45 3.72 0.93 
4. KSO, —0.432 4.32 5.58 0.78 
5. FeCl; —0.630 6.30 7.44 0.85 
6. MgSO, —0.225 2.25 3.72 0.61 


Note: Concentrations 0.100 fortaula/weights of solute per 
1000 grams water. 
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A modern treatment of solutions demands that 
departures in the values of colligative properties from 
the values calculated from total ion concentrations 
should not be ignored. The freezing-point data for 
some common substances is given in Table I. 

{ Using the modern approach the above outlined study 
of the colligative properties of solutions of electrolytes 
should be done on the basis of complete dissociation. 
This leads logically to the concept of the osmotic co- 
efficient ‘“g’’ introduced by Bjerrum as long ago as 
1907 (6). This is conveniently defined as the ratio 
of the apparent number of mols of ions present to that 
expected on the basis of complete dissociation. It 
can be further defined as 

_ Ratio observed colligative property 

Theoretical value if 100% ionized 

When g is unity, the measured and the calculated value 
for any colligative property are identical. In other 
words, g is a measure of the ideality of any solution 
and (1—g) is a measure of its abnormality. Many 
experimental studies show that the value of g depends 
both upon the nature of the solute and upon the con- 
centration. 

The data represented in Figure 3 reveal clearly that 
the value of the osmotic coefficient decreases with 
increase in the concentration of all the ions present 
(7. e., (1—g) increases) but that it also decreases with 
an increase in the charge on the ions. Thus in Table 
I the value of g decreases from a value of 0.93 for a 
1:1 salt to 0.61 for a 2:2 salt. This is evidence, of 
course, that the value of the osmotic coefficient de- 
creases with increase in the charge on the ions. 
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Figure 3. Change in Osmotic Coeffi- 


cient with Change in Concentration and 
Type of Electrolyte 
(Reproduced from ‘‘Physical Chemistry,” 
by C. F. Prutton and 8. H. Maron, The 
Macmillan Co., New York, 1944.) 
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Data such as that presented in Table I lead directly 
to the concept of interionic attraction. Thus, when the 
concentrations of solutions of electrolytes become appre- 
ciable, the ions cannot behave as “free ions” but because 
of electrostatic attraction form ionic atmospheres or 
aggregates which result in an apparent ionization of 
less than 100 per cent. This leads also to a reduced 
electrical conductivity and gives reduced values for the 
colligative properties. This lays the foundation for the 
discussion of apparent degrees of ionization and the 
concept of activity. 

It is the purpose of this paper to point out that 
modern knowledge in regard to solutions of covalent 
and electrovalent substances requires a modern inter- 
pretation. This means a presentation in terms of the 
structure of covalent and ion lattices, the polar char- 
acter of water, and the theory of interionic attraction 
where the concentration is such that the ions cannot 
act as “free ions.” This modern treatment largely 
by-passes the work of Arrhenius as related to strong 
electrolytes and thus avoids the possibility of students 
getting the impression that the Arrhenius theory is 
something thoroughly discredited and therefore aban- 
doned. The Arrhenius theory, however, should be 
taught only in connection with weak electrolytes where 
experimental facts and the theory are fully in accord 
with each other. 
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€ CHEMISTRY IN EARLY CALIFORNIA! 


Tue early history of California, from the days of 
Spanish and Mexican occupancy through the gold rush 
period, has a distinctive character. It is therefore 
not surprising that the development of chemistry in 
California differed for a time from the development 
in the eastern part of the United States. While in its 
later stages it formed a part of the chemical develop- 
ment of the country as a whole, the earliest phases are 
sufficiently distinctive to make up an individual chap- 
ter in the history of American chemistry. 

Although the California Indians were among the most 
primitive natives in all the territories which later be- 
came part of the United States they were able to devise 
a few simple chemical and metallurgical processes. 
They knew how to leach salt from the soil and crystal- 
lize it for purification, they regularly leached the tannic 
acid from the acorn meal which formed their chief food, 
and they roasted hematite in the fire to produce a 
brighter red pigment for their body paints. They were 
familiar with the properties of a number of minerals, 
such as cinnabar, steatite, and obsidian, for which they 
found numerous uses. However, they never developed 
any arts which might be called chemical beyond these 
very simple ones.” 

With the arrival of the Spaniards a civilization based 
on cattle raising gradually grew up. Hide and tallow 
production was practically the only industry in Spanish 
or Mexican California, aside from the simple home 
workshops in which soap and similar necessities were 
prepared. The first true chemical industry began in 
1846 with the discovery of the New Almaden mercury 
mine, about 60 miles south of San Francisco.* Mining 
was carried on in a very simple manner and the methods 
for recovering mercury were very crude, but the exist- 
ence of this mine became of great importance soon after 
its opening. 

The operations at New Almaden did not mark the 
beginning of scientific study of California, however. 
Many of the ships which touched at the ports of 
Monterey or San Francisco (then called Yerba Buena) 
carried physicians or scientists who left descriptions of 
the botany and physical characteristics of the coastal 
areas. More detailed observations began when over- 
land exploring expeditions first reached the coast. 





1 Presented before the Division of the History of Chemistry 
at the 115th meeting of the American Chemical Society in San 
Francisco, March 29, 1949. 
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Such expeditions usually included geologists with 
chemical training, and they have left the first records of 
many areas in which major industries later developed. 

One of the earliest notable scientists to visit Califor- 
nia was a young geologist and mineralogist who was 
later to become one of the most influential men of 
science in America. This was James Dwight Dana, 
fresh from his studies at Yale, who made a trip from 
Fort Vancouver in the Oregon Territory to San Fran- 
cisco in 1841. While passing through the Siskiyou 
Mountains in the vicinity of Mt. Shasta (or Shasty, as 
he called it) he noted that the rocks resembled those 
known to be gold-bearing in other regions. Although 
this area is rather far from the Mother Lode of the 
1849 gold rush, Dana was careful to recall this observa- 
tion later, when gold was actually found.* The inter- 
est in California aroused on this trip remained through- 
out Dana’s life, and he made many later studies on the 
geology of the gold regions. 

In July, 1847, another Yale graduate arrived in San 
Francisco. This was Chester S. Lyman, a clergyman 
with a great interest in science and much practical ex- 
perience as a surveyor. During his later life, he was 
professor of physics and astronomy at Yale.’ His 
health had failed in New England, and he undertook 
the long voyage which finally led him to California. 
Upon his arrival he found his services as a surveyor in 
great demand, for the old Spanish grants were overrun 
by American settlers and squatters and all land titles 
were in confusion. He therefore made numerous trips 
through the countryside around San Francisco, and his 
personal friendship with the younger Benjamin Silliman 
led him to send back to Yale long letters describing 
what he saw. These letters were published by Silliman 
in the American Journal of Science and Arts, the most 
influential scientific publication of its day. 

In February of 1848 Lyman surveyed the mercury 
mine at New Almaden, and in his usual way wrote 
Silliman a full description of its operation. He con- 
cluded the letter with the words: “Gold has recently 
been found on the Sacramento, near Sutter’s Fort. It 
occurs in small masses in the sands of a new mill race, 
and is said to promise well.’”* Lyman was the only 
trained scientist on the spot at the time of the gold 
discovery. During the summer of 1848 he spent some 

4 Dana, J. D., Am. J. Sci. and Arts, 57, 241 (1849). 

5 Tracart, F. J., “Around the Horn to the Sandwich Islands 
and California, 1845-1850. Being a Personal Record Kept by 


Chester S, Lyman,” Yale University Press, New Haven, 1924. 
6 Lyman, C.S., Am. J. Sci. and Arts, 56, 270 (1848). 
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time at the mines and faithfully reported his experiences 
to Silliman. Tis report was published’ with a brief 
note by Silliman himself vouching for Lyman’s truth- 
fulness. It should be remembered that at first, reports 
of the gold discovery had been received with consider- 
able skepticism in the East, but the sponsorship of the 
reports by Benjamin Silliman probably convinced many 
who had been inclined to dismiss the news as a wild 
rumor. Thus, although Lyman himself did little of a 
chemical nature in California, the influence of his re- 
ports was great. 

Another geologist with chemical training, William 
Phipps Blake, also a Yale graduate, arrived in the gold 
country soon after Lyman. His surveys did much to 
determine the extent of the gold-bearing regions, and 
he served as State Geologist and Professor of Geology 
at the University of California during much of his 
later life. In addition to his studies of the gold regions 
he pointed out other natural resources of California, 
such as salt, gypsum, and bitumen. 

The reports which this succession of Yale scientists 
sent back to their former teacher, the younger Benja- 
min Silliman, impressed him greatly. He published 
most of their papers, and the files of his journal in the 
fifties and sixties are full of reports on the geology and 
natural resources of California. Eventually Silliman 
himself paid a visit to the state. He evidently liked 
what he saw, for he made many later trips, served as a 
consultant for numerous mining companies, and was 
influential in the founding of the State University. 

After the discovery of gold there was thus no lack of 
trained scientists in California, but they confined their 
activities largely to surveys and reports. The men 
who actually worked the mines seldom had any scien- 
tific training and the methods used in the first years 
after the discovery required little scientific knowledge. 
In the beginning, simple panning of the streams yielded 
enough gold for most of the miners. Soon, however, 
the value of amalgamation methods for recovering 
larger quantities of the metal was realized. At once 
the output of the New Almaden Mine became of great 
importance. Had there not been a convenient supply 
of mercury available it is doubtful if gold mining would 
have developed as fast as it did. It is also true that 
there would have been relatively little demand for 
New Almaden mercury, located so far from world 
centers, if conditions in California had remained as 
primitive as they were when the mine was first dis- 
covered. 

The early miners used hydraulic methods almost 
exclusively. The gravel washed from the stream beds 
was usually passed over riffles which contained mercury 
on the bottom, and the gold was recovered by distilling 
off the mercury. This was the extent of chemical 
operations for some time, but the hydraulic operations 
grew ever more gigantic, until the threat of washing 
away the foothills of the Sierra and covering the farm 
lands of the great valley with many feet of gravel be- 
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came very real. At this point the vast hydraulic sys- 
tems were forbidden by law, and the miners were forced 
to turn to less wasteful methods. 

As early as 1851 a quartz mine was opened in Grass 
Valley. A few far-seeing men realized that the future 
of California mining lay in this direction. One of 
these was James Blake (who was no relation to the 
geologist), a physician and Fellow of the Royal So- 
ciety, who had had a distinguished career in England 
and whose researches on the relation between the 
atomic weights of the elements and their physiological 
actions had helped to lay the foundations of the 
science of pharmacology.’ For reasons which are not 
known he gave up his successful life in Europe to come 
to America, and finally to California, where he ended 
his days leading the life of a country doctor in a remote 
village in the Coast Range. 

In 1851 he published a series of articles in the Sac- 
ramento Daily Union, pointing out that only by quartz 
mining could any large return be obtained. He men- 
tioned the difficulties that would be encountered, 
especially by the untrained, and, perhaps not in an 
entirely disinterested way, he offered the opportunity 
to acquire a license for his patented process of amalga- 
mation in hot water rather than in cold, which he 
claimed gave better results. Blake was the fore- 
runner of a group of scientifically trained men who soon 
became superintendents of the various quartz mines 
which were established in Grass Valley, Mariposa, and 
other localities. 

These mines yielded a quartz in which the gold was 
finely mixed with sulfides of iron or other metals. The 
ore was crushed in stamp mills and the powdered 
quartz was passed through sluices whose bottoms were 
covered with coarse woolen blankets to catch the heavy 
particles. The finer particles then passed over amal- 
gamated copper plates or mercury riffles. The gold 
was subsequently recovered by distilling off the mer- 
cury in cast-iron retorts. If the gold particles were 
very fine, amalgamation in battery was practiced. 
In this case, the stamps operated in cast-iron boxes, or 
mortars, into which mercury was introduced from the 
side through a small opening. It was very difficult to 
control the amount of mercury to be added to obtain 
an amalgam of the proper consistency, and the opera- 
tors gained a great empirical skill in judging the proper 
quantities of mercury. At the Mariposa mines the ore 
was ground in a ball mill and then treated in an airtight 
chamber with mercury vapor. After cooling, the 
amalgam was collected.!” 

All these methods required considerable practical 
ability, and most of the responsible positions at the 
mines were filled by men who had had some chemical 
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training. Eventually, some of these even wrote books 
on the methods of assaying, extracting, and working 
the gold-bearing ores.'! 

However, their knowledge apparently did not greatly 
impress the general public. H. H. Bancroft, whose 
massive ‘History of California” is based upon much 
first-hand information, dismisses the scientific phases 
of quartz mining in one short paragraph. He says: 


One curious result of six or eight years of experiments in quartz 
mining—for all was no more than experiment—was the conviction 
forced upon those interested of the little value of expert knowl- 
edge. No science could be applied to the thousand variations 
found in ores in different districts, each of which had its pecul- 
iarities, and some of which exhibited distinct features in different 
lodes. As for assays, they were worthless to show the actual 
value of rocks. The practical miner obtained a knowledge far 
above the theories of the scientist, and this knowledge, the fruit 
of experience, and dearly bought with millions of money, is now 
(1890) being imparted, as in a great school of mining, to the actual 
workers in this most special industry of the state.!* 


It is probable that much of this distrust of the 
scientist came from the prevalence of a type satirized 
under the name of ‘The Muscular Amalgamator” by a 
certain C. A. Stetefeldt in a lecture ‘“‘not delivered 
at the California University,” but privately printed 
in 1892. The muscular amalgamator was described 
thus: 


As a manager of men he has excellent qualities: he can knock 
a fellow down and swear at him like a sea captain. Socially le is 
intimate with Tom, Dick, and Harry; and the millionaires Brown, 
O’Flaherty, and Schultze have the most exalted opinion of his 
skill and ability. Although he has a great contempt for science 
and for ‘‘scientific cusses’’ as he calls us, he can make good use of 
scientific nomenclature. He talks freely of highly metalliferous 
limestones, and phrenological periods.... In amalgamation the 
most curious processes are used: nitric, hydrochloric, sulphuric, 
phosphoric, acetic and pyrogallic acids are mixed with soda, 
potash, lime, sal-ammoniac, nitre, gum catechu and sage brush 
tea. Potassium cyanide is a gift of the gods, and is always kept 
exposed to the air so that it will gain strength.'* 


The excitement of the gold discovery aroused every- 
one, from trained scientists like Dana and Blake, to the 
simple miner with his pan, who is commonly remem- 
bered when the gold rush is mentioned. The repercus- 
sions of the discovery extended far beyond California, 
and men of varying scientific ability in the East were 
drawn into the whirlpool. 

A most interesting example of the effect of the excite- 
ment was the appearance of bodks designed for those 
setting out for the mines. These books were distin- 
guished both by their pretentious and encyclopedic 
titles, and by the haste with which they were written. 
An excellent sample is the pamphlet whose title page is 
illustrated here. Internal evidence indicates that this 





11 KustTex, G., “Nevada and California Processes of Silver and 
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Francisco, 1890, Vol. 7, p. 643. 

18 SreTerevpt, C. A., “The Muscular Amalgamhtor,” printed 
for the author, San Francisco, 1892. The pamphlet states that 
the lecture was prepared in 1881. 
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booklet was published in December, 1848, when the 
news of the gold discovery had spread everywhere, and 
many parties were preparing to set out for California 
as soon as proper provisions could be made. The 
preface of the book is very frank. It states, ‘As this 
book is intended...for immediate use, it has neces- 
sarily been written in great haste, and consequently 
without that care which should be used in the publica- 
tion of a work on any scientific subject.” In 39 pages 
this booklet discusses methods of analysis of gold, 
apparatus and tests for various metals, methods of 
amalgamation, and simple assay apparatus. The 
reason for the publication appears at the end where 
there is found a “catalogue of prices for apparatus and 
chemicals described in this work, and for sale by the 
author.” The complete outfit cost $120. 

A similar work is the 222-page book with the compre- 
hensive title “A History of the Precious Metals from 
the Earliest Periods to the Present Time with Directions 
for Testing Their Purity and Statements of Their 
Comparative Value, Estimated Cost, and Amount at 
Different Periods; together with an Account of the 
Products of Various Mines; a History of the Anglo 
Mexican Mining Companies, and Speculations con- 
cerning the Mineral Wealth of California,” by J. L. 
Comstock, M.D., author of “Philosophy,” “Geology,” 
“Mineralogy,” “Chemistry,” etc. (Belknap and Ham- 
ersley, Hartford, 1849). The author states in his 
preface, “As the preparation of this volume has occu- 
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pied only a few weeks, it may, and probably does, con- 
tain many errors, which we shall be glad to correct 
on their being pointed out in a friendly manner.”’ 

In addition to these purely literary efforts, a flood of 
new methcds for improving assaying, amalgamating, 
and mining were proposed. These included the Platt- 
ner chlorination process, actually used at Grass Valley, 
for separation of gold as the chloride,’ the Berden 
Gold Quartz Machine, a rotating bowl containing 
heavy iron balls to crush the ore in the presence of 
mercury,’ the Wurtz “magnetic” amalgamation 
method, in which small amounts of sodium added to the 
mercury “greatly enhanced adhesion, attraction or 
affinity for other metals” (hence the name ‘“mag- 
netic’’), or the McCulloh’* method of refining gold with 





14“Report of the Officers and By-Laws of Berden’s Gold 
Quartz Machine Manufacturing Co.,’’ New York, 1853. 


15 “Statement of the Wurtz Amalgamation Co. of New York,” 
New York, 1866. 


16 “Report of Professor R. 8. McCulloh to the Secretary of the 
Treasury upon Refining Gold with Zinc,” Gideon and Co., 
Printers, Washington, D.C., 1852. 
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zinc, which was recommended by the well-known 
chemist James Curtis Booth, then melter and refiner 
at the United States Mint in Philadelphia. All these 
proposals clearly reflect the great impact of the Cali- 
fornia discoveries on the whole nation. 

For many years gold mining was the most important 
industry in California. It alone demanded scientific 
skill, and to it were attracted almost all the scientists 
who came to the state. Although they concentrated 
their attention on gold, they did not fail to note the 
presence of other resources, such as copper, borax, 
salt, and petroleum. It remained for future genera- 
tions to develop these industrially, but the scientists 
who came to California because of the gold pointed 
out the fields which later became of great importance. 
They were instrumental in founding the colleges and 
universities which placed chemistry in California on a 
solid basis. After the days of the gold rush, chemistry 
in California merged with chemistry in the rest of the 
country, and its development is a part of the general 
story of chemistry in America, but for a time at least, 
it followed a path which was both unique and fas- 
cinating. 


€ SMALL-SCALE EXPERIMENTS FOR THE 
ORGANIC CHEMICAL LABORATORY 


Tue use of small-scale experiments in the elementary 
organic laboratory not only permits the introduction of 
instructive procedures involving expensive chemicals 
and primitive apparatus but it also allows the use of 
reagents which might be dangerous on a larger scale. 
A typical experiment of the type which, for beginners, 
is hazardous on the large scale involves. the use of 
chromic anhydride in acetic anhydride. However, the 
principle of ‘‘blocking’’ which Thiele (TH1e.z, J., AND 
E. Winter, Ann., 311, 353 (1900)) employed to prevent 
the oxidation of a methyl group from proceeding past 
the aldehyde stage can profitably be demonstrated by 
the student using this reagent in the laboratory. In the 
Household Economics Laboratory (second year) ex- 
perience over four years has shown that less than 2% 
of the students have lost their reaction mixtures owing 
to sudden ebullition. In no case was the student or 


Oxidation of Para-Nitrotoluene 
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her neighbors personally endangered. The difficulty 
was traced to inadvertent introduction of water into the 
reacting system, and no losses have occurred since close 
attention was given to this possible error. 

The oxidation procedure which was adopted involved 
the conversion of para-nitrotoluene to a mixture of p- 
nitrobenzoic acid and p-nitrobenzal diacetate. The 
average yield of p-nitrobenzoic acid among a class of 50 
students was 26%, with a high and low value of 55% 
and 8%, respectively. The melting point was not de- 
termined. The average yield of crude p-nitrobenzal 
diacetate was 39%, with a high and low value of 90% 
and 5%, respectively. The average value obtained 
for its melting point was 126° to 30°C. (low, 112°, 
high 200°) with incomplete melting in some cases, 
owing to contamination with p-nitrobenzoic acid. The 
crude diacetate was purified by crystallization from 
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95% ethanol with an average recovery of 42% (low, 
2%; high 82%) and an average melting point of 
126°C. (low, 112°, high 132°). That part of this p- 
nitrobenzal diacetate which remained in the crystalliza- 
tion mother liquor was converted to the phenylhydra- 
zoné under conditions which illustrate the ease with 
which such a diacetate can be hydrolyzed. The melting 
point of this p-nitrobenzaldehyde _phenylhydrazone 
varied from 125° to 178°, although most values were 
close to the average, 148°C. This compound exists in 
two forms, of which the yellow modification appearing 
at low temperatures is converted to the red form in 
boiling water. 

The average total time required to deliver the three 
products to the instructing staff was eight hours ex- 
tending over three three-hour periods. The student is 
expected to study the experiment and to calculate 
molar quantities before the laboratory period. 

The apparatus required for this experiment comprises 
a 600-ml. beaker, four Erlenmeyer flasks (25, 50, 125, 
and 250 ml. in capacity), a section of 10-mm. glass 
tubing, a 60-mm. glass funnel, corks, a Hirsch funnel 
(largest diameter, 40 mm.) and a 150- X 22-mm. side- 
arm test tube for suction filtration. Three feet of 
8/1- X 1/ie-in. rubber tubing connects this side-arm 
tube to the mouth, or to a water aspirator if the latter 
facility is available. 


PROCEDURE 


Into a 125-ml. Erlenmeyer flask introduce 7.4 ml. of 
acetic anhydride, 7.6 me. of glacial acetic acid, 1.63 me. 
of conc. sulfuric acid (d. 1.84), and 1 g. of p-nitrotoluene 
in that order. Now add about 25 glass beads (1/4 in. 
diameter). Insert a rolled cork stopper loosely in the 
flask and place the flask in a 600-ml. beaker filled with 
fine ice and water as shown in the diagram. After the 
contents have cooled to the bath temperature add at 
once 2 g. of chromic acid anhydride (since this chemical 
is so corrosive and hygroscopic it has been found con- 
venient to devise a glass ladle 2.5 ml. in volume from 
which a predetermined weight can be measured quickly 
by emptying it after it has been filled level full. The 
stock bottle should have a wide mouth and should 
be kept closed). Now spin the flask on its inclined axis 


OAc 


for 15 minutes, then quickly replace the cold bath with 
one at 10°C. Continue to spin the flask for 15 minutes 
longer while the bath gradually warms to 15°C. Add 
small pieces of ice only if it tends to exceed this tem- 
perature. Observe color changes during the reaction 
period. A longer time at the lower temperature tends 
to increase the yield of diacetate and to decrease the 
yield of acid but is not practicable for the laboratory 
period. 

After this half hour at the several temperatures the 
mixture should be chilled once more in an ice-water 
bath. Ice (about 20 g.) and then water are added 




















Reaction Flask in Position for Spinning in Ice Water 
Bath 


rapidly with swirling until the volume is finally 125 ml. 
After several minutes the suspension is filtered through 
paper and then is washed with water to remove most of 
the chromic salt. 

Insert the stem of the filter into a clean 250-ml. 
Erlenmeyer flask and pour 10 ml. of saturated aqueous 
sodium carbonate into the wet filter. The filtrate 
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should be returned several times to the filter in order 
to complete solution of the p-nitrobenzoic acid. After 
five minutes transfer as much of the remaining solid as 
possible to the Hirsch funnel, set up for suction filtra- 
tion. Then puncture the filter and wash the remainder 
of the precipitate into the Hirsch funnel with a mini- 
mum of water. Combine the suction filtrate with the 
aqueous carbonate solution already in the 250-ml. 
flask. Wash the contents of the Hirsch funnel with 
five 2-ml. portions of water, suck as dry as possible and 
then air dry the well-spread material in order to de- 
termine the yield and melting point of the crude p- 
nitrobenzal diacetate. 

The aqueous alkaline solution should now be acidified 
by cautious addition of cold conc. hydrochloric acid and 
then filtered by suction. Discard the clear filtrate. 
The collected precipitate on the filter should be washed 
with water. This p-nitrobenzoic acid should be dried to 
constant weight for yield, but its melting point is too 
high (ca. 240°C.) to determine safely in a melting point 
apparatus containing fats and most oils (inflammable) 
or sulfuric acid which may become diluted with water, 
after which it is liable to sudden ebullition. 

The crude p-nitrobenzal diacetate is transferred to a 
50-ml. Erlenmeyer flask equipped with a bored cork 
with a 10-mm. glass tube at least 12 in. long. Add 95% 
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ethanol (15 ml. per gram of solid) and dissolve by 
boiling (FIRE HAZARD). Now filter as hot and as 
rapidly as possible through a fluted filter paper in a 
funnel which has been previously warmed over the 
Bunsen flame. The filtrate is received in a warm 25- 
ml. Erlenmeyer flask. When this has cooled, and 
crystallization is complete, filter off the purified p- 
nitrobenzal diacetate by suction, dry in air, and deter- 
mine weight for percentage yield and also the melting 
point. 

This diacetate ester of the hydrated aldehyde was 
formed by acid catalysis in anhydrous medium; 
hence, of course, it can be hydrolyzed to the aldehyde 
by acid catalysis in aqueous medium. This may be 
demonstrated by transferring 10 ml. of the crystalli- 
zation mother liquor back into the 50-ml. flask. Ten 
ml. of 3% aqueous hydrochloric acid and 0.4 g. of 
phenylhydrazine hydrochloride are now added and the 
whole boiled under reflux for five minutes. Then 10 ml. 
of water and a fresh boiling chip are added and reflux 
boiling is resumed for one to two minutes. The flask is 
then cooled to room temperature and the red precipitate 
is filtered off after 10 minutes. If the p-nitrobenzalde- 
hyde phenylhydrazone is yellow rather than red, it 
should be boiled in 5 ml. of water for a few minutes and 
then the hot slurry refiltered. 


& A SIMPLE EXPERIMENT ON ERROR 


DISTRIBUTION 


An experiment demonstration of error distribution 
requiring no precision apparatus has been used as the 
first experiment in physical chemistry laboratory by 
four classes. The only instrument used is an ordinary 
meter stick. Experiments of this type, usually in- 
volving micrometer measurements, are sometimes de- 
scribed in supplementary reading matérial in physical 
chemistry laboratory texts! but not presented as student 
exercises. 

In this experiment the student is directed to measure 
the length of an object 100 or more times to the nearest 
tenth of a millimeter. The object measured can be any- 
thing long and narrow. Sticks and metal rods are 





1 Livineston, R. S., ‘“Physico-chemical Experiments,’’ Re- 
vised Edition, The Macmillan Co., New York, 1948, pp. 10--14; 
Dantgts, F., “Mathematical Preparation for Physical Chem- 
istry,’”’ McGraw-Hill Book Co., New York, 1928, pp. 219-220. 
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satisfactory; pieces of glass tubing sealed at both ends 
have been used very successfully. 

The measurements are made most efficiently by 
students working in pairs, one measures while his 
partner records. After half of the measurements are 
made, the partners change jobs. The students are 
directed not to use the same portion of the meter stick 
for all measurements, but to choose different portions 
at random. In practice, the student usually lines up one 
end of the rod even with a mark on the meter stick, then 
reads to his partner the decimal part of a centimeter at 
the other end. 

In the report of the experiment, the student is asked 
to plot a step-type graph showing frequency of different 
values and to calculate the average measurement, the 
average deviation, and, using a standard formula, the 
probable error of a measurement. A few typical ex- 
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amples of student results follow, showing in each case 
the number of occurrences of each value. 

The distribution curves usually found (Example 1, 2) 
are aS Symmetrical as those in the example explained by 
Livingston! but frequently nonstatistical graphs ap- 
pear. Most often these result from prejudices favoring 
last figures which are zero or five, or frequently the even 
integers (Example 3). Sometimes a double maximum 
(iixample 4) shows one partner tending to read higher 
than the other; the alert student confronted with this 
divides the data into two sets to prove this explana- 
tion. 

The precision found in this experiment is surprisingly 
high, especially considering the crude measuring in- 
strument used. The probable error in a measurement, 
cileulated from standard formulas, is usually about 
0.01 em. if the measurements show statistical distribu- 
tion, 0.02 to 0.03 cm. if the distribution is nonstatistical. 
Even average measurements of the same rod by dif- 
ferent students using different meter sticks disagree on 
the average by only 0.05 cm. 

This experiment illustrates several important prin- 
ciples of laboratory work. Besides the demonstration 
of the nature of error distribution, the idea that an 
average of several measurements is better than a single 
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measurement is forcibly shown. And the student learns 
that it makes good sense to read instruments to tenths 
of divisions, even if some guesswork is involved. 





Example 1 Example 2 





Length, cm. No. Length, cm. No. 
46.76 1 20.41 8 
46.78 5 20.42 21 
46.79 18 20.43 28 
46.80 78 20.44 26 
46.81 25 20.45 - 14 
46 .82 < 20.46 3 
46.83 8 
46.84 5 
46.85 3 

Example 3 Example 4 
38.7 a 20.43 4 
38.76 1 20.44 8 
38.78 2 20.45 22 
38.79 9 20.46 15 
28.80 39 20.47 21 
38.81 6 20.48 17 
38 .82 13 20.49 11 
38.83 9 20.50 2 
38.84 3 
38.85 10 
38.86 2 
38.88 2 
38.90 1 





e A COMPARISON OF TEACHING METHODS 


Tue criticisms of the methods of teaching inorganic 
chemistry have been widespread. ‘The lecture, the 
recitation, and the laboratory have all received a 
share, and the claims and counterclaims have by no 
means subsided. In so far as the laboratory is con- 
cerned, the lecture-demonstration as a substitute for 
individual laboratory method is familiar to all. The 
effectiveness of the formal lecture has been disputed 
repeatedly, and in some instances this phase has been 
greatly modified. Furthermore, as in the case of the 
lecture, the amount and nature of the recitation hours 
have been a point of wide disagreement. In short, the 
search for effective, efficient methods of teaching in- 
organic chemistry is as intensive as ever; certainly the 
importance of this search is great enough to demand the 
careful examination of all pieces of evidence. 

In September, 1946, the rapid increase in enrollment 
at the Iowa State College compelled the establishment 
of an annex at Camp Dodge some 30 miles from the 
campus. This annex was equipped to accommodate 
approximately 340 male freshman students, the large 
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majority of whom were enrolled in the engineering 
division. Although facilities and staff were similar in 
most respects to those of the main campus, limitations 
of classroom space made it necessary to alter the method 
of instruction of beginning inorganic, chemistry, thereby 
affording an excellent opportunity for comparison. 

At the annex the course was taught by the recitation- 
laboratory method which consisted of six contact hours 
per week divided into three two-hour periods. The 
recitation and laboratory were carried on simultane- 
ously, thereby providing a much closer contact between 
the students and the instructor. Although no time was 
specifically allotted for lecturing, the instructor had the 
liberty of introducing each class meeting in that fashion. 
In addition, he was able to divide the laboratory period 
between the assigned laboratory exercise and oral dis- 
cussion as he so desired. 

One instructor taught each class at all three meetings 
and the class size ranged from 25 to 30 students. The 
students were seated around low laboratory desks. 
Each student was provided with the necessary chemicals 
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and equipment so that it was unnecessary for him to 
leave his place. In order to conserve time a pan 
balance was provided for each pair of students. To 
conserve chemicals and apparatus all experiments were 
conducted on the semimicro scale. 

Meanwhile, the lecture-recitation-laboratory method 
used at the main campus consisted of seven contact 
hours per week divided into two one-hour lecture 
periods, two one-hour recitation periods, and one three 
hour laboratory period. The lectures consisted of 
formal discourses which contained most of the subject 
matter to be covered and frequently included labora- 
tory demonstrations illustrating various principles of 
inorganic chemistry. For the most part the recitations 
were confined to oral review of the lectures and text 
assignments, question and answer periods, and ad- 
ministration and discussion of examinations. The 
laboratory classes were devoted to assigned experiments 
conducted on a semimicro scale as described in the 
laboratory textbook. | 

The class size varied greatly, ranging from 100 to 150 
students per class for the lecture and laboratory classes, 
and from 20 to 30 students per class for the recitation 
classes. There was no assurance that each student 
would be taught by the same instructor at the lecture, 
recitation, and laboratory meetings. A student may 
have had one instructor for all three phases or as many 
as three instructors, each teaching one phase. Further- 
more, the lecture, recitation, and laboratory exercises 
were conducted in different rooms, all of which were of 
sufficient size to accommodate the class sizes previously 
mentioned. The laboratory was equipped with individ- 
ual lockers, general reagent shelves, and balances. 

It was easy to compare the effectiveness of the two 
methods since similar teaching conditions existed in 
both cases. The same textbook and laboratory manual 
were used. Classroom facilities and laboratory equip- 
ment were adequate. All instructors had previous 
teaching experience, but no previous experience with 
the teaching method employed at the Camp Dodge 
Annex. 

The same weekly examinations and the same final 
examination were administered to all classes. This 
final examination, which was used as the criterion of 
achievement, was prepared by the member of the staff 
who conducted the lectures in the classes following the 
lecture-recitation-laboratory method. 

A group of 147 male engineering freshmen who were 
taught by the recitation-laboratory method and who 
had no previous college chemistry experience were com- 
pared to a group of equal size who met the same quali- 
fications and who were drawn at random from those 
taught by the lecture-recitation-laboratory method. 
The mean final examination score for the recitation- 
laboratory group was 77.12, while that of the lecture- 
recitation-laboratory group was 80.22. 
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To test whether or not this difference between the 
means was significant a t-test was made, yielding a 
value of 1.60. This value being nonsignificant, it can be 
said that, if student ability is disregarded, a significant 
difference in achievement did not exist when the course 
was taught by the two methods. 

However, a more sensitive test of significance was 
available. In the first place, previous studies at the 
Iowa State College and elsewhere have shown that 
veteran students achieve significantly better in college 
than nonveteran students, and that freshmen having 
completed courses in high-school chemistry achieve 
significantly better in first-quarter inorganic chemistry 
than those who have not. In accordance with these 
findings, both groups were carefully stratified into four 
subgroups, the respective subgroups being equal. 

Furthermore, the differences of ability among the 
students can be controlled by utilizing aptitude and 
achievement scores. Therefore, the scores on the 
American Council on Education Psychological Exami- 
nation were used as a scholastic aptitude control, the 
high-school grade averages as a prior achievement con- 
trol, and the college algebra final examination scores as a 
concurrent achievement control. The effectiveness of 
these controls is evidenced by a multiple coefficient of 
correlation of 0.63. Analysis of convariance with mul- 
tiple classification was then computed and the per- 
tinent results are shown in Table 1. 





Table 1 


Analysis of Covariance with Multiple Classification of 
Chemistry Final Examination Scores 





Source of Degrees of Sum of Mean 

variation freedom squares square t 
Method 1 47.510 47.510 0.522 
Within 283 49, 422.251 174.637 ee 





The ¢ value is nonsignificant. Therefore, in so far as 
(1) scholastic aptitude was controlled by ACE raw 
scores, (2) prior achievement was controlled by high- 
school grade point average, (3) concurrent achievement 
was controlled by the college algebra final examination 
scores, and (4) no other pertinent factor related to 
achievement in introductory chemistry contributed a 
bias, the two methods for teaching introductory chem- 
istry to freshman students in engineering were con- 
sidered to be equally satisfactory. 

Although the statistical analysis indicates the fore- 
going conclusion, the Chemistry Department con- 
sidered many features of the recitation-laboratory 
method so desirable that they have been incorporated 
into the teaching methods of many freshman classes. 
It would be of interest to duplicate the investigation 
here reported under normal campus conditions and with 
instructors who have had experience with the recitation- 
laboratory method of teaching. 
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e EQUILIBRIUM IN HETEROGENEOUS SYSTEMS 
OF TWO OR MORE COMPONENTS 


REQUIREMENTS OF PHASE RULE THEORY 
The phase rule, derived by J. Willard Gibbs (1) from 


the laws of thermodynamics, provides the investigator 
of phase equilibria with an indispensable guide in 
testing conditions of equilibrium in heterogeneous 
systems. In deducing the phrase rule it is assumed that 
the variables determining an equilibrium state are 
temperature, pressure, and composition. The phase 
rule as commonly stated therefore applies only when 
no other variables are involved. For example, if any 
phase is so finely divided that surface forces exert an 
appreciable influence on the state of equilibrium, the 
usual statement of the phase rule must be modified 
before it can be applied. 

The phase rule expresses the relation between the 
number of components, the number of phases, and the 
number of degrees of freedom of a system in a state of 
equilibrium. These terms must be defined before the 
phase rule can be presented and its applications dis- 
cussed. 

A heterogeneous system is composed of different 
parts, each homogeneous but separated from the others 
by bounding surfaces. Each of these parts is a phase. 
In considering the number of phases in a system, all 
of those parts which are identical in physical and 
chemical character constitute a single phase. 

The components of a system may be chosen somewhat 
arbitrarily, but the number of components is fixed. 
As the components of a system there must be chosen 
the smallest number of constituents by which the com- 
position of each phase present in any state of equilib- 
rium may be expressed. This smallest number is the 
number of components of the system. 

The number of degrees of freedom is defined by Mac- 
Dougall (2) as ‘‘the number of intensive variables which 
ean be altered independently and arbitrarily without 
bringing about the disappearance of a phase or the 
formation of a new phase.” The number of degrees of 
freedom is sometimes referred to as the variance of a 
system. Systems possessing zero, one, two, or three 
degrees of freedom are invariant, univariant, bivariant, 
or trivariant, respectively. 

The number of degrees of freedom possessed by a 
system in a state of equilibrium may be determined 
by the phase rule, which is expressed by the equation, 


F=C+2-P ‘ (1) 


in which F is the number of degrees of freedom, C the 
number of components, and P the number of phases. 


LOUIS A. DAHL 
National Bureau of Standards, Washington, D. C. 


Systems in which the vapor phase is absent require 
large changes in pressure to produce small changes in 
the temperature of equilibrium. Such systems are 
termed condensed systems. Except when the effects 
of large pressure changes are under consideration, the 
pressure variable is ignored, and the phase rule is 
expressed by the equation, 


FeC+1-P (2) 


Systems in which the vapor pressures of liquid and solid 
phases are extremely low, and in which the conditions 
of equilibrium at atmospheric pressure consequently 
differ only slightly from those existing when the liquid 
and solid phases are under the pressure of their own 
vapor, are treated as condensed systems. Investiga- 
tions to determine equilibrium conditions in systems of 
this type are usually carried out with charges in open 
containers. Equation (2) may be applied to such sys- 
tems if the vapor phase is ignored. 

Applying the phase rule to a one-component system, 
it is found that F = 3 — P. When three phases are 
present the system is invariant, when two are present 
it is univariant, and when one is present it is bivariant. 
This is shown in Figure 1, which shows the phases 


re 


Solid 








Figure 1. Equilibrium Between 
Solid, Liquid, and Vapor in a One- 
Component System 


present in a solid-liquid-vapor system at various 
temperatures and pressures. Three phases, solid, 
liquid, and vapor, can exist at equilibrium only at the 
temperature and pressure represented by point O. 
Since changes cannot be made in any direction from 
point O without causing the disappearance of at least 
one of the phases, point O is an invariant point. 

At any point on the curve OC liquid and vapor may 
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coexist in a state of equilibrium. Changes in tem- 
perature and pressure following the curve OC may be 
made without causing the disappearance of either 
phase. Successive increments of such changes are in 
small segments of the curve, and these small segments 
may be regarded as straight lines. Since a straight 
line has only one dimension, the combined change in 
temperature and pressure in each successive segment 
occurs in only one dimension. The curve therefore 
represents one degree of freedom and is referred to as a 
univariant curve. Within the areas designated as solid, 
liquid, and vapor in Figure 1, changes may be made in 
temperature or pressure, or both, thatiis, in two dimen- 
sions. A system in any one of these areas possesses 
two degrees of freedom and is said to be bivariant. 

From the foregoing considerations it may be seen 
that an invariant condition is represented by a point, a 
univariant condition by a curve, a bivariant condition 
by a surface, etc. The number of degrees of freedom is 
the same as the number-of dimensions in which small 
changes in the variables can be made without causing 
any phase to disappear or a new phase appear. This 
holds true for systems of any number of components 
and furnishes a guide in determining whether the rela- 
tions indicated in a phase diagram or space model are in 
harmony with the phase rule. It should be noted that 
examinations of the diagram or model with reference to 
the phase rule are made as it is constructed in the 
course of an investigation, as a check on the reliability 
of observations, and are seldom needed in considering 
the completed work. 

Binary Systems. The phase diagram of a binary 
system differs from that of a one-component system in 
the fact that there are regions in the diagram in which 
no equilibrium state is indicated directly. That is, a 
point in such a region indicates a composition incapable 
of existing as a single phase at the corresponding tem- 
perature. The hypothetical system in Figure 1 may 
now be reéxamined for the purpose of comparison. 
Any point in the areas designated as liquid, solid, and 
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Figure 2. The System Phenol-Water at 760 Mm. 
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vapor represents the temperature and pressure at 
which the single phase designated may exist in a state 
of equilibrium. Any point on the curves AO, OB, 
or OC represents the temperature and pressure at 
which two phases, indicated in the areas on each side 
of the curve, may coexist, while the‘ triple point O 
common to the three areas, represents the conditions 
under which all three phases may coexist. The diagram 
in Figure 2, representing the binary system phenol- 
water at atmospheric pressure, illustrates the differ- 
ent situation encountered in the phase diagram of a 
binary system. Since the pressure is constant, equa- 
tion (2) may be applied in determining the number of 
degrees of freedom in systems in which one or two 
liquids are present in equilibrium. For a single liquid 
phase, F = 2, and for two liquid phases, F = 1. The 
conditions under which one liquid phase may exist in a 
state of equilibrium or two phases may coexist are 
therefore represented by a bivariant surface or a uni- 
variant curve, respectively. The area outside the 
curve in the figure is a bivariant surface indicating at 
each point within it the temperature at which a liquid 
of corresponding composition may exist in a state of 
equilibrium. The area inside the curve has an entirely 
different significance, since it indicates at each point 
within it a temperature at which a liquid of corre- 
sponding composition may not exist in a state of equi- 
librium as a single phase. For example, a mixture of 
the composition 25 per cent phenol, 75 per cent water, 
at 35°C., represented by the point P, does not exist as 
a single liquid phase, but separates into two liquid 
phases, Z, and Ze, on the univariant curve. The area 
inside the curve is not a bivariant surface but a solu- 
bility gap. 

Each point on the univariant curve in Figure 2 repre- 
sents the temperature at which a liquid of corresponding 
composition may exist in equilibrium with another 
liquid phase. This other phase is found at another 
point on the curve, at the same temperature. For 
example, at 35°C. liquid LZ; (9.9 per cent phenol) may 
coexist with liquid LZ, (67.6 per cent phenol). The line 
LL is a tie-line, or conode, indicating at its extremities 
the phases which may coexist at 35°C. Although 
equilibrium conditions are not indicated directly in a 
solubility gap, it is convenient to designate in the gap 
the phases which are present when a state of equi- 
librium represented by the extremities of any tie-line 
has been attained. Thus, there are two liquid phases 
indicated in the solubility gap in Figure 2, one more 
than in a bivariant surface. 

The solubility gap is a special case in which the 
phases indicated at the extremities of tie-lines through 
the gap are in the same state of aggregation, that is, 
both are liquids or both solids. There are other gaps 
in which the phases are not in the same state of aggrega- 
tion. An example is shown in Figure 3, which repre- 
sents a hypothetical system in which the components 
A and B are miscible (intersoluble) in the solid state 
in all proportions. The univariant curves A,L;B; 
and A,S;B, are the liquidus and solidus curves, re- 
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spectively. The areas above the liquidus and below 
the solidus are bivariant surfaces representing condi- 
tions in which only a single phase is present at equilib- 
rium. The area between the curves is a gap in which 
there is no equilibrium state indicated directly. Any 
horizontal tie-line through the gap connects points on 
the liquidus and solidus curves representing the com- 
positions of a liquid solution and solid solution capable 
of coexisting at equilibrium at the temperature in- 
dicated by the tie-line. For example, liquid LZ: and 
solid X; may coexist at temperature 7;. As in Figure 
2, the number of phases indicated in the gap is the 
number associated with a univariant curve, since for 
any point in the gap representing the composition and 
temperature of a mixture the equilibrium state is shown 
by reference to the boundary curves. 

Solidus and liquidus curves are located experimen- 
tally by determining the temperatures at which a series 
of solid solutions begin to liquefy and the temperatures 
at which complete melting occurs. In locating the 
liquidus it is not necessary to start with solid solu- 
tions. A mechanical mixture of components A and B, 
Figure 3, in the proportions corresponding to composi- 
tion X will be completely melted at the same tempera- 
ture as a solid solution of that composition. On the 
other hand, for determination of temperatures to locate 
the solidus each charge must be a homogeneous solid 
solution. This may be seen by considering the course 
of crystallization in the system shown in Figure 3. 

Point X, in Figure 3 represents composition X at 
temperature 7, when it is entirely liquid. When 
cooled to temperature 7 the liquid may coexist with 
solid S,, which appears when the temperature is reduced 
slightly. As cooling proceeds the solid phase changes 
in composition along the solidus curve from S; to X3, 
while the liquid follows the liquidus curve from X, 
to Le, at which point all of the liquid disappears, leaving 
a solid solution of composition X. This is the ideal 
course of crystallization, described on the assumption 
that equilibrium is continuously attained during the 
process of cooling. That is, it is assumed that after 
each infinitesimal drop in temperature, constant tem- 
perature is maintained to permit all of the previously 
crystallized solid phase to transform to the composition 
of the solid phase in equilibrium at that temperature. 
Because of the time required for such transformations 
in the solid state the ideal course of crystallization is 
seldom followed. Instead, the solid phase separating 
out at any moment is deposited on the surface of crys- 
tals already present. This results in composition 
gradients in the crystals. For example, as composition 
X, Figure 3, is cooled from temperature T; to 7, 
solid S, separates out first, and solid solutions from 
S, to S, are deposited upon the original crystals. 
Liquid L, is then in equilibrium with solid S. on the 
surfaces of the crystals, although the system as a whole 
is not in a state of equilibrium. The composition of 
the crystals as a whole is between that of S; and Se, say 
S,. Since the line S,X¢2 is longer than S,X_ the quan- 
tity of liquid Z, is greater than in the ideal course of 
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Figure 3. Hypothetical Isobaric System—Compo- 
nents Intersoluble in Solid State in All Proportions 


crystallization. As this process continues in cooling 
to temperature 7’3, liquid Lz fails to disappear at that 
temperature and further crystallization takes place 
with additional cooling. The last liquid present may 
be on the liquidus between Lz and B,, its composition 
depending upon the rate of cooling. If crystallization 
is complete at temperature 7',, for example, the surface 
of the crystals and the last liquid present will have the 
compositions S; and Ls, respectively. The effect 
of the composition gradients in the crystals, from S, 
in the interior to S3; on the surface, would be to lead one 
to locate the solidus point for composition X at X, 
instead of X;. Upon heating, the process is reversed, 
with liquid Z3 appearing at temperature 74, again lead- 
ing one to locate the solidus point at X, instead of X3. 
On the other hand, if homogeneous crystals of com- 
position X are prepared, point X; may be located by 
observing the temperature at which liquid first appears. 

The areas bounded by univariant curves in the dia- 
gram of a binary system are termed state regions by 
Masing (3). Similarly, the spaces between bivariant 
surfaces in a space model are termed state spaces. 
State regions and spaces are of two kinds: homogeneous, 
illustrated by the bivariant surfaces in Figures 2 and 3, 
in which states of equilibrium of single phases are in- 
dicated; and heterogeneous, in which there is no equilib- 
rium state, illustrated by the gaps in the figures. 
In determining whether the number of phases indicated 
for points, curves, surfaces, etc., are in harmony with 
the phase rule, it should be borne in mind that gaps— 
that is, heterogeneous state spaces—are excluded from 
consideration. 

A hypothetical system in which the solid phases are 
only partially intersoluble is shown in Figure 4. In 
this system the components A and B form a com- 
pound designated as G. The regions in which only a 
single phase, a, 8, and ¥, or liquid L, is indicated are 
bivariant surfaces. Those in which two phases are 


indicated are gaps, or heterogeneous state regions, in 
which there is no equilibrium state indicated directly. 
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Figure 4. Hypothetical Isobaric System—Compo- 
nents Partially Intersoluble in Solid State 


Horizontal tie-lines through these gaps connect points 
on univariant curves representing compositions of 
phases capable of coexisting at equilibrium at the tem- 
perature indicated by the position of the tie-line. The 
tie-line ab, for example, connects a solid solution a 
of composition a with a liquid phase L of composition 
b. These phases coexist at temperature 7;. A mix- 
ture of composition X is composed of these phases at 
temperature 7;. The quantities of the phases L and 
a are proportional to the lengths of the line segments 
ax, and x,b, respectively. 

The tie-line ab may be considered to drop as the tem- 
perature is lowered, until it coincides with the line mP 
at temperature 7,. This line touches three homo- 
geneous state regions at m, G;, and P. These points of 
contact represent the compositions of three phases 
capable of coexisting at temperature 72, and they are 
therefore invariant points. Three phases may coexist 
at temperature 72, but their proportions change as 
heat is added or withdrawn, without change of tem- 
perature. This results in the presence of only two 
coexisting phases at maximum or minimum heat con- 
tent at that temperature. For example, mixture X is 
composed of the phases of a and L at maximum heat 
content at temperature 72, in quantitites proportional 
to the line segments X2P and mX2, respectively, while 
at minimum heat content at temperature 7’, it is com- 
posed of phases a and y in quantities proportional to 
line segments X2G, and mXo, respectively. The trans- 
formation occurs without change of temperature. Tie- 
line mP is not a phase boundary, but is inserted as a 
part of the diagram to connect compositions of phases 
capable of participating in three-phase equilibria and 
to separate gaps differing with respect to the pairs of 
phases indicated. The line rs has similar significance. 

Comparison of Figures 1 and 4 shows an important 
difference between phase diagrams in which composition 
is a variable and those in which it is not. In Figure 1 
a univariant condition is represented by a single curve 
and an invariant condition by a single point. In Figure 4 
a univariant condition is represented by a single curve, 
and an invariant condition by a single point. For 
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example, the univariant curves mA, and A;P represent 
the compositions of phases capable of participating in 
two-phase equilibria. Similarly, the invariant points 
m, G;, and P represent compositions of phases capable 
of participating in three-phase equilibria. 

Invariant points P and EF represent compositions of 
liquids, each capable of coexisting with two solid phases. 
Point E is between the points representing the solid 
phases with which it may coexist, and liquid ZH may 
therefore be formed from these solid phases in proper 
proportions. Conversely, it may separate into the 
two solid phases as it crystallizes. It is classed as a 
eutectic point. On the other hand, point P is not be- 
tween m and G,, which represent the compositions of 
solid phases with which liquid P may coexist. Point 
P is classed as a peritectic point. This distinction 
between eutectic and peritectic points applies to systems 
of any number of components. As a result of this 
difference in location of liquids P and E with respect 
to the solid phases with which they may coexist, there 
is one gap above mP and two below it, while there are 
two gaps above rs and one below it. Marsh (4) refers 
to this as “an important means of distinguishing be- 
tween eutectic and peritectic types.”’ 

Components A and B, Figure 4, do not decompose 
below their melting points, and are said to melt con- 
gruently. Compound G decomposes into liquid and 
solid phase a, and is said to melt incongruently. 

The fact that the regions for solid phases a, 6, and 
y in Figure 4 are narrow indicates that A, B, and G are 
intersoluble in the solid state to only a limited extent. 
If A, B, and G are mutually insoluble in the solid state, 
these regions are reduced to straight lines, as in Figure 
5. Phase diagrams of the type shown in Figure 5 may 
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result from evidence that the components are immiscible 
or practically immiscible in the solid state, but it is 
probable that in many instances the degree of inter- 
solubility in the solid state has not been investigated. 
When the boundaries of the homogeneous state region 
in a binary isobaric system have been located the phase 
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diagram is completed by the insertion of horizontal tie- 
lines connecting invariant points. That is, the phase 
diagram is fully established when the boundaries of 
homogeneous state spaces have been determined. 
Ternary Systems. A ternary isobaric system may be 


completely represented geometrically by a space model 
in the form of a triangular prism, in which the base is 
a triangle to represent composition, and the axis per- 
pendicular to the base represents temperature. A 
simple space model of this type is shown in Figure 6. 


G 














Figure 6. Space Model.of Hypothetical Isobaric 
Solid C ts Immiscible 
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The sides of the model are binary systems with eutec- 
tics at E,, E., and E;. From these points the curves 
E,E, and E.E and E;E slope downward to E, the eu- 
tectic for the ternary system ABC. These curves are 
boundaries of the bivariant (liquidus) surfaces FE, T,E:3, 
EE,T 3, and EE,T,E2, which intersect at E. 

Any point, curve, or surface in Figure 6, which as 
drawn is only schematic, may be projected perpen- 
dicularly to the base of the space model, to obtain a 
triangular diagram, as in Figure 7. Isotherms are 
introduced to show the slopes of curves and surfaces 
with reference to the temperature axis. The isotherms 
are projections of horizontal contours on the curved 
bivariant surfaces. The spacing between isotherms 
indicates the steepness of the surfaces, and it is there- 
fore possible to visualize the surfaces in the space model 
by considering the isotherms as contour lines. 

In Figure 6 it is assumed that the components A, 
B, and C are completely insoluble in the solid state. 
This simplifies projection of the space model on the 
triangular base, as there are no curves or surfaces 
above one another to be projected. Systems in which 
the components are insoluble in the solid state, or in 
which the solid state is negligible, are therefore pecul- 
iarly suited to representation in a plane diagram. An 


415 


example of this type, in which most of the solid phases 
are practically immiscible, is the system CaQ-—Al,0;- 
SiOz, Figure 8. This system was investigated by 
Rankin and Wright (5) and modified by Bowen and 
Greig (6, 7). Rankin and Wright reported that only 
the compound CaO-SiO, takes up other compounds in 
solid solution to an appreciable extent. Greig (7) 
discovered the immiscibility of two liquids in the SiO, 
region. More recently it has been found by Lager- 
qvist, Wallmark, and Westgren (8) and by Tavasci 
(9) that the compound identified as 3CaO-5Al,0; by 
Rankin and Wright actually has the composition 
CaO0-2Al,0;. This is confirmed in experiments re- 
ported by Goldsmith (10). With the exception of 
regions involving CaO-SiO, and those involving im- 
miscible liquids the diagram is generally interpreted 
with reference to equilibria between liquid and pure 
solid phases. Assuming the absence of solid solutions, 
the diagram supplies all of the information concerning 
equilibria between liquid and solid phases which is 
obtainable from a space model of the system. 

It will now be assumed that the components of the 
system in Figure 6 are partially intersoluble. The 
regions for solid solutions in the binary systems on the 
faces of the space model have been introduced in Figure 
9. The solid solutions in which A, B, and C predomi- 
nate are designated a, 8, and y, respectively. The 
regions for these solid solutions are boundaries of homo- 
geneous state spaces in the space model. The bound- 
aries in the interior are not shown in this figure, but 
are introduced in Figure 10. Interior surfaces bound- 
ing the spaces for the 6 and y phases are shaded, while 
the space for the a phase is shown in outline only. 
An exception is the interior surface bnT',r, which is 
left open to give a better view of the horizontal triangle 
abe. This triangle, which touches one-phase spaces at 
four invariant points, a, b, c, and £, is similar in signifi- 





Figure 7. Projection of Space Model in Figure 6 on Triangular 
Base. (Temperatures on Isotherms Introduced Arbitrarily.) 
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Figure 8. Phase Diagram of the System CaO-Al2.0;-SiO» (5-10) 


cance to the line rs in Figure 4. At the temperature 
of this plane (the eutectic temperature) transformations 
occur with change of heat content. For example, 
mixtures in the triangle which may be formed by 
joining a, b, and E with straight lines, are composed of 
liquid EF and solid phases a and 6 at maximum heat 
content at the eutectic temperature, and of solid 
phases a, 6, and y at minimum heat content. At 
intermediate heat contents the four phases, a, B, vy, 
and liquid EF coexist at equilibrium. In this case 
there are three heterogeneous state spaces (gaps) 
above the triangle abc and one below, corresponding 
to the two gaps above and one below the line rs in 
Figure 4. 


Surfaces in the interior of the space model in Figure 
10 are below the liquidus surfaces, EE,T,F3, EE,:T-Es, 
and HE,T,E>. In addition, there are intérior surfaces 
above and below one another. For example, the 
surface c’s’sc is below a portion of the surface cuT’,s, 
and this in turn is below a portion of the liquidus sur- 
face EE;T,E,. Thus, in a limited area projections of 
three surfaces are superimposed. The projection - is 
simplified if interest is confined to equilibria between 
solid phases and liquid, since there is then no need of 
projecting surfaces below the plane in which the tri- 
angle abc lies. However, a system of the type shown in 
Figure 10 does not lend itself to satisfactory projection, 


and is represented more clearly and completely in a 
series of horizontal (isothermal) sections. 

Certain principles applying to the space model of 
an isobaric ternary system are not only useful in draw- 
ing isothermal sections, but provide checks on the 
accuracy of the data. It is because of their applica- 
tion to testing data that they are considered here. 

With the exception of horizontal planes separating 
gaps in the space model, surfaces between gaps are the 
loci of horizontal tie-lines connecting points on uni- 
variant curves. For example, tie-lines between the 
curves at and cu in Figure 10 generate the ruled surface* 
atuc, which separates the space for the phases a and 
y from that for the phases a, y, and liquid LZ. Simi- 
larly, the ruled surface* a’acc’ separates the space for 
a and y from the space for a, 8, and y. Considering 
corresponding surfaces bounding three-phase spaces, 
it may be seen that horizontal planes passing through 
these spaces intersect the boundaries of the spaces in 
straight lines, forming triangles. Referring to iso- 
thermal sections, Marsh (4), says that “if the three- 
space regions are not triangular, then something is 
wrong either with the interpretation of the data or with 
the data themselves.”’ 

*A “ruled surface” is a surface generated by the motion of a 
straight line. The ruled surfaces in Figure 10 are each generated 
by a horizontal line moving in such a manner that it passes con- 
tinuously through two related curves in space. 
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Figure 9. Space Model of Hypothetical Isobaric Ternary System. 
Solid Components Partially Intersoluble. (Only Exterior Surfaces 
Shown in This Figure.) 


Schreinemakers (1/1) has pointed out that in a section 
through the space model of a ternary system extensions 
of boundaries of one-phase regions meeting at a point 
should either both be in a three-phase region or they 


should be in different two-phase regions. This may 
be seen in the base of the space model in Figure 10. If 
the curves t’a’ and m’a’ are extended, the extensions 
will be in the three-phase region, a + 6B + y. Ex- 
tensions of r’b’ and n’b’ are in the two-phase regions, 
a+ Band B + 7, respectively. 

The hypothetical system in Figure 10 is one in which 
the components are mutually intersoluble in the solid 
state to a limited extent, and in which transformations 
are of the eutectic type. It is only one of a large num- 
ber of possible systems involving intersolubility in the 
solid state. For example, two pairs of components 
may be partially intersoluble in the solid state, while 
the third pair may be completely intersoluble. In 
other instances there may be transformations of the 
peritectic type, or there may be immiscible liquids in 
the system. In any case, however, equilibria between 
phases of variable composition lead to the presence of 
bivariant surfaces above and below one another in the 
space model. This results in difficulty in projecting the 
curves and surfaces on the triangular base in such a way 
as to represent the system completely in a plane. 
Types of space models of ternary systems are treated 
from a theoretical standpoint in various ‘works on 
equilibria in heterogeneous systems (3, 4, 11, 12). 
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Triangular diagrams of ternary systems are generally 
incomplete, except in the simple case in which there is 
only one phase of variable composition. Because of the 
fact that it is usually not feasible to attempt a complete 
investigation of a more complex ternary system, estab- 
lishing a space model or its equivalent, various devices 
are employed to make up part of the lack. In some in- 
stances the diagram is a projection of the liquidus 
surfaces only, with symbols or shaded areas indicating 
the regions in which solid solutions were encountered 
in the course of the investigation. Another device is to 
connect by tie-lines points on univariant curves bound- 
ing liquidus surfaces with points representing the com- 
positions of solid phases with which these liquids may 
coexist at equilibrium. The latter method should be 
particularly useful when the phase diagram is to be 
applied to the study of a process in which only partial 
fusion occurs. 

Multi-Component Systems. The composition vari- 
ables in a system of N components may be represented 
geometrically in a figure of N-1 dimensions. The com- 
position variables in a ternary system are therefore 
represented in two dimensions (the triangular diagram). 
As has been shown, the introduction of another vari- 
able, temperature, leads to the necessity of using a space 
model for the complete representation of an isobaric 
ternary system. A quaternary system requires three 
dimensions for the composition variables, and these 
variables are usually represented by a space model in 
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Figure 10. Space Model of Hypothetical Isobaric Ternary System, 
with Solid Components Partially Intersoluble. (Interior Lines and 
Curves Dotted. Interior Surfaces Shaded.) 
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the form of a tetrahedron. A fourth dimension would 
be required to represent the temperature variable in a 
manner equivalent to the representation of tempera- 
ture in the space model of an isobaric ternary system. 
Since a four-dimensional space model cannot be con- 
structed, complete representation of a quaternary 
isobaric system in a space model is impossible. It is 
theoretically possible to introduce isothermal surfaces 
in the tetrahedron representing the composition vari- 
ables in such a system, but the difficulties from a prac- 
tical standpoint are so great that it is not feasible to do 
so. The intersections of isothermal surfaces with 
phase boundary surfaces are curves, and these may be 
shown on the latter surfaces. While this method fails 
to show the isothermal surfaces as such, it will give a 
fair idea of their location. Plane sections through the 
space model may show isotherms, that is, curves which 
are intersections of the plane section with isothermal 
surfaces in the model. Investigation of a quaternary 
system then involves the separate investigation of a 
series of plane sections. This plan was adopted by Lea 
and Parker (/3) in their investigation of the system 
CaO-2Ca0-Si0.-5Ca0-3Al,0;-4Ca0-Al,03:Fe203. 

The occurrence of solid solution in an isobaric quater- 
nary system introduces greater difficulties than are 
encountered in the investigation of a similar ternary 
system, since complete representation requires four 
dimensions. In some instances it may be sufficient 
to introduce tie-lines from points on univariant liquidus 
curves to the compositions of solid phases with which 
the liquids may coexist at equilibrium. In general, 
however, analytical methods are needed for adequate 
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gram then represents that particular point, not the univariant 
curve. 
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consideration of such a system. Methods of analytical 
treatment of multicomponent systems have been given 
little attention in the literature, but reference may be 
made to papers by Morey (1/4) and Dahl (16). 

Systems of more than four components require more 
than three dimensions for the composition variables 


alone. When only the liquidus in an isobaric quinary 
system is under consideration it is possible to represent 
equilibrium conditions by a series of space models in 
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the form of tetrahedra. In each of these space models 
the percentage of one of the components is constant. 
Each model may be designated by a single equation. 
For example, the equation of a space model in which 
component A is constant at 15 per cent is A = 15. 
Another plan, used by Eubank (16) is to develop tri- 
angular diagrams in which the percentages of two 
components are constant. The equations of these 
diagrams are in pairs, such as A = 0, B = 5; A = 15, 
B = 25, etc. To understand the significance of points 
curves, etc., appearing in space models or triangular 
diagrams used in this manner it is necessary to know 
the types of intersection which are made with invariant 
points, univariant curves, etc., in four-dimensional 
space. These are indicated in .the following table. 
The table refers to condensed systems of five compo- 
nents, and the vapor phase is therefore ignored. 


INVESTIGATION OF HETEROGENEOUS SYSTEMS 


A heterogeneous system is completely represented by 
a geometrical figure in which the axes are the in- 
dependent variables influencing the conditions of equilib- 
rium. The investigation of a heterogeneous system 
may be regarded as an exploration of this geometrical 
figure to determine the location of significant points, 
curves, etc. It is not proposed to present here an ex- 
haustive study of methods which may be employed in 
the investigation of heterogeneous systems. A few 
examples may serve to demonstrate that the investiga- 
tion of a system is guided by a knowledge of the prin- 
ciples involved in the construction and interpretation 
of the phase diagram or space model of a system. 
The examples cited pertain to methods and to types of 
systems with which the author is familiar, and are in- 
tended only as illustrations of the manner in which the 
investigation of a system may proceed systematically. 
To obtain a view of some of the methods which may be 
employed, let us consider the hypothetical ternary 
system in Figure 7. In this system the solid phases 
are assumed to be immiscible, and interest is confined 
to the liquidus surfaces projected on this figure from the 
space model, and to the boundaries of those surfaces. 
Liquids in the region designated as A are similar in one 
respect, that solid A is the first crystalline phase to 
appear in the normal course of crystallization. The 
region is known as the A primary phase region. Simi- 
larly, the regions designated as B and C are the primary 
phase regions for B and C, respectively. It is apparent, 
then, that the boundaries of the primary phase regions 
may be located by melting a large number of mixtures, 
and observing in each case the crystalline phase which 
first appears on cooling, that is, the primary phase. 
For example, a series of mixtures from X to P will 
have C as the primary phase, while at P both A and C 
will appear as primary phases. From P to Y the 
primary phase will be found to be A. Thus, by 
“bracketing,” point P may be located as a point on the 
univariant curve E3E. 

Another method of locating point P is to deterrnine 
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melting points on the line XY, and to plot these tem- 
peratures as ordinates against distances on the line 
XY, as in Figure 11. Let us suppose that the points 
designated by crosses in this figure represent the com- 
positions and corresponding observed melting points. 
Curves drawn through these points intersect at a point, 
locating P with reference to the line XY. In addition, 
the points designated by circles are entered on the curve 
at 10° intervals, and serve to locate intersections of the 
line XY with isotherms in the triangular diagram. 

The line XY in Figure 7 has been drawn arbitrarily 
to emphasize the fact that exploration along any 
straight line will yield data of value. It is also apparent 
that it is an advantage at any stage to choose mixtures 
which lie in a straight line. In actual practice the lines 
along which to explore are selected systematically, 
starting with lines on the boundaries of the system, 
in this case the lines AB, BC, and AC. All of the lines 
may not be selected at the outset, but they may be 
chosen as the investigation proceeds. For example, 
if it is planned to develop an incomplete phase diagram 
in which no isotherms appear, short straight lines 
crossing phase boundaries may be sufficient. In that 
case, portions of phase boundaries established at any 
given stage may give an indication of the short straight 
lines to be selected in the work which follows. 

Condensed Systems of the Refractory Oxides. In the 
investigation of systems of the refractory oxides the 
primary phase for any given composition is determined 
by the quenching method. A charge of that composi- 


tion is held for a time at a temperature slightly below 
the melting point, and then quenched by dropping 
suddenly into water or mercury. The liquid in the 
charge is cooled too rapidly to permit crystallization, 
and the primary phase is then found imbedded in the 


supercooled melt, or glass. The primary phase is 
identified by microscopic examination of the cooled 
charge. It may appear that only one determination of 
the primary phase is needed in each field, since melting 
point determinations by means of heating or cooling 
curves may serve to locate the phase boundaries. 
However, difficulties are frequently encountered in 
applying the heating and cooling curve methods, due to 
such causes as sluggish energy changes and super- 
cooling. It may then be necessary to employ the 
quenching method in the determination of melting 
peints. Charges of identical composition quenched at 
successively higher temperature wil! consist of crys- 
talline phases and glass at temperatures below the 
melting point, and glass alone at temperatures above 
the melting point. Thus the melting point and the 
primary phase for any given composition may be deter- 
mined simultaneously by this procedure. 

The quenching method is applicable when sudden 
cooling results in ‘‘freezing”’ the charge to a state iden- 
tical with the state at the temperature in the furnace 
but with the liquid converted to glass. In some in- 
stances crystallization occurs so rapidly that quenching 
fails to freeze the charge to a state corresponding to its 
state at the furnace temperature. For example, in an 
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investigation of a portion of the system CaQ-—Al,0;— 
FeO; it was found by Hansen, Brownmiller, and Bogue 
(17) that crystallization was so rapid that glasses could 
not be obtained by quenching melts, and it was there- 
fore necessary to use heating curves to determine melt- 
ing points. In a later investigation of the system by 
Swayze (18) it was found that reduction of the size of 
charge to 2 to 15 mg. led to satisfactory quenching in 
most cases, but that in a portion of the field even the use 
of 2 mg. charges failed to give satisfactory quenching. 

The choice of a method of determining melting points 
is dependent upon the characteristics of the system 
under investigation, such as the viscosity of liquids, 
rate of crystallization, etc. These characteristics may 
vary in different parts of a system to such an extent as 
to necessitate a change in method in passing from one 
part of the system to another. When both methods can 
be used they may serve as a check on one another. 

Systems with Intersoluble Solid Phases (Solid Solu- 
tions). The presence of solid solutions in a system 
introduces homogeneous (one-phase) state regions or 
spaces for the solid solutions, and also heterogeneous 
state regions or spaces (gaps), in the diagram or space 
model completely representing the system. Actual 
diagrams or space models may fail to include such 
regions or spaces, but their absencé leads to difficulties 
in interpretation. It will be assumed here that com- 
plete representation of a system is sought, within the 
range of conditions considered in an investigation. 

In the investigation of an isobaric system the range 
of temperatures considered may be that involved in the 
process of crystallization or fusion. That is, the in- 
vestigation may be concerned only with equilibria 
between solid phases and liquid. In that case, the 
occurrence of solid solution leads to the necessity of 
locating solidus curves in a binary system, or solidus 
surfaces in a ternary system. In the system shown in 
Figure 4 the solidus curves are the curves Aym, Gr, 
and B,s, which may be located by determining the 
temperatures at which liquid first appears when solid 
solutions a, y, and B, respectively, are heated. 
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Figure 12. Isothermal Section of Figure 6 at 100° 


It was mentioned earlier, in the discussion of Figure 
10, that the space model of an isobaric ternary system 
in which solid solution occurs may be represented by a 
series of isothermal sections. An understanding of the 
manner in which homogeneous and heterogeneous state 
spaces appear in isothermal sections is helpful in plan- 
ning procedures for the development of data equivalent 
to that required in the construction of a space model. 
Figures 12 to 14 are designed to illustrate conditions 
which are encountered. It is assumed in each figure 
that the liquidus surfaces are those shown in Figure 7. 
Figure 12 is an isothermal section of Figure 6, which 
represents a ternary system in which solid solution does 
not occur. The curved boundaries of the liquid phase 
region, which is designated as L, are the 100° isotherms 
in Figure 7. ‘Tie-lines to these boundaries radiate 
from the vertices representing the pure components. 
The proportions of liquid and solid at 100°, for any 
composition in a two-phase region, may be estimated 
from the tie-line passing through the composition. 
For example, a mixture of composition P is composed 
of solid C and liquid LZ at 100° in proportion to the 
lengths of the lines vP and PC, respectively. The 
composition of the liquid phase is indicated at point v. 








Figure 13. Isothermal Section of Figure 10 (100°). 
Above Binary Eutectic Temperatures 
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Figure 14. Isothermal Section of Figure 10 (60°). 
Below Binary Eutectics and Above Ternary Eutectic 


In Figure 13 the boundaries of the liquid phase 
region are the same as in the preceding figure. How- 
ever, this figure is an isothermal section of the space 
model in Figure 10, and includes sections through the 
spaces for solid phases a, 8, and y. The curve fg is 
the intersection of the surface cu7'.s, Figure 10, with 
the 100° plane. 
have a similar significance. Tie-lines across the two- 
phase regions connect liquid and solid phases capable 
of coexisting at equilibrium at 100°. Extensions of the 
tie-lines do not necessarily pass through the vertices of 
the triangle. The compositions of liquid and solid 
phases at 100°, and their proportions, may be estimated 
for any composition in a two-phase region from the 
tie-line passing through the composition. For example, 
a mixture of composition P is composed of the y phase 
and liquid in quantities proportional to the lengths of 
the lines vP and Pu. In this system there would be 
little error in drawing tie-lines to pass through the 
vertices when making such estimates, but in many 
systems it is necessary to locate tie-lines experimentally 
in sufficient number to permit accurate interpretation 
of the diagram. 

At temperatures below the binary eutectics but above 
the ternary eutectics an isothermal section of the space 
model in Figure 10 is of the type shown in Figure 14. 
In this figure the curved boundaries of the liquid phase 
region are the 60° isotherms in Figure 7. The relation 
of the regions for solid solutions a, 8, and y to the space 
model may be seen by considering the boundaries of 
the y region. The curve f’g’ is a section of the solidus 
surface cu7’s in Figure 10, at a lower level than the 
corresponding curve fg in Figure 13. The curves af’ 
and g’b are sections of the surfaces c’w’uc and c’css’, 
respectively, in Figure 10. The regions in which two 
solid phases appear are solubility gaps or, since they 
refer to solid phases, they may be referred to as mis- 
cibility gaps. In addition to these regions there are 
regions in which three phases, one liquid and two solid, 
are indicated. It will be noted that heterogeneous 
state regions—that is, regions in which more than one 
phase is indicated—are separated from one another by 
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straight lines. As a result, the three-phase spaces are 
always triangular. Advantage may be taken of this 
fact when exploring a system, since only two points 
are required to establish the location of a straight line. 

The heterogeneous state spaces (two or three phases) 
are established when the boundaries of homogeneous 
state spaces have been determined. It may therefore 
appear to be unnecessary to locate heterogeneous state 
spaces experimentally. However, the fact that three- 
phase spaces are triangular provides a means of locating 
significant points in the boundaries of the spaces for 
solid solutions, such as points f’ and g’ in Figure 14. 
To illustrate, let us consider the triangle f’Pf’’ in this 
figure. Point P has been located by melting point 
determinations establishing the isotherms on the liqui- 
dus (Figure 7). Explorations may be conducted with 
compositions along the line RS. In this exploration 
the quenching method or the heating curve method 
may be employed to determine temperatures at which 
changes occur in the number of phases present. A 
vertical section of the space model is obtained by plot- 
ting these temperatures against composition on the line 
RS. The curves in the vertical section, in the range of 
temperatures between the ternary eutectic and the 
lowest binary eutectic, will separate regions corre- 
sponding to those crossed by the line RS in Figure 14. 
The 60° point on the curve between the regions a + 
and L + a+ locates point m in Figure 14, while the 
60° point on the curve between the regions L + a+ vy 
and L + 7 locates point n. A similar exploration along 
the line R’S’ locates points m’ and n’. Upon drawing 
the straight lines Pn, Pn’, and mm’ to their intersec- 
tions, points f’ and f” are located. Similar treatment 
of other isothermal sections will locate successive 
points on the univariant curves cu and cs (Figure 10), 
which are edges of the y space, and will also locate 
corresponding edges of the a and 6 spaces. 

A ternary isobaric system in which the components 
are mutually soluble to a limited extent in the solid 
state, apd in which the sides of the space model are 
binary systems of the eutectic type, has been selected 
to illustrate the problems involved in investigating 
systems in which solid solution occurs, and to suggest 
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methods of attack. Other types of ternary systems 
have not been discussed, but these are treated in detail 
in various works on the subject (3, 4, 11, 12). In 
dealing with more simple systems it is sometimes 
possible to show in a single triangular diagram the iso- 
therms of liquidus surfaces and the boundaries of three- 
phase regions at successive temperatures. This form 
of treatment was adopted by Bowen (19) in his investi- 
gation of the system diopside-anorthite-albite. In this 
system the albite and anorthite form a complete series 
of solid solutions (plagioclase), while diopside is not 
miscible with either of these components. 
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SMALL-SCALE EXPERIMENTS FOR THE OR- 
GANIC CHEMICAL LABORATORY 


Liarration of laboratory space and facilities has in the 


Preparation and Isomerization of 
Levo-Menthanone 


GEORGE F. WRIGHT 
Uhiversity of Toronto, Toronto, Canada 


tion to a diastereomeric mixture of levo-menthanone 





past made it necessary that experiments in the ele- and deztro-isomenthanone. This has been adapted from : 
mentary organic chemical laboratory of this university a known procedure? with little modification. 
be carried out on a small scale. Advantage has been The physical constants of levo-menthanone (m. p.—7° I 
taken of this limitation by introduction of experiments C.; b. p. 210°C.; |[aJ]p—25.55°; ni} 1.4495; 36 t 
which accentuate principles rather than techniques. 0.8937) and deztro-isomenthanone (m. p. ca.—35°; \ 
A wide variety of such experiments is possible when b. p. 212°; [a]p +85.1°; nj 1.4530; d26 0.902) g 
small-scale procedures are used because cost of chemi- have been reported*® and the recent opinion expressed‘ 0 
cals becomes less of a factor in choice of the experi- that menthanone has the methyl and isopropyl in t 
ment.} trans relationship with respect to the ring while iso- t 
A typical example is presented here as the oxidation methanone has these groups in the cis relationship. C 
of levo-menthol to levo-menthanone and its isomeriza- This has been used in the present paper. The con- 0 
a 
7 
H CH, 0 x Om a cas b 
> 4 ye! We ‘c E 
% ems ' 
H.C” CH: H.C CH: He CH, HC CH; 
| H.2Cr.0; | | | tl 
H os ti 
4 HSO, | HSO, | + 
H.C C —> H.C C=0———————>. H. C= H.C C=0 
*S yor i Me hii fe 
C OH Pix Mas ae 
H Ip H Ip H Ip H Ip 
levo-menthol levo-(ll)-menthanone Ul ld 
| semicarbazide semicarbazide 
Mixture 
H CH; Ul and ld 
bl menthanone 
2. ree 
Me m, p. U, 189° 
H.C sl CH, m. p. ld, 164° 
| 
| 
(Ip = Isopropyl) H.C =NNHCONH:2 
C. 
Ae, 
H Ip 


levo-(ll) mentha none semi¢arbazone 





1 The author does not mean to imply that a laboratory course 
based entirely on small-scale experiments is superior or even as 
good as one wherein larger amounts of material are manipulated. 
Indeed the unavoidable use of small-scale procedures over 12 
years in this laboratory has shown that the student does not gain 
the skill in the organic chemical laboratory that 0.1-1 mol 
preparations will give him. 
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figurational designations are entirely arbitrary but were 
chosen on the basis of enantiomeric superposition. 





2? BECKMANN, E., Ann., 250, 322 (1889). 

3’ Meyer, V., AND P. Jacosson, ‘‘Lehrbuch der Organischen 
Chemie,” 3rd ed., Vol. 2, 1902, Part I, p. 891. 

4 ZEITSCHEL, O., AND H. Scumipt, Ber., 59, 2298 (1926). 
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In the experimental procedure which is outlined here 
the recognition of the diastereomeric forms does not 
arise from a consideration of these physical constants. 
Indeed (perhaps fortuitously from the pedagogical 
point of view) they are misleading since the specific 
optical rotation of the equilibrated isomers in ethanol at 
20°C. is almost exactly (+28°) the opposite of that for 
an ethanol solution of pure levo-menthanone at the 
same temperature (—28°). The oil with positive rota- 
tion does, however, form a mixture of semicarbazones. 
This is shown by the wide range and the lowering of the 
melting point as contrasted to that of the relatively 
pure semicarbazone which is obtained from the levo- 
rotatory menthanone. 


PROCEDURE FOR THE STUDENT 


Weigh into a 125-ml. Erlenmeyer flask 4.9 g. of 
potassium dichromate and add to this a solution of 2.2 
ml. (not more) of concentrated sulfuric acid in 24 ml. of 
water. To this chromic acid solution at 42°C. add with 
strong agitation 3.6 g. of finely ground’ levo-menthol 
over a five-minute period. During this period the 
temperature should be increased to 47°-48°C. with a 
hot water bath. Continue shaking or swirling, observe 
color and phase changes, and raise the temperature to 
55°-57°C. After some time, depending on the vigor of 
agitation, the precipitate liquefies completely to an oil. 
This marks the end of the reaction. After the mixture 
has cooled to 30°C. pour it into a separatory funnel, 
rinse the flask with ether, and successively extract the 





5 In view of the cost of levo-menthol it is advisable to grind 
this material prior to use or else to leave a common mortar close 
to the balance. 
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aqueous suspension with one 20-ml. portion and two 
10-ml. portions of ethyl ether. Combine the ether 
extracts in a separatory funnel and wash once with 10 
ml. of 5% aqueous sodium hydroxide and twice with 
5-ml. portions of water. Transfer to a clean dry 50-ml. 
Erlenmeyer flask and add a threefold excess (considering 
solubility of water in ether) of anhydrous sodium sul- 
fate. Let stand in refrigerator overnight, or stopper, 
chill, and shake vigorously for 10 minutes. 

Equip the microdistillation tube’ (Figure 1) by 
means of a No. 0 rubber stopper, with a tube, B, 4 to 5 
mm. in diameter, 100 mm. in length. This tube should 
be drawn at one end to a capillary so fine that one can 
just blow a thin slow stream of air through it when the 
tip is immersed in ether. The tip should reach to the 
bottom of the distillation tube. The opening C should 
be equipped alternatively with a small dropping fun- 
nel by a cork stopper or a thermometer with a rubber 
(No. 00) stopper. A rubber tube and pinch clamp, A, 
should close the upper end of B. 

Add a chip of porous tile to the distillation tube and 
then filter the menthanone solution into the dropping 
funnel. Immerse the bottom of the distillation tube 
into a beaker containing saturated aqueous sodium 
chloride solution, heat to 50°C. and “‘flash off” the 
ether by dripping in the solution from the separatory 
funnel at such a rate that the addition and distillation 
are equivalent in liquid volume so that the ether does 
not accumulate in the still. Cool the side arm by hang- 
ing on it a filter paper on which a stream of water is 
played, but attach a rubber tube to the receiver outlet 





6 Now available from John’s Glass Co., Toronto, Ontario, 


120mm. 
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so that vapors which may escape this inefficient con- 
densation may be led safely toward the floor. Collect 
the ether distillate from the receiver with a pipette until 
no more distills when the bath has reached 90°C. 

Connect the exit side arm, via a manometer, to a trap 
with stopcock release and thence to the aspirator pump. 
Under a vacuum of 10 to 20 mm. the menthanone will 
distill as the bath is heated to the boiling point. Record 
distillation temperature and pressure and weigh the 
distillate; for determination of levo-menthanone yield, 
in a tared 25-ml. volumetric flask. Note odor and taste 
as compared with menthol. Dilute to 25 ml. with 
ethanol and determine the specific rotation of your 
menthanone in a 20-mm. polarimeter tube. 

Dilute 5 ml. of the solution which has been examined 
for optical rotation with ethanol to a menthanone con- 
centration of 4 g. per 100 ml. of solution. Add to this a 
solution consisting of 2 equivalents of semicarbazide 
hydrochloride and 2 equivalents of 5% aqueous sodium 
hydroxide. Adjust the pH of the resulting solution to 
5.2 to 5.4 (bromcresol green paper) and let stand over- 
night. Filter the semicarbazone by suction and wash 
with water. When coagulation in the filtrate is com- 
plete filter separately the remainder precipitated by the 
wash water. Dry in air, weigh for yield of semicar- 
bazone, and determine melting points of both frac- 
tions. 

Dilute the remainder of the ethanol solution used for 
rotation measurements with 80 ml. of water. Extract 
this diluate with one 20-ml. and two 10-ml. portions of 
ether. Combine the ether solutions, wash with 15 ml. 
of saturated aqueous calcium chloride solution, dry 
with solid anhydrous calcium chloride, and flash off the 
ether as before, but do not distill the residue. 

This recovered menthanone is isomerized as follows: 
make up a solution of 10 g. conc. sulfuric acid and 1 g. of 
water in a 25-ml. Erlenmeyer flask. Freeze by immer- 
sion in a mixture of salt and finely ground ice (or with 
dry ice if available). Now pour from the weighed 
distillation flask all of the recovered menthanone. The 
isomerization flask is agitated in order to dissolve the 
menthanone in the slowly melting acid. After com- 
plete solution the temperature is raised to 30°C. An 
equal weight of ice is added slowly. The resulting 
aqueous suspension is extracted twice with 10-ml. por- 
tions of ether. The combined ether extracts are dried 
by shaking several minutes with a threefold excess of 
anhydrous magnesium sulfate. After “flashing off”’ 
the ether the isomerized menthanone is vacuum dis- 
tilled as before. : 

Judge the volume of your distillate to decide the ap- 
proximate magnitude of your yield. Keep in mind the 
requirement that this distillate must yield its semicar- 
bazone under exactly the same conditions of concen- 
tration which were used for the original levo-men- 
thanone. On this basis you must decide whether to 
transfer this distillate into a 15-ml. or a 25-ml. volu- 
metric flask. Determine the yield; then dilute with 


ethanol to the appropriate volume and determine the 
specific optical rotation. Withdraw a 5-ml. aliquot and 
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prepare the semicarbazone exactly as before. Transfer 
the remainder of the ethanol solution to the laboratory 
accumulation bottle. Compare the yields and melting 
points of the fractions of semicarbazones from the 
original and isomerized menthanones. Crystallize the 
combined semicarbazone fractions from each of the 
original and isomerized menthanones using boiling 
ethanol (20 ml. per gram) as the solvent. Compare re- 
covery and melting point. Turn in these purified semi- 
carbazones to the supervisor. 


QUESTIONS FOR THE STUDENT 


1. Why was an excess of oxidizing agent used over that 
required stoichiometrically for conversion? 

2. Describe an experimental procedure for evaluation of the 
amount of oxidizing agent to be used with a compound which 
has not been reported as having previously been oxidized. 

3. Why was not sufficient sulfuric acid used to form chromic 
sulfate at the end of the oxidation? 

4. Write a configurational flowsheet describing the oxidation, 
isomerization, and semicarbazone formation. 

5. The rotation of /d-menthanone (isomenthanone) is [a]?> 
+96 in ethanol, while that of ll-menthanone (levo-menthanone) 
is —28°. On the basis that optical rotatory power is an additive 
function calculate the ratio of diastereomers in your isomerization 
mixture. Compare this ratio with that which you can evaluate 


on the basis of your yields of crude and purified J/-menthanone. 


semicarbazones. 

6. If your isomerization with sulfuric acid were not complete 
(to equilibrium) a rotation of zero might have been obtained. 
Explain the significance of this rotation. 

7. If you had isomerized with hot aqueous alkali rather than 
with cold sulfuric acid your observed rotation would have been 
zero. What relative amounts of the two diastereomers would 
you have obtained? 

8. Explain the construction and operation of the polarimeter 
and name five factors which influence the observed rotation of a 
solution of a given pure optically active compound. 


In this laboratory the experiment requires four three- 
hour laboratory periods for its completion. It is de- 
signed to teach a knowledge of oxidation, tautomeric 
isomerization, diastereomeric and enantiomeric stereo- 
chemistry, and polarimetry to students majoring in 
science in their third year of college chemistry. The 
data are compiled from the records of 250 students over 
five years. 

When the experiment is carried out properly the 
levo-menthanone yield is 85%; afew students obtain an 
80% yield but the average is 53.5%. The boiling point 
varies between 80° and 90°C. under ordinary water- 
pump vacuum. The specific optical levo-rotation of this 
material averages 24.2° with a high value of 31° and a 
low value of 10°. The high yield of isomerized men- 
thanones is 80% but low values down to 14% reduce 
the average to 63.5%. The specific optical dextro-rota- 
tion of this diastereomeric mixture averages 22.6° with a 
high value of 34° and a low value of 4°. 

The yield of crystallized semicarbazone from levo- 
menthanone averages 60% (high 98%, low 20%) with 
an average melting point of 184.3°C. (high, 189°: 
low, 180°), while the melting point of the crude ma- 
terial averages at 175°. On the other hand, the once- 
crystallized yield of semicarbazones from the isomerized 
mixture of diastereomers averages 36.5% (high, 98; low 
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3) and the average melting point 170.5°, but the average 
melting point of the crude is 153°. Each semicar- 
bazone has been isolated in two fractions to illustrate 
to the student that the derivative of dextro isomentha- 
none is more soluble in ethanol and ethanol-water than 
that of the levo menthanone. The true melting point of 
ll-menthanone semicarbazone is 189° while that of 
/d-(iso) menthanone semicarbazone is 164°. 

The student is personally examined over about 30 
minutes on the basis of the questions which occur at the 
end of the experiment. He is expected to show the 
examiner the stereochemical changes which occur by 
means of structural models consisting of multicolored 
balls, 1/2 inch in diameter drilled symmetrically with 1, 
2, 3, or 4 holes and which may be connected by means of 
flexible springs.® 

The student frequently does not at first appreciate the 
reluctance on the part of organic chemists to write 
stoichiometric equations to describe organic chemical 
phenomena. Question 1 is suggested to make him 
realize that the amount of oxidizing agent required for 
maximum yield must not only include that stoichio- 
metrically required for the simple main reaction but also 
that considerable and unavoidable amount consumed 
in oxidation of by-products to small fragments. On 
this basis he should then realize, through question 2, 
that employment of the stoichiometric amount of 
oxidizing agent will usually necessitate a separation 
from unchanged starting material. 

The minimal use of acid, which the student explains 
in question 3 as a device for reducing the tendency to- 
ward isomerization of the levo-menthanone which is 
formed during the oxidation, should make clear to him 
that valence change (or electron loss) in the oxidizing 
agent is more significant than the inorganic end product 
of the reaction. 

Questions 4 and 5 are reviewed with the structural 
models while the concept of optical rotation as an ap- 
proximately additive property is impressed so that the 
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student should realize from his demonstration that the 
isomerization and racemization cannot be expressed 
specifically in terms of one molecular model. The 
concept of additivity is, of course, also expressed in a 
description of the incomplete isomerization described 
from question 6. 

The distinction between enantiomeric and diastereo- 
meric stereoisomers can be expressed in question 7 in 
comparing the acid isomerization (which affects only 
the hydrogen on the isopropylmethylene group adjacent 
to the carbonyl group) with the alkaline isomerization 
which affects both asymmetric centers. The greater 
effectiveness of alkali over acid in isomerization of 
C—C=C allylic systems as contrasted with C—C—=O 
methylenecarbonyl systems is likewise expressed here. 
The student will find during his model demonstration of 
the alkaline saponification that a Walden Inversion 
must occur, and this can be related to the comparison 
between acid and alkali as isomerizing agents. 

Many textbooks describe racemization of a com- 
pound such as menthanone, with two asymmetric 
centers as “leading to four optical isomers.”” It has been 
found that the student implies from this statement that 
the four stereoisomeric forms in such a racemized mix- 
ture are present in equal amounts. 

Since this is obviously untrue from the thermody- 
namic standpoint and is contrary to practical experience 
reference to “four optical isomers” is discouraged. The 
student is persuaded to say that racemization results in 
a diastereomeric mixture (necessarily not in equal 
amounts since the energy contents of the diastereomers 
are different) in which each diastereomer comprises equal 
amounts of its enantiomeric forms. 

Question 8 is obviously a review of knowledge passed 
to the student in his prerequisite courses in physics, but 
it has been used here, together with the structural 
models, to give the student the qualitative significance 
of the theories of optical rotatory power.’ 

7 Notter, C. R., J. Cem. Epuc., 24, 600 (1947). 
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@ THE 1947-1948 COLLEGE CHEMISTRY TESTING 
PROGRAM’ 


T ue construction of objective type tests for courses in 
college chemistry began as a cooperative project of the 
Committee on Examinations and Tests of the Division 
of Chemical Education and the American Council on 
Education through its Cooperative Test Service. The 
first report of scores made by students in the various 
colleges taking the first test was recorded in 1935 in the 
Educational Record (1). This report took the form of 
abbreviated percentiles for the chemistry test, since the 
number of participating schools was small and the re- 
sults therefore not very valid. In 1937 a more complete 
report was made by the Committee on Examinations 
and Tests based upon the 1936 Cooperative Chemistry 
Tests. For a time yearly reports were made available 
to teachers of college chemistry through the medium of 
the JoURNAL OF CHEMICAL EpucaTion. The heavy 
demands made upon the time of chemistry teachers 
during and following the war years caused the publica- 
tion of norms to be neglected. 

For a time the General Chemistry tests were the only 
tests included in the program. With a growth of in- 
terest in the construction of reliable, comprehensive, 
objective type examinations, new tests were added to 
the program. The 1940 College Chemistry Testing 
Program included provisional forms P and Q of the 
Qualitative Analysis Test. The first test in Organic 
Chemistry was published in 1942. In 1943 the Com- 
mittee on Examinations and Tests in cooperation with 
the Examination Staff of the United States Armed 
Forces Institute prepared tests in Quantitative Analysis 
and Physical Chemistry in addition to the tests in the 
fields for which examinations were available. Prepa- 
ration of tests in Quantitative Analysis and Physical 
Chemistry for USAF led to the construction of parallel 
forms for civilian use. In addition, a test in Biochem- 
istry was constructed and made available to the pro- 


fession. 
THE 1948 TESTS 


The Committee on Examinations and Tests of the 
Division of Chemical Education, in cooperation with the 
Educational Testing Service, made available to the 
teachers of college chemistry courses the following 
forms of the tests for use in May and June, 1948. 


1. A. C.8. Cooperative General Chemistry Test, Form 1948. 
2. A.C.S. Cooperative Chemistry Test in Qualitative Analy- 
sis, Form Y. 





1 A report of the Publications Subcommittee of the Committee 
on Examinations and Tests, Division of Chemical Education. 


K. C. KING and W. J. L. WALLACE 
West Virginia State College, Institute, West Virginia 


3. A. C. S. Cooperative Chemistry Test in Quantitative 
Analysis, Form Y. 

4, A.C. 8. Cooperative Organic Chemistry Test, Form W 
(Revised 1948). 

5. A.C. 8. Cooperative Physical Chemistry Test, Form W. 

6. A.C. 8. Cooperative Biochemistry Test, Form X. 


These tests were prepared in the usual way as de- 
scribed previously (2). It is significant to note at this 
point that a larger number of teachers and institutions 
participated in the construction of the new forms of 
those tests for which new forms have been prepared 
than in the previous year. This is an evidence of in- 
creasing interest on the part of teachers in making con- 
tributions to the testing program and inevitably will re- 
sult in tests that are satisfactory and adequate to an 
increasing number of institutions. 

It is interesting to note that the 1936 General Chem- 
istry Tests differ considerably from Form 1948. Three 
different forms were available in 1936. These included 
sections on: 

Selection of facts and techniques. 
Formulas, equations, problems. 
Interpretation of experimental data. 
Application of principles. 
Terminology. 

Selection of facts. 


Form 1948 consists of five parts: Part I, General 
Knowledge and Information; Part II, Application of 
Principles; Part III, Quantitative Application of 
Principles; Part IV, Scientific Method; and Part V, 
Laboratory Technique. These changes have occurred 
as a result of the participation of a large number of 
persons in the construction of the tests and the inevi- 
table evolution which takes place with time and thought. 

The members of the Committee on Examinations and 
Tests have been alert to improve the techniques used 
in constructing the tests. Through various subcom- 
mittees, each of which is composed of persons interested 
in some particular test, items to be examined for in- 
clusion in the test are assembled. Interested teachers 
the country over are requested to send in appropriate 
items. Thus a much larger number of persons contrib- 
ute to the collection of items. These items are anal- 
yzed for ambiguity of phrasing, for importance of 
subject matter, difficulty, objectivity, and validity, 
since trial examinations are first prepared and used by 
the cooperating schools. Here the Educational Testing 
Service renders valuable technical advice and facilities. 
The cooperation over a period of years and the co- 
ordination of the work of the Committee and the Educa- 
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tional Testing Service has been a developing process. 
Thus it is safe to assume that the tests now constructed 
are much more useful and reliable than formerly. 
Similar changes can be noted in the different forms for 
the other tests for which two or more forms have been 
constructed. 

Table 1 indicates the growing popularity of the tests 
after a period during the war years in which the sale of 
test booklets diminished sharply. The number of in- 
stitutions submitting results in 1948 and thus partici- 
pating more actively in the program was greater than 
in any previous year. The list of colleges and universi- 
ties playing active roles in the 1948 program include 
small and large institutions, colleges and universities on 
the A. C. 8. approved list for training chemists and 
those that are not on this list, state and privately sup- 
ported institutions; in short, educational institutions 
of all descriptions. This wide interest in the program is 
almost a certain indication that a greater clarification is 
taking place among chemistry teachers and a closer 
agreement is being reached as to the basic elements of 
chemistry instruction. As information accumulates at a 
rapid rate authors of textbooks and college chemistry 
teachers have the increasingly difficult task of choosing 
that material that should be retained. 











TABLE 1 
The College Chemistry Testing Program—1936—48 
No. of colleges 
Submitting No. of tesis 
Year Participating results Purchased 
1936 105 39 ears 
1937 290 162 15,066 
1938 275 149 17,351 
1939 287 169 19,287 
1940 289 180 21,147 
1941 295 164 17,601 
1942 261 158 17,609 
1943 112 73 5,249 
1944 161 46 7,878 
1945 91 40 4,535 
1946 34 29 2,095 
1947 121 58 17,800 
1948 244 216 35,725 





As noted previously, one of the responsibilities as- 
sumed by the Committee on Examinations and Tests 
and the Educational Testing Service of New York is the 
publication of National Norms and other statistical 
data for the purpose of making easy comparisons be- 
tween the achievement of students in different classes 
in the same institution and the achievement of students 
in classes in different institutions. As a rule in the past 
these data have been published in Tuts JouRNAL (3-9). 

Table 2 gives the national percentiles for Form 1948 
of the General Chemistry Test with sampling indicated 
in the table. The percentile norms are derived from the 
test scores made by 1639 students in 78 institutions. 
For the benefit of those teachers who are not familiar 
with the terminology, a percentile may be described as 
a point on a 100 point scale which gives the percentage 
of scores which fall above or below that particular 
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point. Thus, if a student’s score is located at the 25th 
percentile his score has exceeded one fourth of the scores 
made by the students taking the test and has been ex- 
ceeded by three fourths of the students taking the test; 
a student whose score places him at the 80th percentile 
has exceeded 80 per cent of the students taking the test 
and has made a score lower than that made by 20 per 
cent of the students taking the examination. 





TABLE 2 
A. C. S. Cooperative General Chemistry Test—Form 1948 
College Norms* 


Part Part Total Total 
IV V (1-4) (1-5) 





Per- Part 


Part Part 
centile I II II 





80 14 18 14 18 9 60 67 
75 12 16 13 17 9 56 63 
65 11 14 12 15 7 49 56° 
50 8 11 10 13 6 42 48 
40 7 9 8 11 5 37 43 
25 5 6 q 9 4 29 33 
20 4 5 6 8 3 26 30 
10 2 3 4 6 2 19 22 
5 a 1 3 4 1 15 17 


* Based on data for 1639 cases drawn systematically from 6556 
cases for which returns were submitted. All subjects included had 
completed two semesters of study. 








TABLE 3 
A. C. S. Cooperative Chemistry Test in Qualitative 
Analysis—Form Y 
College Norms* 








Percentile Part I Part IT Part IIT Total 
95 39 50 47 131 
90 36 45 42 121 
80 33 39 35 104 
75 31 37 32 97 
65 29 32 27 85 
50 26 24 21 71 
40 23 20 17 63 
25 19 12 11 51 
20 17 10 10 46 
10 12 3 6 34 

5 9 es 3 24 


* Based on data for 738 students from 12 colleges and univer- 
sities. All students had completed one semester of study. 








TABLE 4 
A. C. S. Cooperative Chemistry Test in Quantitative 
Analysis—Form Y 
College Norms* 








Percentile Part I Part IT Total 
95 42 46 85 
90 38 41 77 
80 34 34 66 
75 32 32 61 
65 28 27 55 
50 24 22 46 
40 21 18 40 
25 17 14 32 
20 16 12 30 
10 12 8 24 

5 9 5 18 


* Based on data for 1038 students from 22 colleges and uni- 
versities. All students were tested at end of one semester of study. 
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TABLE 5 
A. C. S. Cooperative Chemistry Test in Organic Chemistry—Form W (Revised) 
College Norms* 
Per- Sect. Sect. Sect. Part I Sect. Sect. Sect. Part II Total 
centile A B C (A, B, C) D E F (D; E, F) (PartsI and II) 
95 33 23 10 60 32 23 9 59 bys 
90 28 19 7 50 28 19 6 49 96 
80 24 15 5 40 25 15 4 41 79 
75 22 14 4 37 24 14 3 39 74 
65 19 12 2 33 22, 12 2 35 66 
50 16 10 1 28 19 10 A 29 57 
40 14 9 es 25 17 8 27 52 
25 12 6 20 14 6 22 44 
20 11 6 19 13 5 20 41 
10 8 4 re 15 10 3 ms 15 33 
5 6 2 ats 11 8 1 ‘ 11 27 


* Based on data for 1039 students from 25 colleges and universities. All students had completed two semesters of study. 








TABLE 6 


A. C. S. Cooperative wages i Test in Physical Chemistry 
—Form 


College Norms* 








Per- Part Part Part Part Part Per- 
centile I if UI IV v Total centile 

95 9 9 10 9 10 42 95 
90 8 8 9 ff 8 37 90 
80 a 7 8 6 7 31 80 
75 6 6 8 6 Z 29 75 
65 5 6 7 5 6 26 65 
50 4 5 6 3 5 22 50 
40 3 4 5 - 4 20 40 
25 1 3 4 1 3 15 25 
20 1 3 3 1 3 13 20 
10 bg 1 2 a 1 10 10 

5 0 1 1 7 5 


* Based on data for 319 cases from 22 colleges and universities. 
All students were tested at end of two semesters of study. 





The percentiles are given by parts in order that the 


results may be used for diagnostic purposes as well as’ 


for comparison. The many other uses to which these 
examinations can be put have been discussed in pre- 
vious publications (2, 5-8). Note also that for this 
examination the percentiles are given for total scores on 
the first four parts as well as for all five parts since some 
teachers may not wish to use Part V on laboratory 
technique. 

Tables 3 through 7 give the College Norms for the 
other tests. 








TABLE 7 
A. C. S. Cooperative Chemistry Test in Biochemistry— 
- Form 
College Norms* 
Percentile Part I Part IT Total Percentile 

95 52 37 86 95 
90 49 34 82 90 
80 44 31 75 80 
75 42 29 71 75 
65 39 26 65 65 
50 35 22 57 50 
45 34 21 55 45 
40 32 20 53 40 
25 26 18 45 25 
20 24 i7 42 20 
10 20 14 35 10 

5 18 1l 31 5 


* Based on data for 76 students from two institutions. All 
students had completed two semesters of study. 





These norms were computed and furnished to the 
Subcommittee by the Educational Testing Service. 
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LECTURE DEMONSTRATIONS IN ELEMENTARY 


ORGANIC CHEMISTRY’ 


DEMONSTRATION APPARATUS 


Apparatus Illustrating Separation by Distillation. To 
demonstrate separation by distillation an apparatus is 
used in which a multiple thermocouple replaces the usual 
thermometer. It is connected to a millivoltmeter hav- 
ing a large scale visible to the whole class. The mixture 
distilled is 10 ml. of ethanol (b. p. 78°C.) and 10 g. of 
azobenzene (b. p. 298°C.). It is easy for the class to 
see the change in temperature when the different frac- 
tions distill. The volumes are kept small to permit 
completion of the experiment in a short time. The 
difference in the properties of the two fractions is visible 
readily to the class. 

Surprisingly, the ethanol distillate is strongly colored 
yellow. In spite of the wide difference in boiling point 
some azobenzene distills with the alcohol. About half 
of the azobenzene is carried over with the alcohol by 
entrainment, but about half is carried over because of 
the vapor pressure exerted by the azobenzene. This 
fact can be demonstrated readily by placing a wad of 
glass wool in the neck of the distilling flask. 

The yellow alcohol distillate can be used to demon- 
strate purification with adsorbent charcoal, since shak- 
ing with Norite and filtering gives a colorless filtrate. 

Free Radical Formation. A colorless solution of tri- 
phenylmethy] chloride in dry benzene was shaken with 
zine dust. Decantation gave a yellow solution. When 
a portion of the yellow solution was shaken with air the 
solution was decolorized, but on standing the color re- 
turned because of the dissociation of more hexaphenyl- 
ethane. The process was repeated several times until 
white triphenylmethyl peroxide precipitated and the 
solution no longer turned yellow. 

The preparation of sodium benzophenone ketyl was 
described. The apparatus consists of a flask having a 
ground-glass stopper sealed to a stopcock and small 
funnel. Sodium and toluene are placed in the flask and 
after all of the air has been expelled by boiling, the stop- 
cock is closed and the sodium is powdered by shaking 
and cooling to room temperature. A solution of benzo- 
phenone in absolute ether is admitted through the stop- 
cock, care being taken to exclude air. A deep blue 

solution of the metal ketyl forms. On admitting air 
the color is immediately destroyed. 

Carbonium Ion Formation. If a minute quantity of 





1 Presented at the Symposium on Lecture Demonstrations be- 
fore the Division of Chemical Education at the 115th theeting of 
The American Chemical Society in San Francisco, March 27 to 
April 1, 1949. 
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triphenylcarbinol is dissolved in concentrated sulfuric 
acid a yellow solution of the triphenylmethonium ion is 
formed which is almost indistinguishable from that of a 
solution of triphenylmethyl in benzene. If diphenyl- 
a-naphthyl-carbinol is dissolved in sulfuric acid the 
color formed is dark green, because of the increased 
resonance. The same green color is produced by adding 
the carbinol to a solution of aluminum chloride or zinc 
chloride in nitrobenzene, or of boron trifluoride in ether, 
indicating that all of these reagents have electron- 
accepting properties like the proton. 

Carbanion Formation. To a solution of potassium 
amide in liquid ammonia is added a small amount of 
triphenylmethane. The solution turns red because of 
the formation of triphenylmethide ion. 

Vat Dyeing. White cotton cloth immersed in a solu- 
tion prepared by reducing indigo with sodium hydro- 
sulfite and alkali was yellow as long as it was kept in the 
stoppered containers. When the cloth was withdrawn 
it rapidly became blue because of oxidation by the air to 
indigo. 

White cotton cloth immersed in a reduced solution of 
flavanthrene yellow was a deep blue in color but on 
exposure to air slowly changed to a golden color. Be- 
sides illustrating vat dyeing, the experiment demon- 
strates that, in the case of indigo, resonance is less in 
the reduced form of the dye than in the oxidized form, 
while in the anthraquinone vats the reverse is true. 

Developed Dyeing and Diazo-type Dyes. Cotton cloth 
was direct-dyed with primuline, a yellow dye that con- 
tains armomatic amino groups. These groups were 
diazotized on the cloth by immersing it in a solution of 
nitrous acid. A portion of the cloth was exposed to the 
light of a photoflood lamp for one minute and then the 
cloth was immersed in an alkaline Solution of 8-naph- 
thol. The portion of the cloth not exposed to light 
turned deep red, illustrating the process of developed 
dyeing. The portion exposed to light remained yellow 
because the diazonium salt had been decomposed by 
the light, illustrating the principle of diazo-type papers. 

Models of Enantiomorphic Crystals. Large-scale 
models of inactive, dextro, and levo ammonium acid 
malate were shown. Models of this salt are preferred to 
those of the classical sodium ammonium tartrate be- 
cause of the relative simplicity of the crystal forms and 
the resulting ease of distinguishing the hemihedral 
facets in the active forms. 

Models of Atomic and Molecular Orbitals. To demon- 
strate the value of improvising in devising illustrative 
material, models of p-orbitals and sp, sp”, and sp* hybrid 
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orbitals made from old tennis balls were shown. Slides 
were shown of models of ethylene and acetylene made 
from rubber balloons to demonstrate o and 7 molecular 
orbitals in these molecules. 

Other pieces of apparatus demonstrated were a model 
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illustrating Walden inversion (THIs JouRNAL, 24, 277 
(1947)) during substitution reactions, and a device to 
be used in connection with a Delineascope for illustrat- 
ing optical activity and rotatory dispersion (Tuts 
JOURNAL, 26, 271 (1949)). 


& LECTURE DEMONSTRATIONS’ 


FLOTATION 


The process of flotation may be demonstrated in a 
simple but effective manner by the use of large glass 
test tubes. 

Galena, ground in a mortar and pestle to approxi- 
mately 60 mesh, and a white sand of similar particle 
size are mixed together to give a synthetic 10% galena 
ore. A water slurry of this ore containing 25% solids 
by weight is placed in three 38- X 300-mm. test tubes. 
Nothing is added to the first tube. To the second and 
third tube is added 0.1 g. of potassium pentasol xan- 
thate. To the third tube, in addition to the collecting 
agent, is added one-half drop of pine oil as a frothing 
agent. In commercial practice approximately 0.25 
Ib. of collector per ton of ore, and 0.06 to 0.1 lb. of 
frothing agent per ton of ore are used. The quantities 
used for a small-scale operation must be altered. 

The tubes are stoppered and shaken vigorously. They 
are then placed in a rack, whereupon the effect of the 
flotation agents may be observed, as noted in the 
illustration. Only a relatively small amount of the 
black galena remains suspended in the first and second 
tubes, while in the third tube there may, be up to 90% 
of the galena appearing in the froth. 

It is best to grind the galena immediately before use 
on account of its tendency to oxidize and become more 
or less difficult to separate by flotation. If distilled 
water is used to make the slurry, it may be necessary to 
make the system slightly alkaline in order to facilitate 
the action of the frothing agent. 





1 Presented at the Symposium on Lecture Demonstrations 
before the Division of Chemical Education at the 115th meeting 
of The American Chemical Society in San Francisco, March 27- 
April 1, 1949. 


1. Flotation 


2. Derivation of the Equilibrium Con- 
stant 
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Samples of the collector agent are obtainable from the 
American Cyanamid Company. Other detergent type 
materials may be substituted for the pine oil. 


DERIVATION OF THE EQUILIBRIUM CONSTANT 
BY THE USE OF BLOCKS 


On the premise that visualization is a valuable aid in 
the learning process this demonstration of the deriva- 
tion of the equilibrium constant is offered. 

The basis of the demonstration lies in the conception 
of the lettered blocks as molecules. These blocks are 
used in such a manner that the derivation of the 
equilibrium constant and several of its applications may 
be made. The argument is based primarily upon the 
number of opportunities for chemical reaction which 
occur when the required molecules collide with each 
other. 

The requisite materials include two dozen square 
blocks of suitable size which are lettered as follows: 
one half of the blocks are lettered ‘‘A’”’ on one face and 
“C”’ on the opposite face, the other half are lettered 
“B” on one face and “D” on the opposite face. Two 
rectangular blocks of comparable size are inscribed as 
follows: an arrow is placed on one of the faces of one 
block and a set of equilibrium arrows is placed on the 
opposite face. Inscriptions which indicate exothermic 
and endothermic effects are placed on opposite faces of 
the other rectangular block. 

In a simple chemical reaction which requires the 
collision between two different molecules, blocks are 
displayed which describe the reaction 


A+B— 


(Only the forward reaction is considered at this point.) 
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When one ‘“‘A” block and one “B” block are shown, 
there is but one possible collision which might produce a 
chemical reaction. If two ‘‘A’’ blocks are shown, two 
possible collisions may occur. If two “B” blocks are 
then shown there may be four possible collisions. Any 
number of combinations may be shown here which will 
further verify the conclusion that the number of pos- 
sible collisions will be the product of the number of ‘‘A”’ 
blocks and “‘B” blocks. Thus, in Figure 2 there are six 
possible collisions. This illustrates the principle of the 
classical law of mass action. 





Figure 2 


Since the velocity of the reaction will be propor- 
tional to the number of possible collisions, the expres- 
sion for the speed of the forward reaction is derived: 


Si = ki X [A] X [B] 


By manipulation of the blocks, the value of k,; may be 
shown to consist of several factors such as temperature 
(kinetic properties of the molecules), molecular orienta- 
tion (particularly in the case of organic molecules 
wherein the active centers of the molecules must be 
involved in the collision), and catalysis (role of the sur- 
face in bringing about molecular orientation). 

When a collision between “A” and “B” blocks re- 
sults in a chemical reaction, the blocks are moved to the 
right and their reverse faces shown, thus illustrating the 
reaction: 

A+B>C+D 


If the reaction is reversible C and D molecules may 
collide to produce A and B again. This leads into the 
relationship: 

S2 = ke X [C] X [D] 


At first the number of opportunities for C and D colli- 
sions is small, but as more blocks are moved from left to 
right there will be more possible collisions. Eventually, 
the number of C and D molecules which react in a 
given time will become equal to the number of A and B 
molecules which react in the same time. A typical 
system in equilibrium is shown in Figure 3. Since S; 
equals S2 at equilibrium, the equilibrium constant for 
the reversible reaction may be derived: 
_& _ (Cl xX (1D) 
ke [A] X [B] 


The numerical value of the equilibrium constant may 
be calculated for the system as it appears in Figure 
3. Thus, ‘ 


















Figure 1 


These blocks may be used to explain the appearance 
of exponents in the equilibrium constant expression for 
those reactions which require the effective collision of 
two or more molecules of one substance with each other 
or with one or more molecules of another substance. 
In a simple case of this nature a reaction which requires 
two molecules of A and one of B is considered : 


24 +B * 


“‘A”’ blocks and “B” blocks are displayed which repre- 
sent this reaction. With one ‘“B” block, two “A” 
blocks are required in order to provide one possible 
collision. If three ‘‘A’’ blocks are present there are 
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Figure 3 


now three possible combinations by which two “A” 
blocks and one “B” block may collide. Four “A” 
blocks and a “B” block offer six possible collisions. 
Using more and more blocks, each time observing the 
number of possible combinations, it is finally concluded 
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that the number of possible collisions can be related by 
the expression: 


[A] x [A — 1] X [B] 
2 





Thus, in Figure 4, there are 15 possible collisions. When 


ES /CN C3) 


Figure 4 


the number of blocks becomes large, as do the number 
of molecules involved in a chemical reaction, it can be 
shown that [A] * [A—1] approaches [A]*. Thus, the 
speed of the reaction is shown to be proportional to the 
number of collisions: 


Si = hk X [A]? X [B] 


In a similar manner, the appearance of higher ex- 
ponents in the equilibrium constant expression can be 
verified. Thus, when three molecules of one substance 
are required for a chemical reaction, as in 3A + B —, 
the number of possible collisions is found to be: 


[A] X [A — 1] X [A — 2] 
3! 





Upon increasing the number of blocks it is seen that this 
number approaches [A]*/3! and the speed of this reac- 
tion becomes: 


S: = ky X [A]* X [B] 
The exothermic and endothermic blocks are used to 


illustrate the LeChatelier principle. In an exothermic 
reaction, 


A+B-—-C+D+A4 
the heat is considered as a “product” (Figure 5). If the 
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Figure 5 


temperature of the system is increased the effect is that 
of adding heat. This increases the quantity of heat 
which can apparently combine with C and D to produce 
A and B, and the equilibrium point is shifted toward the 
left. In a similar fashion the blocks can be used to show 
the effect of temperature changes upon an endothermic 
reaction. 

The blocks are also useful in showing the effect of 
pressure on a gaseous reaction. A certain number of 
“A” blocks and “B”’ blocks are placed in a prescribed 
area on the lecture table. Assuming the reaction to be 
of the nature A + B —, the number of possible colli- 
sions is noted. Then by reducing the area it is ob- 
served that the blocks will collide with each other more 
frequently, so that in a given time there will be a greater 
number of possible collisions than previously, resulting 
in an increase in the speed of the reaction. 

The blocks may also be used to illustrate the shift in 
the equilibrium point when the concentrations of re- 
actants and/or products are varied. Thus, if a certain 
product is a precipitate or a gas, it becomes removed 
from the seat of the reaction. The number of possible 
collisions becomes reduced, thereby decreasing the 
speed of the reverse reaction. 

Illustration of the solubility product constant, the 
ionization constant, the distribution coefficient, and 
energy of activation may also be made with the blocks. 
In the general field of chemical equilibrium the use of 
these blocks is limited only by the imagination of the 
instructor. 
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VERY piece of apparatus hides a romance,’’ said 
Holmyard, the eminent historian of chemistry, but 
how many chemists, using an electric furnace, an elec- 
tric oven, or other electrically heated devices, realize 
the romance associated with the Chicago birth of the 
resistance wire which made possible the efficiency of 
these modern tools of the chemist. 

My interest in the early development of electrically 
heated laboratory apparatus probably stemmed from 
boyhood admiration of Edison. British elders did not 
encourage my youthful enthusiasm, saying he was a 
copyist, not an originator, but we have lived to see how 
wrong they were. In the early days of this century, I 
graduated from a four-year apprenticeship with a Lon- 
don scientific apparatus house and soon thereafter 
came to this country with new hope in my heart. With 
Eimer & Amend, New York, I became associated, at the 
time when they were preeminent in the world of labo- 
ratory apparatus, chemicals, etc. In their employ, 
I spent ten most interesting years, during which time I 
met many important scientific and industrial people of 
the day, including Edison, who in earlier years fre- 
quently visited Eimer & Amend’s establishment at 
Third Avenue and Eighteenth Street to shop and to chat 
with Mr. Eimer. What a saga might be written about 
the many people who were to become famous who 
visited that long-time emporium of apparatus and in- 
spiration. 

During my apprenticeship days, I gained a peep into 
the scientific and industrial worlds but being but a 
youth, naturally I did not realize that much creative 
work of genius often resulted from study of the funda- 
mental research of pure scientists and others and that 
Edison’s inquisitorial mind and his restless constant 
experimentations were the nuclei of his great inventions 
and their industrial application. 

Some years after I had left the scientific apparatus 
world it was my good fortune to meet in the lounge car 
of the Burlington “Zephyr,” en route from Denver to 
Chicago, a member of the group known as “‘The Edison 
Pioneers.” ‘Telling this gentlemen of my youthful 
admiration of Edison encouraged him to relate interest- 
ing stories about. Edison’s life, and he observed: ‘“How 
difficult it must be for the world to realize how much it 
owes to Edison.” His fascinating talk about the 
early days of Edison and the electric era kindled my de- 
sire to visit Dearborn Village. In this Detroit suburb, 
in surroundings of much interesting Americana, Henry 
Ford, a great friend and admirer of Edison had re- 
constructed the original Edison laboratory at Menlo 
Park, the cradle of so many of his inventions. 


MEMORIES OF AN APPARATUS SALESMAN 
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Heinrich Geissler, 1815-1879 


THE EDISON LABORATORY AT DEARBORN 


Arriving at Detroit I taxied to Dearborn Village. 
How elated I was to find at the laboratory Francis Jehl, 
a laboratory assistant of Edison in the late 1870’s, the 
only living person, with the exception of my former 
chief, August Eimer, having intimate knowledge of 
the original Menlo Park laboratory. On his return 
from a long foreign sojourn, introducing and installing 
Edison’s electric light and service systems, Jehl became 
associated with the Edison Historical Collection. Henry 
Ford asked him and August Eimer to supervise the re- 
construction at Dearborn of the original Menlo Park 
laboratory. This difficult task they did so well as to 
cause Edison to remark that the laboratory took him 
back to the pioneer days but that it was much too tidy. 
These gentlemen were honored guests at the ceremonies 
held in 1929 at. Dearborn Village in connection with 
Electric Lights’ Golden Jubilee, when Jehl assisted 
Edison in the reenactment of the birth of the first prac- 
tical incandescent light. 

Talking about his pioneer laboratory days with 
Edison, of absorbing interest to me, Jehl escorted me 
to the original glass-blowing shop occupying a separate 
building, over which hovered the departed shade of 
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Boehm, the first professional glass blower at Menlo 
Park. At the bench were the blow pipes he had used 
and on the balcony his scantily furnished bedroom. 
Jehl described him as a dapper young German with a 
decided foreign accent, who was engaged in 1879 by 
““Meestair Ettison,’”’ as Boehm spoke of the Wizard of 
Menlo Park. Edison had the idea, said Jehl, that a 
combination of certain parts of the two vacuum pumps 
he was using (Sprengel and Geissler) would provide a 
higher vacuum, which he thought would advance his 
experiments. It was an intricate glass-blowing job. 
When Boehm said it could not be done Edison goaded 
him, saying, “‘You once wore a little red cap, did you 
not?” and “Is there anything too difficult for a man who 
assisted the great master glass blower?’ The combi- 
nation pump proved a great step toward the success of 
the lamp. Answering my question about Edison’s 
reference to ‘“‘a little red cap,” Jehl said that at the 
University of Bonn where Boehm worked under Geiss- 
ler, whose glass-blowing creations are known to a world 
of scientists, all the students wore little caps—the 
entrants, green ones, the “high brows” as he called 
those who had been there sometime, red ones. Boehm 
once cockily said ‘I wore a little red cap.’’ This caused 
Edison and the boys in the laboratory to banter him as 
to whether he had found it or stolen it. 

Returning to the laboratory, Jehl pointed out his- 
toric machines and apparatus, including a mortar for 
which he evidently had a special affection. Henry 
Ford, he said, when visiting the site of the original 
laboratory at Menlo Park, found pieces of this old 
mortar which had been used in experiments a half a 
century before. He took them home, matched them 
together, and on the occasion of Edison’s visit to the 
restored laboratory at Dearborn Village handed the 
mortar to him. 

Chatting about the pioneer work of those who made 
electricity available for light and power and its later 
introduction for heating, Jehl remarked, “It is hard to 
ealize that less than forty years ago electrically heated 








The Original Glass-Blowing Shop at Menlo Park 
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Albert Leroy Marsh 


His resistance wires made possible modern electric- 
ally heated laboratory devices 


devices were in their infancy.’”’ His question as to 
how I became so interested in these devices for the 
laboratory led to a long conversation. That evening 
my thoughts took me back to laboratories in the early 
1900’s when I noted that the few devices in use were not 
giving satisfaction. The metallic wires, then employed, 
oxidized and burned out quickly and their replacement 
was a difficult and expensive undertaking. This had 
kept me on the alert for improved devices to introduce. 


BIRTH OF RESISTANCE WIRE 


Albert Leroy Marsh was my dream boy, as his re- 
search made possible reliable electrically heated labo- 
ratory and household devices. After graduating in 
Chemical Engineering at the University of Illinois he 
searched for a durable thermocouple alloy to replace 
platinum and its alloys which were then the only 
reliable materials for this purpose but far too expen- 
sive for general use. His labors gave birth to two new 
alloys: (1) Chromel-Alumel for thermocouples, (2) 
Chromel, a nickel chromium alloy which proved most 
resistant to oxidation and, with its high electric re- 
sistance, an excellent heating-element alloy. This 
alloy he patented in 1906. Marsh established in Chi- 
cago a small factory to manufacture electrically heated 
laboratory and dental furnaces, naming his firm ‘‘Hosk- 
ins Manufacturing Co.” in honor of Hoskins, the noted 
Chicago chemist who had extended him free laboratory 
facilities for his research and experimental work. The 
success of his undertaking and the financial difficulties 
resulting from patent litigation aroused the interest of a 
prominent Windsor (Ontario) industrialist which caused 
Marsh to remove his small factory to Detroit. 
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Electric furnaces with replaceable units, which 
August Eimer had introduced, intrigued me. The basic 
idea found in a small dental furnace manufactured in 
Germany was sound, but its American application was 
clumsy and troublesome, the heating units not being 
as easily replaceable by the user as was expected. 
Strange happenings often change one’s destiny. On 
one of his routine business visits to Eimer & Amend 
back in 1912 Mr. Edwin L. Smalley, then the New York 
district manager of the Hoskins Co., told me rather rue- 
fully that his field of activity was too limited. At that 
time laboratory electric furnaces were in their infancy 
and chemists were skeptical of the claims made for 
them. I lost no time telling August Eimer, my chief, 
that the needed engineer was found. The next day he 
was engaged. In no time Smalley most successfully 
redesigned the entire line of Multiple Unit furnaces, 
and together with the Hoskins furnaces they rang the 
knell of the standard gas-heated devices long in use. 
For many years the late Mr. Smalley, a pioneer of the 
electric furnace industry, was president of the highly 
successful Hevi Duty Electric Co., Milwaukee, Wis- 
consin, successors to the original company founded by 
August Eimer, who manufacture the Multiple Unit 
furnaces as well as electric industrial furnaces. 


THERMOREGULATED OVENS 


Another interesting memory is my first meeting with 
Freas. On a business visit in 1909 to the chemistry 
department of the University of Chicago everybody 
referred me to Curator Freas. Curators are not of that 
importance, I thought, but events proved I was wrong. 
Encountering a rather portly and bearded gentlemen, 
I inquired, “‘Are you Mr. Freas?”’ The question evi- 
dently shook him out of deep thought. He showed no 
interest in my mission which exasperated me and made 
me all the more determined. Launching into the sub- 
ject of new apparatus developments I said rather acidly 
that those I visited usually were very interested to learn 
about such developments. After an embarrassing pause 
he quietly said, ‘‘You seem to be interested in new 
apparatus; let me show you something.” Leading me 
to the lecture theater, he pointed out on a side bench, a 
crudely constructed oven, electrically heated, with a bi- 
metallic thermoregulator of a type new to me. After 
telling me of its advantages, and before he asked if it 
had market possibilities, I had decided it was a “‘find.”’ 

Then he took me to the dingy basement of a nearby 
house where the former laboratory mechanician, Weber, 
was custom-building the oven and other temperature- 
controlled devices for the University and some of their 
friends. Discussion about improvements to the devices 
and plans for mass production led to an arrangement for 
Eimer & Amend to market them. Shortly thereafter 
Freas joined the faculty of Columbia University. This 
made it expedient to move the modest Chicago shop to 
a well-equipped shop in Newark, New Jersey, as the 
devices had become so popular. A company was in- 
corporated—the Thermo Electric Instrument Co.— 
























KXHAUSTING AIR FROM GLASS ‘‘ LAMPS,” 











Sketch of the Combined Vaccum Pump 
(Frank Leslie’s, January 10, 1880) 


from whose name is derived the trade name ‘“Thelco,” 
an electric oven of modest type which has become well 
known. A few years following the death of Freas, the 
company was sold to the Precision Scientific Co., Chi- 
cago, and the manufacture of the extended line of Freas 
apparatus returned to Chicago, the city of its birth. 


WATER STILLS 


Before I finish my story I must tell about Barnstead, 
who produced the first successful electrically heated 
automatic water still. Visiting in 1911 the newly 
established laboratories of the General Motors Corp., 
which were under the management of A. D. Little, Inc., 
of Boston, I espied on the wall a new type of a water 
still. The chief chemist explained its advantages and 
said it was a duplicate of one made for their Boston 
laboratory by Barnstead, a local plumber. I hied to 
Boston and visited Barnstead, who proved to be a 
typical New England Yankee. Despite his disorderly 
factory floor I quickly realized he was an ingenious 
master plumber. He had no catalog or literature of 
his apparatus, but told me that the prospective pur- 
chaser usually obtained all information from the party 
who had suggested the purchase. This reminded me 
of the slogan, ‘‘Ask the man who owns one.’”’ On the 
floor was an elaborate combination still and steam 
sterilizer with storage tanks, etc., a duplicate of an 
outfit he had supplied to a Montreal hospital. It was 
for a hospital in Winnipeg and he would shortly leave 
to install it. ‘Why don’t you send the blueprints to a 
Winnipeg plumber to make the installation,” I in- 
quired. Explosively, he replied, “The only way I can 
be sure it gives satisfaction is to install it myself.’’ 
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Explaining to him the advantage of having Eimer & 
Amend market his automatic water still, I suggested 
an initial order for several hundred units. His ironic 
reply indicated that I was an escaped lunatic. After 
I quieted him, we discussed financial aid and entered 
into an arrangement which resulted in mass production 
of the still which today is a leader. Some time later I 
told him about the increasing use of electrically heated 
laboratory devices and suggested he design an electri- 
cally heated automatic water still. Within a few days 
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he was off to Schenectady to outline his ideas to the 
General Electric Co., and in no time Eimer & Amend 
were Offering his electri¢ still. Shortly after his death 
the business passed through several hands to become 
an important successful enterprise. 

I tried to bring about, without success, a merger of 
the Freas, Barnstead, Multiple Unit companies and 
others, and finally realized that this was a job for a 
financial promoter rather than an apparatus sales- 
man. 


& THE CAUSE OF COLOR IN TURQUOISE 


In THE May, 1947, number of the Gemmologist, we 
told of our work with some Nevada turquoise which had 
a tendency to turn green or to fade rapidly. 

Some eight or ten years ago one of us, having pub- 
lished in the Gemmologist an article which attempted to 
give a theory as to the cause of color in the transparent 
gems, was approached by a turquoise miner in Nevada 
with the request that we help him “‘fix’”’ the color of 
his turquoise. After much study and many experi- 
ments (and very little success) we happened one day 
upon a brief note in Chemical Abstracts on an accidental 
spilling of some cuprammonia sulfate upon some/silica 
gel with consequent deep staining of the gel and a 
permanent adsorption of the colored ion, so that no 
test would show any copper present. 

At once we proceeded to cut and sand (but not polish) 
a pale turquoise and to soak it in some sodium silicate 
for some time, after which it was transferred to hy- 
drochloric acid to precipitate silica gel on the surface 
of the stone. Then it. was washed and sealed in a 
deep blue solution of cuprammonia sulfate. On wash- 
ing and drying it was polished and produced a fair- 
looking turquoise of perhaps too deep & color to be 
called choice. 

Our miner was instructed how to treat his stones 
and seemed well satisfied with the results. But if we 
could stain turquoise with cuprammonia ion perhaps 
nature might have been doing just that for some millions 
of years! Here is where the project work in chemistry 
began. Calling one of the students in the class of 


Chemistry IV (semimicro quantitative analysis) we 
told him to “take this chunk of turquoise, pound it up 
in an iron mortar and make a test for ammonia.” 


FRANK B. WADE and WALTER C. GEISLER 
Shortridge High School, Indianapolis, Indiana 


A High-School Research Project 


Meanwhile we made a test ourselves. Having found a 
good smell of what seemed to be ammonia we ran 
into the Chemistry IV laboratory nearly bumping into 
our student who was coming to tell us that he was 
smelling ammonia from his test! 

After some exciting preliminary tests showed the 
presence of ammonia in turquoise, a serious set of 
analyses of a number of turquoise samples was carried 
out by the students in our class in Chemistry IV 
(semimicro quantitative analysis), as follows. 

Much orthophosphoric acid is driven off with the 
water on ignition. Probably the nitrogen and carbon 
are lost too, this accounting for the failure of previous 
analysts to report either. 

Here was a real project. The students learned how 
to make accurately a number of gravimetric and vol- 
umetric determinations, and how they worked! Over- 
time was the rule rather than the exception. We 
used several methods for the standardization of the 
N/10 hydrochloric acid and base. It was a real 
pleasure to find high-school students getting results 
that checked by several different methods. The 
students also learned to construct and set up the ap- 
paratus for quantitative determinations. Neatness, 
accuracy, and honesty in obtaining and reporting re- 
sults were always stressed. 

We found ammonia by the Kjeldahl method but used a 
catalyst to get full yield. We tested cuprammonia ion 
with activated silica gel and got instantaneous ad- 
sorption with heating and with deep and permanent 
staining. On attempting to purify some cuprammonia 
sulfate by recrystallization in the presence of excess 
ammonia we found that, on climbing up the sides 
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Quantitative Analysis of Turquoise 





Loss on pH of 
Sample H.0, igni- mois- 
No. SiOz. AlO; NH; 105° tion ture Cu 





1.31 36.00 0.264 1.28 15.00 3 3.01 


1 

2 3.15 34.25 0.100 0.769 13.75 2.5 2.35 
3 2.67 38.36 0.125 0.862 14.32 2 2.15 
4 1.55 24.64 0.655 1.67 14.7 1 2.56 
5 4.88 31.27 0.17 1.92 14.2 2 1.58 
6 4.25 35.27 0.1386 1.02 14.7 1 1.88 
7 1.35 39.36 0.3190 0.6790 14.631 1.90 2.51 





of the crystallizing dish the product, in a warm 
window, turned green just like some turquoise. It 
was a case of loss of water of crystallization, in all 
probability. We have since been able to make fine 
sky-blue turquoise stay sky-blue for many months 
merely by sealing its pores by soaking it in sodium 
silicate for a few weeks before drying and polishing. 

The publication of these preliminary results in the 
Gemmologist enthused the whole class and the influence 
of this spread through the department. 

A distinguished German gem expert wrote us that he 
had been unable to get any ammonia from any of his 
samples of turquoise and asked us to send him some 
of our material, which we did. This challenge at 
once put us on our mettle and we got the late Cecile 
Calvert, of the Indianapolis Water Company Lab- 
oratories, interested. He suggested that it was en- 
tirely possible that the amines would also form copper 
complex ions. He also found that any ordinary 
ammonia determination showed only 0.1 as much 
ammonia as a sample that had been catalyzed with 
mercury in the Kjeldahl determination. Thus amines 
would be converted into ammonia. Hence the color 
might be due to complex amino copper ions. 

Suspecting that there might be more to the matter 
than appeared on the surface and knowing that methyl 
amine (CH;)NH: smells like ammonia and forms a 
blue complex ion with copper ion, one of us ran a com- 
bustion with about 10 g. of crushed turquoise in a 
pyrex combustion tube over a Meker burner and 
passed oxygen from an oxone (Na,O2) generator over 
the turquoise and bubbled the product through lime 
water. The lime water clouded and a precipitate 
formed that would effervesce when a few drops of acid 
were added. 

The Chemistry IV class was then given the project 
of accurately determining the carbon content of tur- 
quoise. 

The students really enjoyed setting up the apparatus 
for this determination. The equipment employed to 








Sample Calculated Calculated Calculated NH; 
No. Oz carbon N equivalent ammonia Kjeldahl 

1 0.365 0.099 0.115 0.139 0.16 

2 0.241 0.065 0.075 0.091 0.10 

3 0.2387 0.064 0.074 0.089 * 0.10 

as 0.296 0.077 0.089 0.108 0.12 

5 0.312 0.085 0.098 0.119 0.13 
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determine the carbon dioxide content was similar to 
that used in the carbon determination of steel. The 
oxygen was washed and dried over activated hydrated 
alumina and was passed through soda lime to remove 
any trace of carbon dioxide. The gases coming from 
the combustion train were dried through concentrated 
sulfuric acid and then passed through a special ab- 
sorption bottle containing soda lime. The increase in 
weight was considered as carbon dioxide. 

It is interesting to note that as the carbon dioxide 
content increases, so does the ammonia content. The 
previous table indicates the carbon-nitrogen ratio. 

The amount of carbon found compares favorably 
with the amount of nitrogen if the two were associated 
together as CH;NH,Cutt ion acting as the principal 
colorant in the turquoise. The material is probably 
hydrated and adsorbed on silica gel. 

It would be difficult to determine the exact formula 
of the complex copper ion which is adsorbed on the 
amorphous silica in turquoise. If an amino copper 
complex is present the picture can be still more com- 
plex. There are at least 20 amino acids that have been 
indentified as the products of the hydrolysis of pro- 
teins. 

It has been noted and reported by many geologists 
that turquoise blackens on ignition. The color change 
is usually ascribed to the formation of black copper 
oxide. Our residues on oxidation were never black, 
only light gray. Thus our students had completely 
oxidized the carbon in turquoise. Therefore, can we 
not say that the color in turquoise owes its origin in 
part to organic residues in the ground waters that de- 
posited it in the porous limonite or sandstone matrix? 

To investigate this possibility further we have pre- 
pared a sample of carbon dioxide from crushed tur- 
quoise, upon which Professor A. O. Nier, of the Uni- 
versity of Minnesota, kindly carried out an isotopic 
analysis in the mass spectrograph. The ratio of C™ 
to C!2 in this sample was significantly lower than the 
ratio in BaCO;. Since Professor Nier has previously 
shown that the C14/C!? ratio is less in carbon of organic 
origin than in that from inorganic sources we feel that 
we have confirmation of our theory that the colorant 
in our turquoise is at least partly of organic origin. 
The presence of nitrogen and phosphorus, as well as 
carbon, is of course further evidence. 

We think that some real teaching can be done by 
such a class project. Learning methods of quantitative 
analysis was just a means of finding the correct answer 
to a problem. 

The purpose of our quantitative course is not to 
make chemists. That is a job for the universities. 
We want our pupils to develop the keen desire to 
find the correct answer to a problem, to learn to 
think, to be honest in their results, and last, to learn a 
few methods of analytical chemistry. 

We only hope to find another project that will 
arouse the interest of our advanced students so we can 
achieve the above goals. 








& INDEXING TECHNICAL LITERATURE AT 
ALUMINIUM LABORATORIES LIMITED* 


‘Tue ALPHABETICAL semi-classified system of indexing 
technical literature described in this article is based on 
the use of main subject headings with special sub- 
divisions where needed. The main subject headings 
were chosen for their conciseness, descriptiveness, and 
clarity. Some minor subjects were inserted as sub- 
divisions of major ones and their location indicated by 
references. Related material was brought together 
by extensive cross referencing on a definite pattern 
within the system of headings itself. This referencing 
was done in two directions, from general subjects to 
specific subjects and from specific subjects back to 
general ones. No cross references were shown be- 
tween related specific subjects. In this way cross 
referencing the documents themselves under several 
headings was avoided. Wherever necessary, explana- 
tory notes were added to guide the indexer. 

The format of a page of subject headings, including 
subdivisions and cross references, is shown at the end. 

To supplement the special subdivisions under par- 
ticular main subjects, and to avoid repetition, a list 
of standard subdivisions, constantly recurring under 
various subjects, was prefaced to the main list. Cross 
references inserted in the main list explain the use of 
these subdivisions. The list of standard subdivisions 
includes such aspects as analysis, corrosion, properties, 
and statistics. Other smaller lists, prefaced to and 
cross referenced in the main list of subject headings, 
include subdivisions used only under specific alloys 
and classes of alloys, adjectives used as modifications 
to make inverted headings, and terms used to make 
compound headings. 

Four types of headings are possible with the use of 
these subdivisions, modifications, and terms: 


1. Simple headings 

2. Subdivided headings A 
3. Inverted headings 

4. Compound headings 


Simple headings consist of one word which is the name of a 
material, process, or phenomenon, e. g., copper, soldering, or 
radiation. 

Subdivided headings consist of the combination of a subdivi- 
sion with a main heading which may be either simple, inverted, or 
compound, e. g., 

Aluminum— Uses 

Aluminum, Comminuted—Uses 

Aluminum sulfate—Uses 





* A member of the Aluminium Limited Group of Companies. 


GERALD F. RENNER 
Aluminium Secretariat Limited, Montreal, Quebec 


MOIRA C. JONES 
Aluminium Laboratories Limited, Kingston, Ontario 


Inverted headings consist of nouns followed by modifying ad- 
jectives, the two being separated by commas, e. g., “Puint, 
Aluminum.” Inverted headings are used when the second word 
in the heading, as it is normally written, is more important 
than the first one, thus keeping like subjects together. 

Compound headings consist of nouns written together without 
dashes or commas to make one heading, e. g., ‘Steel industry.” 


The subject headings are related by four types of 
cross references: 


“See” references 
‘See also” references 
““(s)” references 
““(sa)’’ references 

“See” references direct the searcher from headings not used, 
7. €., synonyms, to the heading which is used, e. g., 

INTRAGRANULAR corrosion 
see Corrosion, Intragranular 

No documents are indexed under the heading “INTRAGRANU- 
LAR corrosion.” The search is directed to the heading used 
z. e., “CORROSION, Intragranular” where he will find his in- 
formation. 


“See also”’ references direct the searcher from headings 
not used, 7. e., Synonyms, to the heading which is used, 
e. gy 

“See also ’’ references draw to the user’s attention other head- 


ings under which documents on related subjects are classed. 


‘See also” references are made: 
1. from any one subject to a related subject or subjects of 


equal value and vice versa, e. g., 
ELECTRIC cells 
see also Electrolytic cells 
ELECTROLYTIC cells 
see also Electric cells 


2. from a general subject to more specific subjects, e. g., 


FoOnr 


JOINING 
see also Bolting Riveting 
Bonding Soldering 
Brazing Welding 


‘““(s)” references remind the indexer to make a “‘see’’ reference 
from a heading not used to the heading which is used. For ex- 
ample, when a document is being indexed under the heading 
“CORROSION, Intragranular,” the reference 


CORROSION, Intragranular 
(s) Intragranular corrosion 


reminds the indexer to make a “‘see’’ reference from “Intragranu- 
lar corrosion.” 

“(sa)” references, which are made only from a specific subject 
to the general subject, are used: 

(1) to remind the indexer when entering a document under a 


438 








ey la oa a os 


QO -~ym~ C3 








ad- 
nt, 
ord 
ant 


ut 
” 


ed, 


d- 
d. 


of 


u- 


ct 








AUGUST, 1949 


specific subject to make a “‘see also”’ reference from the general 
subject. For example, when a document is being indexed under 
the heading ‘‘WELDING,”’ the reference 


WELDING 
(sa) Joining 


reminds the indexer to make a “‘see also”’ reference from ‘‘Join- 
ing” to “Welding,” unless the ‘‘see also’ reference has already 
been made. 

(2) to draw to the attention of a person using the index that 
additional information may be found under the general subject 
complementing that listed under specific subject, e. g., the refer- 
ence 


WELDING 
(sa) Joining 


indicates to the searcher that additional information on welding 
may be found under the heading ‘“‘Joining.”’ 


The diagrams below illustrate how these references 
work. 


see see also see also 
Fils Series, (general) GN (specific) 
(s) see also (sa) 


The application of this system of subject headings is 
both simple and direct. Each document is classed 
under the most specific heading adequate to cover the 
subject matter. In the majority of cases, one subject 
heading will suffice, whether a process, a material, or 
its properties are stressed. For example, we may have 
three documents all dealing with welding. One may 
deal with the welding of steel, another with the repair 
of aluminum castings by welding, and the third with 
spot welding in general. With the use of our subject 
headings list, the first document would be indexed 
under “Welding steel,’ the second under ‘Castings, 
Aluminum—Welding,” and the third under “Welding, 
Resistance (spot).”” Should the second document be 
required by anyone requesting all available material 
on welding, it would be located by following the lead 
given on the cross-reference card in the card index at 
the beginning of the entries under “Welding.” Such a 
cross-reference card would refer the searcher from 
“Welding” to all other specific subdivisions actually 
in use, €. g., 

Welding 
see also Castings, Aluminum—Welding 


This brings out a very important advantage of this 
system of indexing technical literature which was 
mentioned previously, namely, that the extensive use 
of cross-references in the subject heading list itself 
(and consequently in the card index) eliminates the 
need of cross-referencing each individual document 
under a multitude of headings in order to cover all the 
topics involved. 

In addition to the ordinary subject headings, pro- 
vision has been made for indexing special subjects. 
The indexing of phase equilibrium studies, for example, 
presents a problem to many physical metallurgists. 
Our solution is a simple alphabetical arrangement of 
elements by chemical symbols under the main heading 








“Phase equilibrium studies.” For example: 


Phase equilibrium studies—Al-Cu-Mg system 
Phase equilibrium studies—Al-Mg-Si system 


Similarly, chemical reactions are indexed alphabetically, 
€. gy 
Chemical reactions—Al + NaOH 


The indexing of alloys requires particular attention. 
Any document dealing with a specific alloy or class of 
alloys is indexed under that alloy or class of alloys. 
For example, a document dealing with Alcan 75S 
aluminum alloy is indexed under that alloy rather than 
under aluminum in general. Alloys are classified ac- 
cording to their chemical composition, first under the 
specific metal which forms the base of the alloy and then 
by the main elements arranged in descending order 
by the percentage of the element present. For ex- 
ample, documents on aluminum base alloys containing 
copper and zine as the only alloying elements would be 
indexed under “Aluminum alloys—Al-Cu-Zn alloys” 
if the amount of copper present exceeded the amount of 
zinc. If, on the other hand, the amount of zine ex- 
ceeded the amount of copper, the alloy would be 
classed under “‘Aluminum alloys—AI-Zn-Cu alloys.” 

Specific alloys, as distinct from a class as in the 
example above, are indexed in the same manner, ex- 
cept that the amount of the alloying elements ex- 
pressed in percentage is usually written below the 
chemical symbols, and the alloy designation or trade 
name is added for positive identification, e. g., 


Aluminum alloys—Al-Cu-Mg-Mn- Alcan 178 
4.35 0.65 0.6 


In actual practice, it has been found feasible to index 
documents on alloys simply under alloy designations 
arranged in alphabetical order as subdivisions of the 
base metal, e. g., “Aluminum alloys—Alcan 248.” 
This simplification has been made possible by the in- 
clusion of an alphabetical index to aluminum alloys by 
trade names as an appendix to the list of subject 
headings. 

While this list of subject headings was designed 
specifically for the libraries of one company in the 
field of aluminum technology, thé authors believe that, 
many of the fundamental principles underlying this 
system can be applied successfully to the development 
of subject heading lists in the fields of metallurgy, 


‘chemistry, engineering, and allied technical fields. In 


ferrous metallurgy, for example, alloys may be classified 
by their base, iron, and main alloying elements such 
as manganese, molybdenum, chromium, and nickel. 
This system has been applied to nontechnical fields 
and has proved its worth there also. In the economic, 
financial, and legal fields a much smaller list of sub- 
ject headings was compiled on the same principle as 
that used in the field of aluminum technology. One 
of the key features which has proved such an advantage 
in making a flexible system is that very often the same 
word which is used as a main heading for general 
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articles can be used either directly or with slight 
modification as a subdivision under various other sub- 
jects. For example, the headings, ‘Economics,’ 
“Labor laws,” and “Taxation” are used as main head- 
ings and also as subdivisions under names of countries. 
— Since its inception in the libraries of Aluminium 
Laboratories Limited at Kingston, Arvida, and Mont- 
real, the system described has been used in large- 
seale reclassification of technical documents comprising 
books, company reports, periodical literature, specifi- 
cations, and trade publications. Classification, 7. ¢., 
assigning of subject headings, is done by assistant 
librarians who are university graduates or the equiva- 
lent. Use of our list of subject headings, including 
technical background, requires on-the-job training of 
approximately six weeks. A modified system of 
cataloging has been developed and a manual issued 
for the direction of our catalogers. All cataloging in 
the Kingston library is done by typists who can be 
trained to follow our methods in a period of three 
weeks. Printing of catalog cards is done on a standard 
Multilith machine using duplimats on which main en- 
tries for three documents have been typed. These 
are run off on special 5 X 9-in. card stock perforated to 
give three standard 3 X 5-in. catalog cards. Finally, 
the added entries and tracings are typed on the cards. 
Much emphasis is, at present, being placed on the 
development of punched card systems of indexing, 
although it is generally agreed that their use is limited to 
restricted fields. Experience has shown that this 
system of classification by subject headings can be 
applied to broad and varied fields with a minimum of 
specialized subject knowledge. In the more restricted 
field of alloy classification, the groundwork has been 
laid for the development of a punched card system. 
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The cards have not been developed to date as this 
alphabetical system for classifying alloys by chemical 
composition has proved adequate. 

This article is written to bring to the attention of 
metallurgists, chemists, and librarians the possibilities 
of indexing by an integrated system of subject headings. 
The method of cross-referencing employed makes it 
possible to follow subjects, processes, and operations 
along a straight, logical chain, fram general subjects to 
more specific ones, and vice versa. 





FORMAT OF PAGE OF SUBJECT HEADINGS 


ANODIZING 
see also subdivision Anodizing under specific subjects, 
e. g., Welded joints—Anodizing 
(s) Anodic oxidation 
Oxidation, Electrolytic 





(sa) Coatings, Artificial 
Finishing, Electrochemical 


ANODIZING aluminum 
—Chromic acid processes 
see also Bengough-Stuart process 
(sa) Chromic acid 
—Sulfuric acid processes 
see also Alumilite process 
Anox process 
Eloxal GS process 
(sa) Sulfuric acid 


ANONIZING 
see Finishing aluminum, Chemical—Oxide coatings 


ANORTHOSITE 
see also Alumina—Production from anorthosite 
(sa) Aluminous ores 
Rocks, igneous (intrusive) 
ANOX process 
(sa) Anodizing aluminum—Sulfuric acid processes 





& STAND FOR CROOKES TUBES 


FRED Y. HERRON 
University of Pittsburgh, 
Pittsburgh, Pennsylvania 


Tue illustration shows a convenient stand for 
Crookes tubes which avoids delay and confusion in con- 
necting and disconnecting wires. When the tube is 
placed on the stand, two brass rods, which extend 
through the wooden base, make contact with: the. two 
brass plates on the stand, which in turn are connected 
to the terminals of the induction coil. The stand can, 
in fact, be mounted directly on top of the coil. 








eg ei OO Pet 2) OS ig 


maw w®W. 









— a S| 








Micnart Farapay’s views and feelings regarding 
honors, particularly those conferred by his own country, 
and financial rewards were in direct contrast to those of 
his mentor and predecessor at the Royal Institution, 
Humphry Davy. The matter has been dealt with 
fairly completely by J. H. Gladstone? in his biography 
of Faraday, who quotes a letter written to him by 
Faraday’s friend Mr. Blaikley in which, referring to 
Faraday, the latter says: 


On one occasion, when making some remark in reference to a 
movement on behalf of science, I inadvertently spoke of the 
proper honour due to science. He at once remarked, “I am not 
one who considers that science can be honoured.” I at once 
saw the point. His views of the grandeur of truth, when once 
apprehended, raised it far beyond any honour that man could 





1 GLADSTONE, J. H., ‘“Michael Faraday,’’ London, 1873, pp. 
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give it; but man might honour himself by respecting and ac- 
knowledging it. 


In support of Faraday’s low opinion of honors 
Gladstone also quotes (loc. cit.) from a letter addressed 
to Professor Andrews of Belfast (dated 2nd February, 
1843) the following passage: 


As to the particular point of your letter about which you honour 
me by asking my advice, I have no advice to give; but I have a 
strong feeling in the matter, and will tell you what I should do. 
I have always felt that there is something degrading in offering 
rewards for intellectual exertion, and that societies or academies, 
or even Kings and Emperors, should mingle in the matter does 
not remove the degradation, for the feeling which is hurt is a 
point above their condition, and belongs to the respect which a 
man owes to himself. With this feeling, I have never since I 
was a boy aimed at any such prize; or even if, as in your case 
they came near me, have allowed them to move me from my 
course; and I have always contended that such rewards will 
never move the men who are most worthy of reward. Still, I 
think rewards and honours good if properly distributed, but they 
should be given for what a man has done, and not offered for 
what he is to do, or else talent must be considered as a thing 
marketable and to be bought and sold, and then down falls that 
high tone of mind which is the best excitement to a man of power, 
and will make him do more than any commonplace reward. 
When a man is rewarded for his deserts, he honours those who 
grant the reward, and they give it not as a moving impulse to 
him, but to all those who by the reward are led to look to that 
man for an example. 


In further support Gladstone finally quotes a long 
letter on the subject written by Faraday to Lord 
Wrottesley who was Chairman of the Parliamentary 
Committee of the British Association. This letter 
runs as follows: 


Royal Institution, March 10, 1854 


My Lord, 

I feel unfit to give a deliberate opinion,on the course it might be 
advisable for the Government to pursue if it were anxious to 
improve the position of science and its cultivators in our country. 
My course of life, and the circumstances which make it a happy 
one for me, are not those of persons who conform to the usages 
and habits of society. Through the kindness of all, from my 
Sovereign downwards, I have that which supplies all my need; 
and in respect of honours, I have, as a scientific man received from 
foreign countries and Sovereigns, those which belonging to very 
limited and select classes, surpass in my opinion anything that 
it is in the power of my own to bestow. 

I cannot say that I have not valued such distinctions; on the 
contrary, I esteem them very highly, but I do not think I have 
ever worked for or sought after them. Even were such to be now 
created here, the time is past when these would possess any at- 
traction for me; and you will see, therefore, how unfit I am, upon 
the strength of any personal motive or feeling to judge of what 
might be influential upon the minds of others. Nevertheless, I 
will make one or two remarks which have often occurred to my 
mind. 
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Without thinking of the effect it might have upon distinguished 
men of science, or upon the minds of those who, stimulated to 
exertion, might bezome distinguished, I do think that a Govern- 
ment should for its own sake honour the men who do honour and 
service to the country. I refer now to honours only, not to 
beneficial reward; of such honours I think there are none. 
Knighthoods and baronetcies are sometimes conferred with such 
intentions, but I think them utterly unfit for that purpose. 
Instead of conferring distinction, they confound the man who is 
one of twenty, or perhaps fifty, with hundreds of others. They 
depress rather than exalt him, for they tend to lower the especial 
distinction of mind to the commonplace of society. An intelli- 
gent country ought to recognize the scientific men among its 
people as a class. If honours are conferred upon eminence 
in any class as that of the law or the army, they should be in this 
also. The aristocracy of the class should have other distinctions 
than those of lowly and high-born, rich and poor, yet they should 
be such as to be worthy of those whom the Sovereign and the 
country should delight to honour, and, being rendered very desir- 
able and even enviable in the eyes of the aristocracy by birth, 
should be unattainable except to that of science. Thus much I 
think the Government and the country ought to do, for their 
own sake and the good of science, more than for the sake of the 
men who might be thought worthy of such distinction. The 
latter have attained to their fit place, whether the community at 
large recognize it or not. 

But besides that, and as a matter of reward and encouragement 
to those who have not yet risen to great distinction, I think the 
yovernment should, in the very many cases which come before 
it having a relation to scientific knowledge, employ men who 
pursue science, provided they are also men of business. This is 
perhaps now done to some extent, but to nothing like the degree 
which is practicable with advantage to all parties. The right 
means cannot have occurred to a Government which has not yet 


& RHODIUM 


Rauoprum is one of the six precious metals classified by 
metallurgists as the platinum group—platinum, palladium, 
rhodium, ruthenium, iridium, and osmium. Where brilliant 
whiteness, high reflectivity, resistance to heat, tarnish resistance, 
hardness to withstand wear, or combinations of these properties 
are desired, rhodium finishing has proved to be an effective and 
often a highly economical means of obtaining required qualities 
in a variety of products in jewelry, other decorative items, as 
well as in industrial applications. 

While one of the most useful as well as one of the rarest of the 
group, rhodium is never used in its pure metallic state except 
as an electrodeposited coating on other metals. In this respect, 
it is much like chromium and for the same reason—hardness and 
brittleness. It is also used to some extent as an alloying element 
with platinum, largely because of its hardening qualities. 

The merits of rhodium in metal finishing are being recognized 
by such current applications as jewelry, plating of optical frames, 
production of projection machine and instrument reflectors, 
plating of watch movements, safety razors, cigarette lighters, 
silver-decorated glassware, ornamental sterling silverware, and 
sliding electrical contacts, particularly in radar tuning devices. 

Rhodium plating is utilized extensively by jewelry manufac- 
turers. Popular-priced costume jewelry, mass produced, is 
finished in rhodium electrodeposits and the metal is used as the 
reflecting surface beneath rhinestones and other artificial stones. 





1 Reprinted from Jnco, 22, No. 3, Fall Edition. 
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learned to approach and distinguish the class as a whole. 
I have the honour to be, my Lord, 


Your very faithful Servant, 
M. Faraday 


Recently a hitherto unpublished autograph letter 
(see Plate) has come into my possession which still 
further illustrates the point and runs as follows: 


Royal Institution 
8th July 1848 


My dear Sir, 

I am happy to say that in England I am not a Sir and I do not 
intend (if it depends upon me) to become one. The Prussian 
knighthood I am in hopes will appear in the list in its due form, 
for in that I do feel honoured, in the other I should not. 


Ever truly yours, 
M. Faraday 


This letter has written on it in another hand: 


This letter was written in answer to one from Mr. C. R. Weld 
desiring to know whether there was truth in a statement made 
by a writer in the Edinburgh Review (No. Jan., 1848) that Fara- 
day was now Sir Michael. 


C. R. Weld was Assistant Secretary to the Royale 
Society and author of an authoritative History of the 
Society. An additional point of interest raised by the 
discovery of this letter is Faraday’s reference to a 
Prussian knighthood, as I have been quite unable to 
find any evidence that Faraday was ever thus honored. 


A Precious Metal of Many Uses' 


RESISTS WEAR AND CORROSION 


Manufacturers of optical frames, metal wrist watch straps, 
safety razors, and cigarette lighters now use rhodium electro- 
plated finishes, not only because of its appearance but also because 
of rhodium’s corrosion and wear resistance. The hardness of 
rhodium electroplating deposited from a sulfate bath has been 
reported by the National Physical Laboratories as 549-641 
Vickers (515-602 Brinell). . . higher than any of the other precious 
metals that can be electrodeposited. 

High-grade watch movements are being rhodium plated to 
withstand the effect of moisture condensation due to changes in 
humidity. 

Ornamental silverware, such as trophies, desk accessories, tea 
service sets, trays, and silver-decorated glassware are being 
rhodium plated, often over a thin nickel flash. The production 
of silver-decorated glassware has been revived with the advent 
of rhodium finishing, which overcomes the tendency of silver 
to discolor rapidly in the shops and at home. 


HAS HIGH REFLECTIVITY 


Front surface mirrors used in a variety of optical instruments 
are rhodium finished by electroplating, or, in the case of non- 
conductors, by high vacuum evaporation, with the reflecting 
surface in front of the glass...thus eliminating the double 
image formed in conventional mirrors in which the reflecting sur- 
face is in the rear of the mirror back of the glass. 
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Rhodium is even whiter than platinum and palladium in color, 
and has a considerably higher reflectivity. 

The melting point of rhodium is 1966°C. (3570°F.). It resists 
most common acids and other corrosive chemicals, including 
aqua regia, which will dissolve both gold and platinum. 

Silver is the only metal which can be electrodeposited with a 
greater degree of reflectivity thanrhodium. Since silver tarnishes 
on atmospheric exposure, its reflectivity drops to values below 
that shown in the curve. Silver and gold show a lower reflec- 
tivity than rhodium in the near ultraviolet. Rhodium is much 
harder than any of the metals shown in the curves—with the 
exception of chromium, which has a considerably lower reflec- 
tivity and a bluish cast. Rhodium finishing was widely used 
during the war for antiaircraft searchlight reflectors, military 
range-finding instruments, aviation reconnaissance cameras, and 
communications instruments, radar tuning devices and other 
applications where its ability to withstand a wide range of atmos- 
pheric conditions were invaluable aids to the equipment’s ef- 
ficiency and low maintenance under extremely difficult operating 
conditions. 

Rhodium for plating purposes is usually sold in concentrated 
solution form. The two more widely used electrolytes are the 
sulfate and phosphate types. Costs and behavior closely 
parallel, and the choice is largely a matter of personal preference. 

Both types are used at a temperature of 110°-120°F., and a 
current density of 10-80 amperes per square foot and voltage of 


: Out of, the 


@ Heat Radiation Pictures 


A new technique, developed in the Eastman Kodak 
Laboratories, which is expected to have many uses in 
science and industry, is called ‘“‘thermo-radiography.”’ 
It uses highly sensitive phosphors, which glow in the 
dark, to record the heat of objects over a wide range 
of temperatures. 

Pictures have been made in this way of heated 
chemical apparatus, of a radio tube warming up, and 
of a teakettle of water boiling on a hot plate. 

One picture, which demonstrates the sensitivity of the 
technique, shows a human hand, with thumb up and 
forefinger pointing. The warmth of the hand provided 
the radiation for the picture. The slight difference in 
the temperature of the hand compared to that of the 
air in the room was sufficient to register its image on 
the phosphor screen. 

In a related technique, the sensitive phosphors are 
coated directly on an object to get a picture of its heat 
distribution. This use of the phosphors for direct 
measurement of heat is called “thermography.” 

A screen is coated with the specially prepared phos- 
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21/2 to 5, with a hydrogen ion concentration (pH) of approxi- 
mately 1. 


METHOD OF USE 


Insoluble platinum anodes are employed. It is advisable to 
have a ratio of 1 to 1 between the anode and cathode surfaces, 
although this ratio is not critical. Platinum anodes are made up 
as thin as 0.004 in. and corrugated for stiffening, so that a 2- x 
8-in. area may be produced from about 1 oz. of platinum. Re- 
plenishing is accomplished by additions of the rhodium solution 
to the bath. The gradual accumulation of acid in the bath has 
no ill effect, other than a slight decrease in the deposition rate. 
The rate varies from 2 to 4 to 5 mg. per ampere minute. 

A good nickel deposit usually is employed as an undercoat on 
silver and particularly on tin alloys and soft solder to prevent 
streaks. Deposits of about 5/1,000,000 of an inch are obtained with 
1 mg. of rhodium per square inch. 

Although rhodium is one of the rarest and costliest of the plati- 
num group metals...currently selling in the neighborhood of 
$125 an ounce...1 g. of rhodium can cover 500 to 700 small 
jewelry objects, such as finger rings, and the value of the metal 
consumed in flash plating each ring amounts to less than one cent. 
Rhodium posseses such a unique combination of properties that 
the unit cost becomes insignificant in view of the better appear- 
ance, greater durability, and additional sales appeal obtained 
with rhodium. 











Heating Stage. Hot- Boiling. Hotplate Cooling. Hotplate 
plate very hot and cooling and water at cool and water at 
water at 70°C. 100°C. 57°C. 


Photographs of Hotplate and Teakettle by Thermal Radiation. All 
Pictures Taken in a Dark Room at 28°C. 


phors. Through use of a curved metal mirror, the 
heat radiation of an object is focused on the screen. 
Here the image can be examined under ultraviolet 
light, or can be photographed. 

The image is a picture of the object against its 
warmer or cooler background. In the laboratory a 
picture of a piece of ice was made successfully simply 
because it gave relatively little radiation compared to 
the warm air around it. 

Differences in the heat of parts of the object can be 
recorded. Pictures of the teakettle and hot plate, for 
example, show the contrasting heat of each when the 
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teakettle is warming up on the hot plate, and later 
when the hot plate cools more rapidly than the kettle. 


Thermoradiograph of a 
Hand 


Dr. Urbach pointed out that since all radiation pro- 
duces a little heat, it is theoretically possible to record 
many things with refinements of this technique. 
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Unusual temperature sensitivity is obtained in ther- 
mography, the use of the phosphors for measurement 
of heat directly. By measuring the brightness of the 
phosphor, you can measure temperature at many points 
simultaneously. 

Such a comprehensive picture of the heat distribu- 
tion of an object, which can be recorded in still or 
motion pictures, has not hitherto been available to 
engineers and scientists. It is expected to have a 
variety of scientific applications. 

In a laboratory test the thermographic technique 
showed the slight change in human skin temperature 
when one hand is held overhead for a few minutes. 

The phosphors are said to show a 20 per cent change 
in brightness with each Centigrade degree of change in 
temperature. And thermography can be used for 
temperatures ranging from that of liquid air to 400° 
or 500°C. 


THE REPORT OF THE ANNUAL MEETING 


Regis College, Weston, Massachusetts 
May 7, 1949 


‘Tne annual meeting was called to order at 2:30 p.m. 
by the Vice-President, Helen W. Crawley. The fol- 
lowing reports were adopted. 


REPORT OF THE SECRETARY 


Under the chairmanship of John A. Timm and Carl P. Swin- 
nerton the successful Tenth Summer Conference at the University 
of Maine launched the New England Association of Chemistry 
Teachers on its second half century of activity. The week, de- 
lightful as always, strengthened friendships, hrought in new 
members, and gave to all those present inspiration for the coming 
scholastic year. 

During this year the usual five meetings have been held: 
on October 16 at Westbrook Junior College, on December 4 at 
Boston University, on February 12 at the Bradford Durfee Tech- 
nical Institute in Fall River, on March 26 at the Technical High 
School and Museum of Natural History in Springfield, and on 
May 7 at Regis College. The average number who signed the 
register at the first four of these meetings was 71. 

Meetings of the Executive Committee have been held in 
connection with each of these meetings, and other business has 
been transacted by mail ballots. In addition, a lengthy and 
important session at the Summer Conference laid the plans for the 


ensuing year. All of these meetings have dealt with problems of 
the regular business of the Association, with discussions of ways 
and means of making the Association of more value to its mem- 
bers, with consideration of the types of material which should 
be offered in the papers at the meetings, with the search for new 
Summer Conference sites, and with the thousand and one other 
details which inevitably come up to be settled in an organization 
of this sort. 

Two things in particular have occupied more than the usual 
amount of time. We have attempted to formulate a set of rules 
in regard to the registration fees charged at the Summer Con- 
ference so that the treasurer will have more idea of the path 
which he is supposed to follow. We hope, doubtless with undue 
optimism, that we have foreseen every exception that can arise, 
but we have no doubt that the first day of the Eleventh Summer 
Conference will show how wrong we are. We have spent time 
considering how we can can cooperate with theSchool Science Coun- 
cil in its proposal to set up and maintain a mailing list of all the 
teachers of science in New England. Until practical difficulties 
are cleared up, the matter has had to be tabled for the present. 

The Executive Committee is proud to announce that Laurence 
S. Foster has consented to act for another year as Editor of the 
Report, and has been duly elected to that office. 

From Rhode Island State College there has come an invitation 
to hold the 1951 Summer Conference—the Thirteenth—on their 
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campus, and we have gladly accepted the offer of their hospital- 
ity. 

We hope very much that members will feel quite free to send 
criticisms and suggestions to the secretary who will present 
them to the Executive Committee which wishes more than 
anything else to reflect in its administration of the affairs of this 
Association the thoughts and wishes of the entire membership. 

Dorotuy W. Girrorp, Secretary 


REPORT OF THE MEMBERSHIP COMMITTEE 


The current year began with a membership of 430. During 
the year we have gained 60 new members, 26 of these joining at 
the time of the Tenth Summer Conference. Thirteen members 
have resigned from the Association, and eight have had to be 
dropped for nonpayment of dues, making our total membership 
to date 469. This is the largest number of members which the 
Association has ever had. 

It is interesting to report that New England now extends as 
far west as the Philippines, as far south as Mexico, as far east as 
Iraq, and as far north as Ottawa, Ontario. We have already 
been able to be of some service to our Philippine member by 
sending him back copies of the Report and of Tar JouRNAL to 
help meet the deficiencies in the Legazpi Junior College library 
which was completely destroyed during the occupation. It seems 
quite possible that we shall be able to help our new Mexican 
member who is anxious to exchange ideas with his new New Eng- 
land associates. 

Members can be of great help if they will suggest to the Secre- 
tary or to members of the Executive Committee the names of 
those whom they think may be interested in joining us. 

Dorotuy W. Girrorp, Secretary 


Upon motion it was voted that the above reports be 
accepted with appreciation to the Secretary for her 
services. 


REPORT OF THE ENDOWMENT FUND COMMITTEE 


Balance, May 5, 1948 $2131.69 
Income credited in the period May 6, 1948, 
through May 5, 1949 
Watertown Cooperative Bank.......... 
Newton Savings Bank 
Two per cent of dues for 1947-48 


20.00 


May 6, 1949, withdrawal from Newton Sav- 
ings Bank $162.66, total income for 2 
years, by check payable to Carroll B. 
Gustafson, Treasurer, leaving a bal- 
ance of $1046.89 in the Newton Sav- 
ings Bank 

Balance, May 6, 1949 


Investments, May 6, 1949 
Five shares, Watertown Cooperative 
Bank at cost 
Balance in Newton Savings Bank : 
Total Resets, Way OG; 1980 ns eo ies ee 


Avery A. AsHpown, T'reasurer 
Trustees Permanent Trust Fund 


2041.80 


REPORT OF THE CURATOR 


The work of the Curator may be divided into three parts: 
(1) receiving and storing materials of historical value to the 
New England Association of Chemistry Teachers, (2) carrying 
out specific duties set by the bylaws, and (3) developing special 
projects. 

In connection with the first duty, much time ha’ been given 
during the past year to sorting and arranging the materials in 
the files. Many duplicate items have been eliminated. While 
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far from ideally arranged, it is pleasing to report that the files 
are in good order. 

Under the second duty, the permanent card file of membership 
has been completed. This file is maintained in two parts: 
one for the active members, the other for persons who have, for 
one reason or another, been dropped from the active rolls. As of 
March 7, 1949, the Association had elected to membership 1664 
persons, 

Something over 40 per cent of the active members have re- 
turned questionnaires. The data on these have not been trans- 
ferred to the permanent card file but is being maintained sepa- 
rately in alphabetical order. 

As the names are received from the Secretary, new members 
have been sent a packet of material consisting of a membership 
manual, a copy of the constitution and bylaws, a questionnaire, 
and a reprint of Ralph K. Carleton’s article on the history of the 
New England Association of Chemistry Teachers which ap- 
peared in the JouRNAL OF CHEMICAL EDUCATION some years 
ago.! 

In discharging his third duty, the Curator assisted the Secre- 
tary in preparing the membership manual issued this year to 
commemorate the Fiftieth Anniversary of the Association. This 
project would have been difficult indeed but for the permanent 
card file of membership. 

With the approval of the Executive Committee, the Curator 
has assisted 22 libraries to develop collections of Reports of the 
New England Association of Chemistry Teachers. An account 
of this project w2s printed in the March, 1949, issue of Tu1s 
JouRNAL.? In addition to the institutions listed earlier, collec- 
tions of Reports have been forwarded to Massachusetts Institute 
of Technology, Dartmouth College, University of Illinois, Colby 
College, Iowa State College, Library of Congress, and Duke Uni- 
versity, in many instances to supplement collections already at 
hand. With the exception of the collection at Wesleyan Univer- 
sity, none is complete. However, the printed records of the As- 
sociation are now quite widely available. A card file of the 
numbers missing from each set is maintained by the Curator 
with the hope that he may be able to supply other numbers to 
the libraries in the future. The donations to the various librar- 
ies have reduced the stock of Reports to a point where the project 
must rest until further supplies of out-of-print Reports come to 
light. Rather exhaustive efforts to uncover additional supplies 
have been unavailing recently so that it seems likely that little 
more can be done with this project. The Curator would be happy 
indeed to receive donations of Reports, particularly those of the 
first 75 meetings. 

R. E. Kerrsteap, Curator 


Upon motion it was voted that this report be ac- 
cepted. 


NOMINATING COMMITTEE 


The Vice-President called for nominations from the 
floor for a person to be elected to the Nominating 
Committee for a period of three years, pointing out 
that the term of Elizabeth Hollister has expired, that 
Donald Gregg has one more year to serve, and that 


Milliard W. Bosworth has two years to serve. Upon 
motion Elizabeth Hollister, Williams Memorial In- 
stitute, New London, Connecticut, was re-elected. 

For the Nominating Committee, Donald Gregg pre- 
sented the following slate of officers who were unani- 
mously elected: 


President, John R. Suydam 
Vice-President, Helen W. Crawley 





1 Carterton, R. K., Tuts JourNAL, 18, 82 (1941). 
2 Report OF THE N.E.A.C.T., Tuts JOURNAL, 26, 176 (1949). 
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Secretary, Dorothy W. Gifford 

Treasurer, Carroll B. Gustafson 

Chairman, Northern Division, Charles E. Vose 
Chairman, Central Division, Otis E. Alley 
Chairman, Western Division, William O. Brooks 
Chairman, Southern Division, William S. Huber 
Curator, Ralph E. Keirstead 

Auditor, 8. Walter Hoyt 

Endowment Fund, Elbert C. Weaver 


EDITOR 


Laurence S. Foster reported informally as Editor of 
the Report and of the Newsletter. Several members 
present expressed appreciation for the additional cover- 
age afforded by the Newsletter which carries more per- 
sonal and informal items. Announcement was made 
that Constance M. Bartholomew, Chicopee High 
School, Chicopee, Massachusetts, has been designated 
by the Executive Committee as Assistant Editor of the 
Newsletter for the coming year. 


ELECTION OF HONORARY MEMBERS 


The Honorary Membership Committee, comprised of 
Helen Crawley, Laurence S. Foster, and Eldin V. Lynn, 
Chairman, reported the election of two members to the 
honorary membership with the following citations. 

GorHAM WALLER Harris: His lifelong interest in 
science and especially in the teaching of chemistry well 
entitles him to honorary membership in the New Eng- 
land Association of Chemistry Teachers. He has 
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been a member for twenty-eight years, taking active 
interest in the affairs of the Association until his retire- 
ment from the faculty of Simmons College, Boston, in 
1943, because of illness. Dr. Harris was one of the 
incorporators of the Northeastern Section of the Ameri- 
can Chemical Society and served as Editor of the 
Nucleus, official organ of the Section. 

Water T. Durnan: For twenty-four years, he has 
been an active member of the New England Associa- 
tion of Chemistry Teachers, and resigned from active 
membership at the beginning of the current year upon 
his appointment as headmaster of the Boston Technical 
High School. A veteran of World War I with two 
years’ experience overseas with the A.E.F., Mr. Durnan 
worked as a chemist for two years, then began teaching 
in the Boston Mechanic Arts High School He subse- 
quently served as a Science Teacher in Boston English 
High School and Dorchester High School. Since 1933 
he had been Head of the Science Department at the 
South Boston High School and for three years, Prin- 
cipal of the South Boston Evening High School. 
Throughout his long career as a teacher and administra- 
tor he has maintained his interest in the affairs of the 
Association. 


Presentation of the Treasurer’s annual report was 
postponed until after the end of the fiscal year, June 30, 
1949. 

No further business appearing the meeting was ad- 
journed, sine die, at 3:00 P.M. 


Keceut- Beales 


® A DIRECT ENTRY TO ORGANIC CHEMISTRY 


John Read, Professor of Chemistry, United College of St. Salvator 
and St. Leonard in the University of St. Andrews, Scotland. 
B. Ifor Evans, General Editor. Methuen & Co., Ltd., London; 
Transatlantic Arts, Inc., Forest Hills, New York, 1948. xiii + 
268 pp. 20 figs. 4s. 6d. (ca. $0.92). 


Tue ‘“‘Home Study Books” is an English series written for 
those who have had their education interrupted by the war. 
This, the only chemistry book of the series, is mainly according to 
the Preface for those whose education stopped just short of or- 
ganic chemistry. Secondly, it is for the “intelligent layman’ 
with no basic foundations in chemistry. In a short, book such as 
this it is obvious that there cannot be sufficient background 
material for those who have not previously studied chemistry. 
Yet it must be recognized that the book is written in such a 
manner that very much background material is not needed. Itis 
not supposed to be a textbook. It, however, is not just another 
book about organic chemistry, for it does give real information. 

The book is well written and very interesting in style. The 
author makes many allusions to English literature, some so 
definitely peculiar to Great Britain that the American reader may 
not understand them, but they do not detract from the book. 
Contained are twelve chapters, a short, bibliography, and an 
appendix. In the introductory chapter “A chemist in the 
kitchen” the background for chemistry is given. In this section 
two and one half pages are devoted to a discussion of elements and 


compounds, and to organic and inorganic chemistry. Although 
the points are good it is certainly difficult to present more than a 
very sketchy background. The second chapter “Settling the 
preliminaries” deals with atoms and molecules. This is a bit 
better, but still is devoid of some real explanations such as the 
equation. The book improves as it goes along, and the third 
chapter ““Mapping the molecule” which deals with structure of 
organic compounds, has some interesting points. Isomerism is 
likened to anagrams. Thus HORATIO NELSON is isomeric 
with HONOR EST A NILO and LO, NATION’S HERO. With 
the next chapter “introducing hydrocarbons” organic chemistry is 
discussed in a systematic way. Here the author’s clear style is 
especially noted. Oxygen enters next, and a wealth of material is 
given in the following two chapters. Nine functional groups are 
taken up, with a heavy emphasis on fats, waxes, and oils in the 
last part. Next comes “Molecules in the mirror” followed by 
“Carbohydrates.” Quite late nitrogen is introduced; then fol- 
lows a chapter on “Organic energy.”” The rest of the book is 
essentially devoted to natural and synthetic products. 

Minor criticisms would include what can be expected in a short 
work: oversimplification. It is unfortunate that a section like 
the ‘Art of synthesis” tells us nothing at all. The one serious 
objection is the lack of any attempt to show systematic nomencla- 
ture. Attention is not called to the fact that the ending of the 
name is a clue to at least one functional group in the molecule. 

On the positive side, which more than overshadows any points 
against the book, is the avoidance of any arbitrary classifications; 
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thus aliphatic, aromatic, and heterocyclic compounds are dis- 
cussed where apropos. The author’s extensive cross references 
make much repetition unnecessary. In a final evaluation the 
book can certainly be recommended, for in the main the author 
has succeeded in carrying out his primary objective, that is to 
give the man who has interrupted his education a chance to get 
“A Direct Entry to Organic Chemistry.” 


ARTHUR FURST 
University or San FRANCISCO 
San Francisco, CALIFORNIA 


e) A SCHEME OF QUALITATIVE ORGANIC ANALYSIS 


Frederick J. Smith, Sr., Lecturer in Chemistry, City of Liverpool 
Technical College, and Emlym Jones, Head of Chemistry De- 
partment, Rutherford College of Technology, Newcastle. Blackie 
& Sons, Ltd., London, 1948. vii + 320 pp. 88tables. 15.5 x 
22.5cm. 17s. 6d. net. 


Tuts new book presents “‘a systematic scheme of examination 
whereby classes of organic compounds are eliminated one by 
one.” The analytical system somewhat resembles that of 
Mulliken. Primary classification is based on elementary com- 
position and establishes eight Groups (corresponding to Mulli- 
ken’s Orders), each presented in a separate chapter. For each 
Group there is outlined a Preliminary Examination listing first in 
tabular form the functional types included and specifying some 
useful tests and derivatives. The operations of the preliminary 
examination include, as appropriate, observations of physical 
characteristics, effects of ignition, solubility in water, reaction 
to litmus, effects of heating with soda lime, action of dilute and 
of concentrated sulfuric acid, action of sodium hydroxide solu- 
tion, and silver nitrate tests for lability of halogen. The func- 
tional types thus suggested are mentioned, and this information 
serves as a guide and control during later application of func- 
tional tests, especially in the cases of compounds of multiple 
function. 

The subdivision of Groups into Classes (corresponding to 
Mulliken’s Genera) is wholly functional, and consists in applica- 
tion of selected Classification Tests in fixed sequence such that 
each test (after the first) is valid if preceding classes have been 
excluded. It is pointed out that ‘‘the results of the classification 
tests must agree with the deductions drawn from the preliminary 
examination” and that a lack of consistency ‘‘calls for repetition 
of the tests involved.” This advice will be approved by ex- 
perienced teachers, for students often show disinclination or in- 
ability to evaluate the significance of a number of results con- 
sidered simultaneously. The search is finally brought to a re- 
stricted group of functionally similar species, for which methods 
are given for preparation of identifying derivatives, and tables 
listing names and constants for the compounds and for selected 
derivatives. There is a chapter dealing with a few compounds 
of miscellaneous character (containing phosphorus or arsenic), 
and a final chapter in which is outlined a procedure to be ap- 
plied to mixtures. This is designed to serve for mixtures of not 
more than three components which are functionally dissimilar 
and readily separable. The scheme of separation involves 
volatility, and solubilities in ether, water, sodium hydroxide 
and hydrochloric acid, and it yields six “fractions,” for each of 
which the further procedure is outlined. 

An Appendix describes preparation of 12 reagents. The 
Index is in two parts, viz., a general index and an index of com- 
pounds. 

The book is a laboratory guide. Its informational sections, 
aside from generally minimal discussions of the chemistry and the 
indications of some of the tests, are limited to brief introductory 
remarks, including some on the preparation of derivatives, recom- 
mendations as to melting point and boiling point determinations 
(totaling ten pages), and a brief account of the detérmination of 
specific rotation. Documentation is limited to a single entry 
(page 34), thus depriving the student (where library facilities 
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are available) of opportunity readily to secure any special in- 
formation he may need for effective application or interpretation 
of certain of the tests or for satisfactory preparation of certain 
derivatives. The numerous tables are placed in appropriate 
places in the text, 7. e., are not massed as a separate section. 
The list of compounds is rather large, and includes some types 
and some individual compounds not usually encountered in 
student laboratories. A few of the compounds included seem to 
be risky as unknowns, e. g., nitroform, chloropicrin, and thio- 
phosgene. 

Upon cursory examination it appears that the analytical scheme 
has been elaborated with much care and thought. Time did not 
permit a careful consideration of the validity of the sequences 
when applied to certain individual compounds known to make 
trouble for students. If it may be presumed that the authors and 
their students have verified this feature of the scheme for all or 
most of the compounds listed in the tables, it is safe to say that 
this book could be made the basis of a highly instructive course. 
The laboratory work should be accompanied by lectures or other 
type of instruction to supplement the rather bare presentation 
of procedures in the laboratory manual. 

The scheme presents a somewhat formidable array of tests. 
It is my belief that the study of the system, and an appreciation 
of its structure and of the plan of attack, would be helped by in- 
clusion of a well-arranged outline of the entire analytical scheme. 
Many of the tests are conventional, but some are less familiar or 
are interesting variants of common procedures. The organiza- 
tion of a laboratory to accommodate the course outlined would be 
facilitated if a list of the required reagents and supplies were given. 
With a few exceptions the tables present for each compound 
only a single constant, e. g., melting point or boiling point, even 
when both are determinable and useful. There is small depend- 
ence upon other physical constants such as specific gravity or re- 
fractive index, and these are entered only sparingly. Some of the 
procedures seem rather elaborate and are operated on a scale 
somewhat large for qualitative work, e. g., the use of a 10-gram 
sample for saponification of an ester or lactone (p. 67). Some re- 
actions may be of doubtful utility, e. g., the conversion of sulf- 
hydryl compounds to thioethers and thence to sulfones (p. 188). 
The recognition and treatment of ammonium and amine salts 
are more explicitly dealt with than is the case in some other 
manuals. 

Solubility plays an inconspicuous role in this analytical sys- 
tem, and is not actually a basis for classification. Teachers who 
believe that classification by functions is more logical and more 
effective pedagogically than classification by solubilities may 
find this book to offer some of the advantages of Mulliken’s illus- 
trious but now scarcely adequate work, or of the well-begun but 
unhappily incomplete revision of that masterpiece by Huntress. 

The book is substantially and attractively bound in dark blue 
cloth, is on excellent paper, and the arrangement and typography 
are above criticism. The level of accuracy seems to be high. 
The text of the book is simply written and contains few errors, 
many of which are immediately recognizable. A list of the 
minor errors discovered has been sent to the authors. 


E. C. WAGNER 


UNIVERSITY OF PENNSYLVANIA 
PHILADELPHIA, PENNSYLVANIA 


) CHEMISTRY FOR THE NEW AGE 


Robert H. Carleton, Executive Secretary of the National Science 
Teachers Association, Washington, D. C., and Floyd F. Carpen- 
ter, Principal of Stivers High School, Dayton, Ohio. J. B. Lip- 
pincott Company, Chicago, 1949. xiv + 688 pp. 280 figs. 
16 X 23.5cm. $3.20. 

“Cyemistry for the New Age” is a notable new text, fully 


up to date in content and in teaching techniques with an abund- 
ance of stimulating exercises designed for self-testing. These 
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tests are one of the unique features of this book and embody the 
latest and most significant trends in science and pedagogical 
methods recommended by specialists in testing. These learning 
exercises offer a range of information that tests facts for the under- 
standing and application of them; for example, ability to apply 
principles from data or situations given; learning to distinguish 
between facts and inferences; and learning to draw conclusions. 
Collectively, the testing program in this text includes some 250 
discussion questions, about 200 quantitative problems, and 
more than 1000 test items! No teacher who uses this book will 
ever lack subject matter or testing material. The arrangement of 
subject matter follows a unit plan, nine in number. There is a 
14-page glossary. 

The purpose of this text, according to the authors, is twofold: 
(1) to “contribute generously and effectively to the general 
education of all the students”; and (2) to “help lay the foundation 
needed by some of the students for later specialization in sci- 
ence.” The reviewer feels that the authors have accomplished 
their purpose by selecting their subject matter from classroom 
experiences for their potential value in promoting growth in 
knowledge, growth in skills, and development of attitudes and 
appreciations. The text is well illustrated. ‘Chemistry for a 
New Age” will serve well as a basic class text or as a supplement- 
ary reference text. 


GRETA OPPE 
Tue Batu Hiex ScHoo.i 
GALVESTON, TExas 


& LABORATORY OUTLINES AND NOTEBOOK FOR 
ORGANIC CHEMISTRY 


C. E. Boord, Professor of Organic Chemistry, Ohio State Univer- 
sity, W. R. Brode, Associate Director, National Bureau of Stand- 
ards, and R. G. Bossert, Associate Professor of Chemistry, Ohio 
Wesleyan University. John Wiley and Sons, Inc., New York, 
1949. Second Edition. xi + 282 pp. 33 figs. 20 X 27 
cm. $3, Spiral, bound, paper cover. 


THERE are apparently two major prevailing philosophies in 
regard to the teaching of elementary organic chemistry labora- 
tory. In addition to the teaching of some basic laboratory 
technique, one school of thought feels that the beginning labora- 
tory should serve as an introduction to the physiochemical theory 
behind the operations. The other school feels the most which 
can be accomplished in this first course is the ‘teaching of the 
principles of organic chemistry which lend themselves to labora- 
tory study.” 

The second edition of this laboratory manual will more than 
adequately fill the needs of the latter group (for a review of the 
first edition see Tuts JouRNAL, 18, 300 (1931)). The extensive- 
ness of the revision can be gathered by reading the preface: 
most of the experimental details have been rewritten, the ques- 
tions at the end of the experiments have been revised, and a 
number of new experiments have been added with a greater em- 
phasis on aliphatic chemistry. Among these are: propylene 
and propylene dibromide, properties of the various hydrocarbons 
and alcohols, dicarboxylic acid-hydroxy acids. Particularly 
intriguing to this reviewer are hydrolysis of nylon, thiokol type 
rubber, and the preparation of DDT. This edition is also de- 
signed for a standard thirty-six-week course with two laboratory 
periods per week. Suggestions are made for shorter courses. 

One thing makes this laboratory manual outstanding. It is so 
organized that lecture and laboratory material can be given 
close together, can in fact, coincide. Actually the book is much 
more than a simple manual. It includes questions at the end of 
the experiments, and also an entire section devoted to homology, 
isomerism, and nomenclature. There are other sections on 
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molecular structure, using models which help the student visual- 
ize the geometry of the molecules. The illustrations are superb. 
They are clearly drawn and can saye the instructor much valuable 
time. Another good idea incorporated is that space is given for 
the instructor’s approval of the setup prior to the performance of 
the experiment. Thesystem of using “‘pro rata” packaging is an 
excellent teaching device. It not only keeps the reagent shelf 
from becoming too congested, but it teaches the student that 
the supply of starting materials is not unlimited. 

Had this reviewer been asked to check the original manu- 
script he would have made the following comments to the au- 
thors. There are a few omissions which if corrected would make 
this book really complete, and would satisfy even those who give 
some theory behind laboratory operations. Exercise 2 deals with 
Extraction, but there is no discussion of a “‘K’”’ per se; it could be 
very simply presented. Exercise 3 on Crystallization fails to 
mention solvent-pairs; there is a brief statement about them 
on page 220. Two azeotropic diagrams appear on page 18, but 
no diagram of a mixture that obeys Raoult’s law is given for 
comparison, of course, it is recognized that a reference is given 
at the point. No stem corrections are mentioned, yet thermom- 
eters are calibrated. No hint is given that Grignard reactions 
may be hard to start. Naturally, it is true that all of these 
points can be covered by the lecturer. 

The print is very clear, the manual directions are extremely 
well written, the diagrams are outstanding, the choice of experi- 
ments is excellent. In short, this reviewer feels that the busy 
instructor will welcome a book such as this. 


ARTHUR FURST 
University or SAN FRANcIscO 
San Francisco, CALIFORNIA 


e NATURAL PRODUCTS RELATED TO PHENANTHRENE 


Louis F. Fieser and Mary Fieser, Department of Chemistry, 
Harvard University. American Chemical Society Monograph 
No. 70. Reinhold Publishing Corp., New York, 1949. xii + 
704 pp. 15.5 X 23.5cm. $10. 


Tuts excellent books contains the following chapters: Chapter 


I, “Quinones; morphine and related alkaloids”; Chapter II, 
‘Resin acids”; Chapter III, ‘“Sterols and Bile acids’; Chapter 
IV, ‘Sex hormones”; Chapter V, ‘“‘Adrenal cortical hormones’’; 
Chapter VI, “Steroid metabolism’; Chapter VII, ‘Cardiac 
active principles”; Chapter VIII, “Steroid saponins’; Chapter 
IX, ‘‘Steroid and terpenoid alkaloids’; and Chapter X, “‘Stereo- 
chemistry of the steroids.” 

The highly important chapter entitled ‘‘Stereochemistry of 
the steroids,” written by Dr. Richard B. Turner, is an out- 
standing critical survey of the subject. 

“The advances of the past decade have been so generally ex- 
tensive that the present edition represents a complete overhaul- 
ing of the original book, with retention merely of a few of the 
sections describing events in the history of the science that have 
become classic.”’ As an evidence of the thoroughness of the 
authors, it might be stated that appreciable material not yet 
published in the periodical literature is included in the book. 
This has been made possible by the authors having been provided 
with manuscripts which were in press at the time the book was 
sent to the printer. 

Organic chemists and biologists are deeply indebted to the 
team of Fieser and Fieser for an exceptionally good work. 


HENRY GILMAN 
Iowa State CoLiece 
Ames, Iowa 








Johan Kjeldahl about 1895 
(See page 459) 
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answers “light questions” more reliably, 
with greater darkroom versatility, space 
economy, and with higher sensitivity 
than any other instrument of its type! 
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PHOTOMETER 
AND DENSITOMETER 


No. 2150. 
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An ultra-sensitive, stable and economical device that determines accurately exposure, transmission 
density, reflection density, color balance, and other processing data in a simple, rapid and fool- 
proof manner. Easily operated by laboratory technician or experimental photographer. 


No. 2150 DENSICHRON Densitometer and Exposure Meter. This unique instrument provides 
density ranges of: 0 to 1, 1 to 2, 2 to 3, and 3 to 4, The light measuring ranges are: .005, .05, 
0.5, and 5 foot candles. The sensitivity controls provide 4 decades by the range switch with 1 
decade continuous and an over-all control of 10,000 to 1. No zero adjustment is required. The 
dial lights are controlled from the panel switch. The meter is a sensitive, yet rugged instrument, 
with an expanded, easily-read scale. The maximum light sensitivity is 10 micro lumen. The 
DENSICHRON is supplied with a blue sensitive light probe. However, a red sensitive probe 
is available. Six measuring apertures are supplied as well as 1 cone % inch in diameter, 1 retaining 
ting, and 1 opal glass disc 34 inch in diameter. The amplifier is 714 inches high, 13 inches long 
and 5 inches wide and weighs 11% pounds. The current consumption is 30 watts. Complete 
as described but only for operation on 115 volt 60 cycle A. C. 
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PATENTED MAGNEPHOT 
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Patent No, 2424933 


The DENSICHRON is th: only light device 
featuring the unique MAGNEPHOT system 
illustrated above. Named by its inventors 
after the principle of MAGNEtic PHOTo- 
current modulation, the Kalmus-Striker Magne- 
phot system transforms light into A. C. vo'tages 
tight inside the phototube of the DENSI- 
CHRON by applying to it an A. C. magnet 
field. These A. C. voltages can be amplified 
without troublesome zero-drift, humidity or 
warm-up effects which demand constant atten- 
tion and readjustments. The Magnephot 
system is not an improvement. In the DENSI- 
CHRON it creates a fundamentally new device. 
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How many times have we heard it said that, more 
important than his technical training, the principal fac- 
tors in a young chemist’s success in his job are his per- 
sonality, his cultural background, and his ability to get 
along well with his associates. Once—or more—I have 
been willing to argue that point, for I don’t believe it 
can be accepted without qualification. But this time 


let’s let it ride; it gives me an excuse for the sermon I 
have in mind. For, leaving aside the question of rela- 
tive values, it certainly is important, in anybody’s 
job, for him to operate without friction on those about 
him. 

“How to make friends and influence people’”—I’ve 
never read the book but I am sure I know its secret. 


There is really no mystery about it. Friendship is a 
simple reversible reaction; it is contagious, self-genera- 
tive. If you want other people to be friendly toward 
you, you must be and feel friendly toward all who are 
about you. But it’s got to be genuine. Only the true- 
colored friendship fits into the picture; the least off- 
shade quickly shows itself up for what it is. 

Really, it isn’t hard. After all, people are the most 
interesting things in the world, and, on the whole, the 
most worth while. Someone said, you know: “God 
must have loved the common man; he made so many of 
them.” 

If we are continually picking out the faults in those 
about us, they will soon pick out ours, and we will not 
get along very well together. If we can find it in our 
hearts to like people for what they are, they will accept 
us in the same way. It is not a question of being 
gullible, merely tolerant. But it must be a genuine 








tolerance, sincerely felt. Remember the old jingle: 


“There is so much that is good in the worst of us 
And so much that is bad in the best of us 
That is doesn’t behoove any of us 
To talk about the rest of us.” 


One other thing is necessary for attracting and hold- 
ing friendship: honesty and stability. If you say one 
thing and mean another you will soon be talking to 
yourself. 

“Love thy neighbor as thyself” may bring forth the 
reply “Am I my brother’s keeper?” to which question 
Christian doctrine requires an affirmative answer. 
But we are today in a world apparently bent on chang- 
ing its judgment of values. The taunt “Surely you 
don’t think that society owes you a living’ no longer 
gets an indignant denial, but rather a careless shrug or a 
“So what?” 

We must find some way of solving these large social 
problems of today without losing sight of their personal 
and individual implications. Modern politico-optical 
equipment apparently makes it easier to distinguish, 
without squinting, the difference between private 
charity and governmental beneficience. Still, we must 
resist the temptation to exchange our personal conscience 
for a share in a larger “social conscience” in order that 
the latter, when it pricks, shall have to cover so much 
territory that it doesn’t hurt. 

To come back to the main thesis, official edict can, of 
course, make us work together but it can’t make us 
like it, or like each other; only the good old-fashioned 
Christian virtues will do that. Let’s try them. 





€ A PHILOSOPHY OF TEACHING 


Tue philosophy of teaching which I am submitting 
to you has evolved during nearly a half century devoted 
to the twin activities of teaching and research. The 
“activation energy” which caused me to commit it to 
writing was furnished by word from the Editor of the 
JOURNAL OF CHEMICAL EpvucATION that at least one 
chemist, somewhere, had expressed curiosity about my 
theories of teaching chemistry. I took this as a com- 
pliment since editors reject papers often but solicit 
them rarely. 

After the paper had been written, and while it was 
undergoing the ripening process important for perfecting 
cheese, wine, and papers such as this, there came the 
flattering invitation to receive the Remsen Award and 
to deliver an address suitable to the occasion. I offered 
a purely scientific topic but suggested that my paper 
on my philosophy of teaching might be equally appro- 
priate in view of the fact that Remsen was not only a 
great chemist but also a great teacher. I take the 
position, as you will see, that teaching and research 
are complementary and not antithetical activities at 
the level of college and university, and I trust that my 
address, in this respect at least, may be worthy of the 
memory of Ira Ramsen. 

Mine is a philosophy in a Socratic or Confucian sense; 
it is a way that appears good to me, not a logical system 
that another should necessarily follow. It seems 
appropriate, therefore, to present it somewhat conver- 
sationally and to speak in the first person. My philos- 
ophy begins with a principle of conduct which is 
applicable not only to teaching but to all of life. It is 
well expressed in the homely adage, ‘‘Whatever is worth 
doing at all is worth doing well.’”’ This sounds like a 
moral maxim but it is in reality only good common 
sense, because a consciousness of skill, of artistry, of 
accomplishment in the face of difficulty, are essential 
ingredients for a satisfying life. Even the uninteresting 
tasks that are a necessary part of the lives of us all 
can be transformed by this principle into interesting 
games. Let me illustrate. In my youth I once faced 
@ summer vacation during which, as a dutiful son and 
nephew, I had the cleaning of quantities of fish. Now 
cleaning fish is about the last activity one would choose 
for the sheer joy of it, but I had an idea. I decided to 
make a virtue of necessity. I invented motion analysis 
and found it possible, thereby, at each fish-cleaning 
session, to beat my preceding score of fish per minute. 
This was something that the fisherman could not usually 





1 Presented as the Remsen Lecture before the Maryland Sec- 
tion of the American Chemical Society at Baltimore, May 27, 
1949, 


JOEL H. HILDEBRAND 
University of California, Berkeley, California 


do, and it became really exciting as the scales flew and 
the stop watch ticked. So, if even fish cleaning could 
be thus made interesting, I am sure that almost any- 
thing can, and teaching, certainly. And the principle 
works both ways, for poor performance can spoil the 
fun of an inherently pleasurable activity. Swimming, 
for example, is a delightful sport for an expert but 
hardly for a novice who inhales water along with his 
air. 

I like to suggest to the occasional student who says he 
is not interested in chemistry that the fault may not 
lie entirely with the subject or the teacher but with the 
feebleness of his own effort. He may be one of those 
students who, as described by a certain exasperated 


teacher, comes to class, settles down onto the small . 


of his back and seems to say, ‘‘Well, here I am, now, 
damn you, learn me.” I like to suggest to students 
who confess to lack of interest that they dismiss the 
question of their interest in chemistry and concentrate 
for a while upon interest in developing their own powers; 
that they approach chemistry as the candidate for a 
track team approaches the bar over which he is trying 
to jump, not because he is fascinated by the bar, but 
because he wants to improve his skill to surmount that 
kind of an obstacle. 

Now this principle applies to teachers quite as much 
as to students; indeed, the mistake many people make 
is not to apply this principle to all of their main activi- 
ties. There are persons who, although they teach for 
their living, do it so indifferently that they derive little 
satisfaction from it. - Some justify their indifference 
by the oft-repeated fallacy that the same person cannot 
be good at both teaching and research. That is not 
true, for many eminent scientists are superlative teach- 
ers. If an ambitious young instructor desires to demon- 
strate his ability at research, there are better ways than 
by neglecting his teaching obligations. Nor should 
a teacher expect that inferior scholarship will be taken 
as evidence of superior teaching. This is even worse, 
for although teaching is not essential to scholarship, 
scholarship is essential to teaching. How can a teacher 
interest his students in the subject at hand if he is not 
sufficiently interested in it himself to ask any hitherto 
unanswered questions? For that is the foundation of 
research. To ladle out knowledge from a stagnant 
pool is not good teaching. The discovery of truth and 
its transmission to others belong together, and their 
joint exercise can afford satisfactions greater than either 
one practiced by itself. 

There are some university teachers who regard it as 
beneath their dignity to teach freshman. I find this 
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difficult to understand. During thirty-five years, I 
have taught freshmen and graduate students. I have 
begun by operating on the raw material and ended by 
putting on some of the finishing touches, and I have 
found the beginning to be quite as interesting as the 
end. The raw material is far more plastic than it will 
be at any later stage; the freshmen are forming their 
habits, making their choices, finding out how to study 
und how to think. They are humble and receptive, 
full of purpose and hope. They are more dependent 
upon good teaching than at any later period, when 
they will have learned more about going under their 
own power. It is, therefore, more of a challenge to 
teach at this stage and more of an art to do it well. 
] am not alone in this opinion; it is the accepted doc- 
trine in the department to which I belong, where a 
number of permanent staff members regularly take 
charge of small freshman quiz sections. There have 
been as many as eight full professors so engaged during 
a single term. They have set a good example to our 
teaching assistants. 


THE JOB 


And now, what is the job? To this question there is 
no single, simple answer. A well-developed discipline, 
such as chemistry, presents more “infinite variety’ 
than Cleopatra. So do the students, for they. come 
from school with all grades of ability and preparation, 
from poor to excellent. Some come with interest al- 
ready aroused which it would be criminal to disappoint. 
Some are capable of becoming scientists and scholars, 
and should be so treated. The majority, although they 
will not become ‘“‘intellectuals,”’ will be the citizens who 
work and vote and should be prepared to do both as 
intelligently and wisely as possible. One may help 
them to think more clearly to keep reason at the 
steering wheel of life, with emotions in their place in the 
fuel tank. 

The task appears to many persons so diverse as to 
require two different courses, one for preprofessional 
training, another for what has recently come to be 
called “general education.’”’ This demand for separa- 
tion is based upon the lack of general educational value 
in those courses which deal mainly in facts and tech- 
niques, with laboratory exercises which encourage the 
student to see only what he is told he should see. I 
agree that this is not good general education but I 
claim that neither is it good preprofessional education; 
it is technical training only and should be left to voca- 
tional schools. The prospective professional chemist 
should, in his freshman year, be introduced to chemistry 
as a science, not merely to its facts, terminology, tech- 
niques and recipes. I heartily agree with the remark 
made by Professor Debye that “The use of a funnel 
in the mouth of the student is no way to instill an 
ability to think.” 

But how about the freshman who does not expect to 
become a scientist? It seems to be generally agreed 
that every educated person in these times should have 
some understanding of what science is all about, but 
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there the agreement ends. Some try to solve the 
problem by means of “survey,” or “integrated” 
courses, consisting often merely of brief exerpts from a 
variety of sciences. The men called upon to con- 
tribute these scientific scraps are considered to be such 
‘narrow specialists” (I cannot see why a specialist 
must be narrow) that it is evidently the students who 
must do any integrating that is achieved. My col- 
league, Professor John D. Hicks, has remarked that 
these so-called “integrated” courses might quite as 
properly be called “‘dispersed.” 

Now there is a profound difference between knowing 
some elementary facts about a variety of sciences and 
knowing what science -tself is about. It is the differ- 
ence between the upstart “general education” and the 
old and respectable “liberal education.’””’ The former 
is often spoken of as if it were merely an improved 
version of the latter, but judging from some of the 
curricula designed to impart it, it is a collection of mis- 
cellaneous and necessarily superficial knowledge which 
is to be poured into a student, usually within two years, 
after which he is “generally educated” and can either 
leave college or “‘specialize.”” The process of imparting 
it becomes much like one described in a delightful 
German rhyme, 


Wenn alles schlaft, und einer spricht, 
Den Zustand nennt man “Unterricht.” 


which I have freely translated as follows: 


When many sit in relaxation, 
While one dispenses information, 
We call the process education.? 


Liberal education is concerned primarily not with 
facts but with ideas. The liberally educated person is 
marked not by what he knows but by how and how 
often he thinks, and the liberalizing process accordingly 
should involve a generous amount of thinking. It can 
be only begun in college, but not there completed, not 
even in four years. But this beginning I regard as 
important as preparation for a profession and as liberal 
education, and, therefore, as you have by this time sus- 
pected, I am advocating a single approach in the fresh- 
man year to serve both purposes. [am well aware that 
this is a minority viewpoint, but one of my hopes in 
preparing this address has been to enlarge the minority 
who accept it. 


THREE WAYS OF TEACHING 


But before proceeding with my thesis, I wish to 
consider two other ways of imparting some under- 
standing which, unlike the potpourri of information 
which I have condemned above, are in accord with the 
liberal tradition. These have been ably discussed by 
President James B. Conant in his book entitled, “On 
Understanding Science.” He describes them in these 
words: “There are two ways of probing into complex 
human activities and their products: one is to retrace 
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2 HILDEBRAND, J. H., “‘The Low-Down on Higher Education,” 
James Ladd Delkin, Stanford, California. 
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the steps by which certain end results have been pro- 
duced, the other is to dissect the result with the hope 
of revealing its structural pattern and exposing the 
logical relations of the component parts, and, inciden- 
tally, exposing also the inconsistencies and flaws. 
Philosophic and mathematical minds prefer the logical 
approach, but it is my belief that for nine people out of 
ten the historical method will yield more real under- 
standing of a complex matter.’”’ He states the essence 
of his plan as follows, ‘‘What I propose is the establish- 
ment of one or more courses at the college level on the 
Tactics and Strategy of Science. The objective would 
be to give a greater degree of understanding of science 
by the close study of a relatively few historical examples 
of the development of science.” 

I doubt whether the philosophical and the historical 
approaches would be as distinct in practice as Dr. 
Conant implies. A philosopher could hardly avoid case 
histories and Dr. Conant philosophizes about the ones 
he uses as illustrations, and all teachers of chemistry, 
I am sure, use historical material. As I wrote these 
paragraphs, I had just come from delivering a lecture 
on “The Story of Helium.” Nevertheless, most 
teachers use history as seasoning rather than as the 
main diet. 

I contend that there is a third approach, one that is in 
better accord with what I have called the “Strategy and 
Tactics of Teaching.” Designating the two preceding 
approaches as the “logical” and the “chronological,” 
the one I advocate is the “‘psychological.” It is based 
upon two fundamentals of the psychology of learning, 
first, that it is easier to interest students in the more 
immediate, live problems than in the more remote, dead 
ones. The story of a scientific idea is far more exciting 
if it leads up to the present, into explorations still going 
on, with unsolved elements inviting immediate hypoth- 
eses and possible experiments. The discovery and 
isolation of plutonium has, I think, far greater pedagogic 
value than the story of the development of the air 
pump. The second fundamental is that “ability to do 
something difficult is developed not just by hearing 
it expounded but by first-hand effort and practice. 
The role of the learner must be an active one. If the 
goal of ‘understanding science’ on the part of laymen 
is to bring a little more reasonableness into human 
affairs, is not the most appropriate method the en- 
couragement of a little scientific thinking and experi- 
mentation on the part of students, even if necessarily 
on a rather elementary plane, rather than reliance solely 
upon descriptions of scientific effort by others? This 
principle is well understood in the realm of physical 
education, where muscular control is developed by per- 
formance, with repetition directed towards ever higher 
levels of difficulty and skill, and only incidentally by 
lectures and demonstrations. Athletes, including ama- 
teurs, are developed on the field, not on the bleachers.’’* 

I find powerful support for my contention in these 
words of Dr. J. R. Oppenheimer, in his fascinating 





3 Quoted from my review of Dr. Conant’s book in Tats Jour- 
NAL, 24, 570 (1947). 
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lecture entitled, ““Physics in the Contemporary World.’ 
In it he says, in part, “President Conant, in his sensitive 
and thoughtful book, ‘On Understanding Science,’ 
has spoken at length of these matters. He is aware of 
how false it is to separate scientific theory from the 
groping, fumbling, tentative efforts which lead to it. 
He is aware that it is science as method and not as 
doctrine which we should try to teach. His basic sug- 
gestion is that we attempt to find, in the history of our 
sciences, stories which can be recreated in the instruc- 
tion and experiment of the student, and which thus can 
enable him to see at first hand how error may give way 
to less error, confusion to less confusion, and bewilder- 
ment to insight.” 

“The problem that President Conant has here pre- 
sented is indeed a deep one. Yet he would be quite 
willing, I think, that I express skepticism that one can 
recreate the experience of science as an artifact. And 
he would no doubt share my concern that science so 
taught would be corrupt with antiquarianism. It was 
not antiquarianism, but a driving curiosity, that in- 
spired in the men of the Renaissance their deep interest 
in classical culture .... I am inclined to think that 
with exceptions that I hope will be many, but fear will 
be few, the attempt to give the history of science as a 
living history will be far more difficult either than to 
tell of the knowledge that we hold today, or to write 
externally of that history as it may appear in the learned 
books.” 


VARIOUS WAYS OF PRESENTING CHEMISTRY 


I and my colleagues have experimented for many 
years upon the problem of presenting chemistry to 
students in such a way as to activiate their minds, to 
stimulate them to develop some degree of skill to think 
and to act scientifically. This demands effort on the 
part of the teacher as well as the student. It is easy 
to make up exercises and examinations calling for facts, 
recipes, and parroted definitions; it takes time and 
thought by the instructor to construct those that call 
for thought by the students, but it can be done. The 
working out of an “unknown” in qualitative analysis 
offers one such opportunity. It is possible, of course, 
to treat “unknowns’”’ in qualitative analysis by the aid 
of only recipes and standard procedures, but it is possi- 
ble on the other hand to make each unknown a little 
piece of original research on the part of the student. 
Instead of asking a stock question such as “‘What is the 
standard method of separating iron and zinc?” one 
may put such a question as the following, “An unknown 
is made by selecting one or more of the following metals 
in powder form, Zn, Cu, Ag, Fe, and Al. Treatment 
with 0.1 M H.SO, gives effervescence, and leaves a 
residue, which, after separation from the solution, 
dissolves in 2 M HNO; to give a colorless solution. 
The sulfuric acid solution gives no precipitate on addi- 
tion of H.S but a black precipitate upon subsequent 

4 OPPENHEIMER, J. R., ‘‘Physics in the Contemporary World,” 


Second Arthur Dehon Little Memorial Lecture at the Massa- 
chusetts Institute of Technology, November 25, 1947. 
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addition of NaOH. On the basis of these observations, 
write in the space immediately following the formula, 
(+) for each substance known to be present, (—) 
for each substance known to be absent, and a question 
mark (?) for each substance whose presence is in doubt.” 
In order to answer such a question a student has not 
only to know his facts in terms of their actual, visual 
significance, but he has to think out the various 
cross-relationships, as in a game of chess. 

Again, some degree of understanding of the relation 
between atomic structure and the physical and chemical 
characteristics of matter is not tested by the mere 
recitation of facts regarding the Periodic System of 
elements, but it 7s required in order to answer a question 
like the following: “Atom X has an atomic number of 
10. Atom Y has 7 valence electrons, with 2 electrons 
in the group below the valence group. Atom Z has 11 
more extranuclear electrons than Y. Atom Q has 2 
valence electrons, with 18 in the underlying level. On 
the basis of these figures write the formula of: (a) 
the most stable ion of Y, (b) of Z, (c) the molecule of the 
free element X, (d) the molecule of the element Y, 
(e) the most basic hydroxide, (f) the most stable binary 
compound with hydrogen, (g) the most probably 
ammonia ion, (h) the hydroxide most likely to be am- 
photeric.”’ 

There is no chemist in this audience, however well 
educated, who could answer that question without con- 
siderable analysis, nevertheless, our freshmen do 
develop the ability to handle questions of that degree 
of difficulty. It can be done. We are not limited 
merely to pious hope that our students are gaining 
some degree of understanding of science—and not 
merely second-hand but first-hand understanding. 
I have a suspicion that the difficulty lies sometimes not 
with the students but with certain instructors, the kind 
whose own chemical knowledge is a stagnant pool, not 
a flowing stream, fed by sources high in the mountains 
of research. I have heard of instructors who were 
embarrassed by their inability to answer certain ques- 
tions in our freshman books, and who therefore conclude 
that the books are much too difficult for freshmen. I 
have more faith in freshmen than I do in some of their 
instructors, and I know a good deal first hand about 
freshmen because I have nearly always taken charge 
of a small quiz section of my own. If every lecturer 
to large classes would hold such a post-mortem on his 
lectures, he would learn a great deal about students 
and about himself. 

Laboratory experiments can be accompanied by 
questions such as these, “Predict what will happen 
when...., etc., and What conclusion can you draw 
from a comparison of the amount of silver chloride 
precipitated in your three tests?” 

The laboratory should be the central feature of the 
course, for it is there that the student assumes his 
most active role, but it is possible to inject the spirit 
of inquiry also into the lecture. One of my younger 
colleagues told me that he had been chagrined by the 
failure of a lecture experiment to turn out the way he 
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had said it would. I said to him, ‘When you are as 
old as I am you will never say, ‘I shall now show that 
...+, but rather, ‘Let us see what will happen if 

..’”’ While that is playing safe it is also better ped- 
agogy. The lecturer can introduce many topics in the 
form of questions. He can use dramatic suspense with 
telling effect, taking advantage of the superior possi- 
bilities offered by a subject such as chemistry. He 
should think n terms of lecture experiments, not lecture 
demonstrations. I have always felt thankful for my 
advantage over, say, the professor of economics, who 
cannot exhibit his “economic man’’ on the stage as I 
can my colors and explosions. It is an advantage en- 
vied me by a philosophic colleague who regretted that 
“a false syllogism in philosophy could not explode and 
injure the performer the way it could in chemistry.” 

Now a teacher squanders all his dramatic advantage 
if, in order merely to exhibit his knowledge, he tells 
in the first act how the plot is going to turn out. No 
playwright would commit that error. 


VALUE OF APPROACH 


But, the reader may well ask, does this approach 
accomplish its purpose? My answer is that the evi- 
dence has been favorable in enough cases to make me 
feel that our efforts have been very much worth while. 
It has been likewise often unfavorable enough to keep 
me in a wholesome state of humility and experimen- 
tation. I offer one interesting bit of unsolicited stu- 
dent testimony selected from many. This student 
wrote as follows: 


When I attended your first lecture for the semester, I found 
out exactly how I stood. Your picture of the “type problem,” 
memorizing student fitted me perfectly. I knew that either I 
must change my methods of studying or my proposed career as a 
medical research worker would be closed as a possibility. Well, 
I changed! Believe me, it was difficult to force myself to under- 
stand chemistry instead of simply to absorb it like a parrot. But 
I was able to do it. After a few weeks, my gray matter began to 
function properly and I was able to analyze simple problems and 
draw correct conclusions. The ability to do this type of analyti- 
cal thinking became easier after a time and I succeeded in ob- 
taining an ‘‘A”’ in the course. 

While the grade was important (as all “A’s” are to pre-med 
students) I believe the real value of your course in my case was 
to force me to use my brain correctly. + Since that time I have 
never lacked self-confidence as I formerly did. I am sure that 
my new-found ability to think has helped me to do better work 
in my other studies at California and will continue to help me 
throughout my life. 


But not every student, I must admit, responds like 
that one. In a class of over one thousand there are 
always some. who do not respond to any intellectual 
stimulus one is able to furnish. There are the students 
who feel guaranteed for life by father’s business and 
mother’s social position, and others whose minds 
simply cannot “take it,” like the boy who wrote a letter 
to me explaining his failure by his “low mentabolism”’ 
(a new term which surely deserves a place in our 
language). We university teachers should not be like 
sheep drovers, spending most of our effort upon the 
stragglers, we should spend much of it upon those out 
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in front who do not demand our attention. A univer- 
sity should be primarily not a place of compulsions but 
one of opportunities. If its attention is absorbed by the 
one, it cannot do justice to the other. One can make 
a rich fare available to students with robust appetites 
without trying to force anyone to swallow more than 
he can digest. I find, indeed, that stragglers are more 
stimulated by curiosity about what is happening up 
front than by any prodding I can deliver from the rear. 

I have been speaking thus far mainly about teaching 
and examining freshmen, but, as I stated earlier, I teach 
also graduate students, and I wish to add a few remarks 
about them. There are two questions to ask ourselves: 
one, ‘What are we trying to accomplish?” and, two, 
‘‘Will the means we propose to use be likely to accom- 
plish that purpose?” If one may judge from the means 
often employed in training and testing Ph.D. candi- 
dates, the purpose is to turn out walking encyclopedias, 
persons whose minds are stored with nformation. As 
the process actually works, however, the information 
the candidates try to cram into their minds is the par- 
ticular stock which the members of the examining com- 
mittee have in theirs. When I was preparing for my 
doctoral examinations I studied from a precious record 
of the questions asked during previous years by the 
several professors in the department, accumulated out 
of the goodness of their hearts by the previous victims. 
Fortunately for the prospective victims, most of the 
questions re-occurred with cyclic regularity. 

My role changing te that of inquisitor, I have become 
more and more grateful, as the years have passed, for 
my privileged position in not having to try to answer the 
questions put to the candidates by my fellow inquisitors. 
As chemistry has spread out in all directions, the por- 
tion of it at my command has become a continually 
shrinking portion of the total, and my scores on factual 
examinations would have sunk continually lower and 
lower. But fortunately for me, the only questions I 
need try to answer are those of my own choosing, and I 
am free to neglect others, as I must, in order to answer 
these. Indeed, in order to accomplish anything impor- 
tant in our short lives we must deliberately neglect a lot 
of other things and this principle guides the activities 
of every successful scientist. 

Now if we are trying to help graduate students to 
become scientists, should we not begin by treating them 
as scientists? Should we not encourage in them the 
qualities of the scientist, such as imagination, original- 
ity, initiative, judgment, and curiosity, expecting them 
to acquire the knowledge essential to their work but 
not insisting upon too much more? If so, should not 
the teaching and testing be designed to develop these 
qualities and not to keep candidates forever boning 
for examinations? A scientist is essentially a person 


who can solve problems, not a person crammed with 
information. 

When the Department of Chemistry in the University 
of California was taken over thirty-seven years ago by 
a group of young iconoclasts, our first move was to 
replace graduate courses on standard subjects by semi- 
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nars on subjects under active investigation by members 
of the staff. Next, we expected our students to begin 
research during their first year. Third, we limited the 
final examination to the field of the thesis, and even- 
tually abolished it altogether, basing our final judg- 
ment upon the candidate upon the research represented 
by his thesis. Fourth, we radically changed the nature 
of qualifying examination for advancement to can- 
didacy. We now permit the student to select his own 
weapons for his contest with the committee. He 
chooses three topics, one in each of the three fields— 
organic, inorganic, and physical—and prepares to 
discuss them critically with the committee, which 
judges him upon the qualities of mind exhibited in both 
the choice and the handling of his theses. We have at 
hand already his record in advanced courses and there 
is no point in finding out by further examination what 
we already know about him. We try to teach by 
drawing out the good in the candidate rather than by 
filling him up with our notion of what is good for him. 
If you think such teaching of graduates is too unorth- 
odox I ask you to consider the subsequent performance 
of the doctors who have been educated in this way. 


MORE ABOUT LIBERAL EDUCATION 


But to return to the liberal education of under- 
graduates; educational psychologists have discovered 
that there is only a pitifully small “transfer” from 
lessons learned in one field into another, and some have 
gone so far as to deny the possibility of any general 
mental discipline. I accept the finding that the trans- 
fer is small, but I believe that it may be, nevertheless, 
one of the most important fruits of sound education. 
The function of ideas is to connect subjects which ap- 
pear superficially unrelated, and a teacher who is not a 
‘narrow specialist”? but a broadly educated man, with 
a rich and varied experience, can do much to assist 
students to see possibilities for transfer. Consider, 
for example, a question like this, “Given that the 
following reactions occur as written: Br, + 2I- = 
I, + 2Br-; 2Fe+*+ + Br, = 2Fet*+* + 2Br-; MnO, 
+ 4H+ + 2Br- = Br. + 2H20 + Mnt+, what can 
you predict from these about the directions of the re- 
actions 2Fe++ + I, = 2Fett+t+ + 21-? 2Fett+ + 
Mn++ + 2H,O = MnO, + 4H+ + 2Fe++?” This 
disconcerts the average freshman as something alto- 
gether new, but one can point out that the logic involved 
is widely applicable; indeed, he uses it confidently 
when he predicts the winner of the “big game” from 
comparative earlier season scores. He should not shy 
away, therefore, from the same logic in algebra with 
x’s, y’s, and 2’s; or even with oxidation potentials in 
chemistry. 

Again, a teacher can make many openings for calling 
attention to the nature of the reasoning, and also to the 
spurious nature of much that passes for reasoning in 
advertising and politics. I have had fun discussing such 
claims as the one that the use of a certain tooth pow- 
der would make one’s teeth “from two and a half to 
five and a half times brighter.” Brighter than what 
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was not stated, just “brighter.” A properly educated 
person should question the standard, and how the 
brightness was measured, for if reasonably clean teeth 
could be made five and a half times brighter they should 
almost shine in the dark. I could write a book upon 
this theme, but this particular audience hardly needs 
my help in supplying additional examples. 

And if the teacher is not completely ‘narrow,’’ his 
students are likely to find it out, and be influenced by 
it, one way or another. I remarked casually to my class 
one day that the San Francisco orchestra was to play a 
Beethoven symphony on the campus that evening and 
I suggested that a good many of them might enjoy it if 
they should sneak away from the noises in their frater- 
nity houses and attend the concert. ‘There are two 
main types of music,” I said, “good music and popular 
music; good music is the kind that continually im- 
proves upon re-hearing, while popular music is so bad 
that no one can stand any single piece of it for more 
than one season.” I suggested that they would hear 
more in the symphony if they should get someone to 
explain the structure of a Beethoven symphony. That 
was all I said, but a flock of them came to the desk at 
the close of the lecture asking me to explain symphonic 
structure, so I gave an elementary exposition. After 
the concert, a number of them thanked me for awaken- 
ing them to a new appreciation. This and similar in- 
stances have convinced me that a scientist can do some- 
thing for the humanities which is all the more effective 
because it is extraprofessional. But one should try to 
do it only by hints, slipped in on the side, in small doses, 
and never by extended sermonizing. If overdone it 
may only set up resistance. A teacher should not go 
about “with his mind unbuttoned.” 

A liberal education, in my philosophy, is not a pack- 
age which can be delivered, complete, in the two years 
prior to specializing in a major, nor even in four years. 
It is a life-long process which can be only begun, but not 
completed, in college. It is not a particular curriculum, 
nicely balanced between conflicting departmental 
claims. It is not a certain body of knowledge, although 
it cannot be acquired apart from knowledge. Its best 
teachers are specialists who are not narrow; men dis- 
tinguished alike for the breadth and depth of their 
scholarship; men who not only think contagiously 
about their specialties but who are, at the same time, 
conscious of ethics, philosophy, politics, and the fine 
arts. Nor should their sense of the obligations of their 
calling be so narrow, according to my philosophy, as to 
end at the doors of their own particular laboratories 
and classrooms, as is implied in the statement of ““Com- 
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mittee A for 1947” (not the current committee) of the 
American Association of University Professors, pub- 
lished in the Spring 1948 number of the Bulletin, which 
states, ‘So long as the Communist Party in the United 
States is a legal political party, affiliation with that 
party in and of itself should not be regarded as a justi- 
fiable reason for exclusion from the academic profes- 
sion.” According to this doctrine, a teacher of mathe- 
matics, for example, so long as there were no complaints 
about his understanding of his subject or his teaching, 
should suffer no loss of academic respectability if he 
should become, say, a member of the Ku Klux Klan. If 
one should question the propriety of his joining a group 
which makes a practice of terrorizing Negroes, he could 
reply, “It is not illegal, besides, you are imputing to me 
‘guilt by association,’ and you can’t prove that just be- 
cause I belong to the Ku Klux Klan I really believe in 
its tactics, and furthermore, the right to belong to such 
an organization is part of my academic freedom.” I 
can hardly believe that many in this audience would 
accept such a defense. Surely, the only proper atti- 
tude for a university professor to take toward any en- 
emy of freedom must be that voiced by Thomas Jef- 
ferson when he said, “I have declared eternal hostility 
against every form of tyranny over the mind of man.”’ 

In short, teachers should not be engineers operating 
academic machinery, or schoolmasters bent on circum- 
venting student tricks. They should be men filled with 
the high ideal of a true university. A worthy philos- 
ophy of teaching must include such an ideal. I shall 
close with an expression of this ideal by John Masefield, 
in words more beautiful than any of mine, an ideal that 
should animate the teacher and, by his help and exam- 
ple, his students. 


There are few earthly things more splendid than a University. 
In these days of broken frontiers and collapsing values, when the 
dams are down and the floods are making misery, when every fu- 
ture looks somewhat grim and every ancient foothold has become 
something of a quagmire, wherever a University stands, it stands 
and shines; wherever it exists, the free minds of men, urged on to 
full and fair enquiry, may still bring wisdom into human affairs. 

There are few earthly things more beautiful than a University. 
It is a place where those who hate ignorance may strive to know, 
where those who perceive truth may strive to make others see; 
where seekers and learners alike, banded together in the search 
for knowledge, will honor thought in aj its finer ways, will wel- 
come thinkers in distress or in exile, will uphold ever the dignity of 
thought and learning and will exact standards in these things. 
They give to the young in their impressionable years the bond of a 
lofty purpose shared, of a great corporate life whose links will not 
be loosed until they die. They give young people that close com- 
panionship for which youth longs, and that chance of the endless 
discussion of the themes which are endless, without which youth 
would seem a waste of time. 
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e STUDENT ACTIVITIES SPONSORED BY THE 


DETROIT SECTION 


OF THE AMERICAN 


CHEMICAL SOCIETY 


Ons of the generally recognized functions of a pro- 
fessional society is the interest in the training of future 
members. ‘This is usually done by setting up standard 
requirements for schools and maintaining contacts 
with students in various ways. 

The Detroit Section of the American Chemical 
Society encourages students of chemistry to participate 
in the activities of the American Chemical Society. 
This is done through sponsoring a “student group” on 
an intercollegiate basis. 

In the Detroit area are six colleges which confer 
Bachelors degrees in Chemistry: Detroit Institute 
of Technology, Lawrence Institute of Technology, 
Marygrove College, Mercy College, University of 
Detroit, and Wayne University. 

Students from these colleges qualify for student 
associate membership in the Detroit Section, A. C. S. 
This student group has at this time about 150 mem- 
bers who meet once a month and elect their own 
officers.!. The activities of the group are supervised 
by the schools’ faculty advisors and the Educational 
Committee of the Detroit Section, A. C. 8. 

The meetings of the student group are, as a rule, held 
in conjunction with the monthly meeting of the Detroit 
Section, A. C. 8., in the Rackham Educational Me- 
morial Building. These meetings of the Detroit Section 
start with the monthly dinner. Recently we found 
some industrial firms willing to invite a limited number 
of student members as their guests at these dinners. 
After the dinner the main meeting of Section is held, 
followed by a meeting of the Student Associate Group. 

The group has been addressed by some excellent 
speakers, of whom the following should be mentioned: 
Dr. L. L. Quill, Chairman of the Department of Chem- 
istry of Michigan State College, who spoke on “Con- 
structive Student Activities’; Dr. Ralph Lee, Depart- 
ment of Public Relations, General Motors Corporations, 
on ‘‘Employer-Employee Relationships”, Dr. James 
B. Parsons, Dean of Students, University of Chicago, 
on “The Selection of a Graduate School.” 

Some of the meetings of the student group are de- 
voted to tours of factories and laboratories. Still other 
meetings are held in the different schools, and at these 
meetings students report on the fields of their special 
interest. The student speeches contain much infor- 
mation on the approach of students toward the pro- 
fession of their choice, also excellent compilations, or 





1 Detroit Chemist, 21, 11 (1949). 
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new and interesting details which these students them- 
selves found while working on research projects of 
their own. Summaries of some of these speeches are 
given below. 


6 POLAROGRAPHIC ANALYSIS’ 


RALPH SEIKEL and P. J. WILLSON 
Wayne University, Detroit, Michigan 


Summary. The theory and practice of polaro- 
graphic analysis were presented in the form of a slide 
lecture; analytical data were given from analyses 
carried out on a recording polarograph. This instru- 
ment has been built by P. J. Willson from war surplus 
material at a cost of about $50. 


@ STUDY BEYOND THE REQUIRED COURSE 
WORK? 


SHEILA M. O’TOOLE 
Marygrove College, Detroit, Michigan 


The regular matriculated student majoring in any 
one of the practical sciences spends a prescribed number 
of hours per week in the laboratory. During these 
periods he is expected to carry out a certain number of 
experiments according to a given method, as his prede- 
cessors did before him. The very reason he has 
chosen that particular field, nine times out of ten, is the 
result of his interest in the possibility of uncovering 
new facts or methods. If a student has never had a 
chance to do research, how can he know that he likes 
something which he has never tried in its hard practical 
form? 

Of equal importance with the student’s wish to do 
research is the need which exists for the correlation of 
a research project with his curriculum. As soon as 
the pupil receives his B.S. degree he steps—or rather is 
quite hurriedly pushed—from the amateur to the pro- 
fessional field. Suddenly, if he is working in an indus- 
trial or clinical laboratory, he must be acquainted with 
the many routine techniques and the machines used; 
if he goes on for another degree he should know some- 
thing of the skill of handling a research problem. 

The man who graduated from college with an A or 

2 Presented before the meeting of the Student Associate Group 


of the Detroit Section, A. C. S., at the Auditorium of the Detroit 
Institute of Technology, February 24, 1948. 
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B average is expected to be not only intelligent but 
individualistic and firm in his intelligence. He must 
have the opportunity to show this, and he should not 
be awarded such superior grades unless he does show 
it. For this reason, the system of undergraduate 
research should be adopted as a requirement for these 
“better” students and at least made available to the 


others. (By “requirement” here is meant a require- 
ment to maintain the superior grade standing.) There 
are some schools (e. g., Union College, Schenectady, 
New York’) in which “senior research” is a required 
course for all students. This is not advocated here. 

Undergraduate research and the work it involves can 
be selected so that it does not lie beyond the capability 
of the student. The point is that the student should 
work on some project, not appallingly difficult, but out- 
side of the class and the classroom, and he should write 
up his findings in a form suitable for publication. 
Most of the time the problem will entail the use of 
a technical instrument. At any rate, the student must 
first learn the theory of the field and its tools and then 
acquire the skill of manipulating a procedure and carry 
it out over and over with a uniform degree of precision. 

Several systems have been proposed for narrowing 
the research topics. Some professors advocate that 
the students all work under one instructor on one 
coordinated program.*® Far more appealing is the 
plan that the student choose from several topics, each 
of different types. Occasionally, a student will suggest 
his own topic. 

The actual nature of the topics has been discussed 
in some papers. In very large schools the student 
needs only to select a field and he is bound to find some- 
one on the campus doing research on it. In such a case 
he may easily fit himself into the existing framework. 
A novel suggestion to set up a correlating committee in 
the American Chemical Society came out a few years 
ago and is being taken up now. The Committee is to 
act as a clearing house on problems of scientific data. 
The idea arose from the many noticeable blanks and 
contradicting sets of data given in chemical handbooks. 
If the same problem were assigned to two or three 
students unknown to each other until checking results 
were obtained, the chemical data would be supple- 
mented and the students submitting the most satis- 
factory work would be awarded a certificate giving them 
national recognition. The time involved in undertak- 
ing a research problem constitutes a big factor for both 
instructor and student. The student must be willing 
to devote many hours to his project. Actually, once 
he is really interested in the problem, he is willing to 
spend the necessary time on it. 

Finally, the experiment should be written up for 
publication. Here the responsibility for having the 
article published usually lies with the instructor. 

* Hurp, C. B., J. Cue. Epuc., 21, 81 (1944). 

4 Surtu, G. B. L., J. Coem. Epuc., 9, 285 (1932). 

5 Yor, J. H., ibid., 18, 410 (1941). 

6 CorteLyou, W. P., anp E. H. Corretyov, ibid., 16, 





296 (1939); zbid., 13, 565 (1936). See also Chem. Eng. News, 26, 
2306 (1948). 
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It is highly desirable, therefore, that undergraduates 
carry out some research project. What they do will 
be determined by the locality and interests of the school, 
the faculty, and the students themselves. What they 
gain will depend on their own personalities and am- 
bitions. One thing is sure: in working on their re- 
search project they will unfold the hardships and 
beauties of the professional work of their choice. 


e ARE YOU PREPARED FOR THE DUTIES OF 
A CHEMIST IN A SMALL CHEMICAL PLANT?’ 


EDWARD HOFFHEINS 


Detroit Institute of Technology, Detroit, 
Michigan 


The chemist and his assistants follow the manufac- 
ture of materials through every step in the process; 
testing, spot-checking, and inspecting. It is easy to see 
how a thorough knowledge of the processes will help 
the chemist when a sample is submitted which does not 
meet specifications and he hopes to find the reason for 
the variance. 

Plant problems involving chemistry are also a very 
important part of hisjob. Very often speed is essential. 
A large batch of material may be ruined if delayed in 
process for extended periods of time and immediate and 
accurate decisions must be made. 

In the course of events the chemist will run across 
many of the following duties to either supervise or do 
himself, as often is the case in a small laboratory. 
No attempt is made to arrange these in order of impor- 
tance: 


Train laboratory personnel for routine inspection and technical 
testing. 

Correlate information concerning processes, compounds, and 
raw materials which is received from the development laboratory 
or other sources. 

Assign product designations and permanent specifications. 

Devise new test procedures. 

Compile and maintain such technical information as labora- 
tory manufacturing instructions, raw material code, raw material 
specification book, tables of physical properties, and test proce- 
dures. 

“Doctor” and flex formulas. Much discretion is needed here. 
For instance if 2% of a 10¢ a pound materialis left out of the formu- 
lation and 2% of a $1 a pound material added, the chemist is in 
for trouble. * 

Keep time for laboratory employees. 

Do special chemical analyses, chlorinations, and reactions. 

Prepare sample shipments, perhaps after producing same in 
the laboratory in semipilot plant equipment. 

Supervise actual operation of pilot plant equipment. 

Check laboratory instruments against standards. 

Keep laboratory inventory on materials used. 

Keep orderly files and records. 

Write reports. 

Service customer complaints, 

Prepare standard solutions. 

Take overflow work from development group. (You may be the 
development group.) 

Do enough research to see if ideas you have are worth being 
submitted to the research department. 


7 Presented before the meeting of the Student Associate Group 
of the Detroit Section, A. C. S., at the Mercy College Auditorium, 
February 22, 1949. 
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These and many other duties are typical of those 
which will eventually confront the chemist in a small 
plant. Last but not least, the chemist has to learn 
to get along harmoniously with his fellow workers, 
other employees, and management, if his relationships 
in the plant are to be pleasant and long-lived. 

A chemist interested in straight and serious research 
should probably not start in a small laboratory, al- 
though I think the diversification of duties encountered 
there would be good experience for any chemist, as it 
has been for me. 


6 WATER PURIFICATION WITH ION- 
EXCHANGE RESINS’ 


FRED OSEMLAK 
Lawrence Institute of Technology, Detroit, 


Michigan 

Summary. The theory of water purification was 
presented. Mr. Osemlak has compiled a considerable 
amount of material on ion exchange, partly from the 
literature and partly through correspondence with 
manufacturers. Mr. Osemlak has built a working 
glass model of an ion exchanger, which was used for 
the determination of ion exchange capacity, etc. 


& DEVELOPMENT OF A NEW QUANTITATIVE 
TEST FOR ZINC: 


ROBERT E. KOHN 
University of Detroit 


After some preliminary work Dr. Wolrad Schotten® 
published a description of a zinc ammonia complex 
resulting from the reaction between zinc ions and 
ammonium thiocyanate. The reaction equation has 





8 Presented before the meeting of the Student Associate Group 
of the Detroit Section, A. C.S., at the Auditorium of the Lawrence 
Institute of Technology, Detroit, Michigan, April 26, 1949. 

9 Pharmazie, 3, 43 (1948). 
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not been definitely established to this date. Neverthe- 
less this reaction is definitely quantitative in its nature, 
though the conditions necessary for it to go to comple- 
tion are indicative that the mechanics of the reaction are 
molecular rather than ionic. 

The zinc complex, called ‘‘Karzinomgelb” (cancer 
yellow) due to its connection with some work done on 
cancer tissues, was separated as a yellow colored pre- 
cipitate from solutions containing zinc nitrate by the 
addition of ammonium thiocyanate. The filtrate con- 
tained less than 6 X 10~* g. of zinc per liter, as shown 
by the experimental work of the writer of this paper. 

The formula proposed by Dr. Schotten for this com- 
pound would justify the name zinc hexammonium 
dithiocyanate if a coordination between the sulfur and 
ammonium groups is assumed. This demands the 
coordination number of zinc to be six. A gravimetric 
analysis based on this formula’s stoichiometric factor 
for zinc, yields results that are consistently too high 
but consistent with respect to each other. An empiri- 
cal factor thus is used. Possibly an indirect colori- 
metric method can be based on the detection of excess 
thiocyanate ions with a standard ferric ion solution. 

A quantitative determination utilizing the reaction 
between zinc ions and ammonium thiocyanate seems 
possible. _It remains to be seen whether such a deter- 
mination is advantageous. 


@ THE OXYGEN CONTENT AND OXYGEN 
CAPACITY OF THE BLOOD OF “BLUE 
BABIES’’ BEFORE AND AFTER OPERATION: 


BEATRICE T. REGALIA 
Mercy College, Detroit, Mich. 


Summary. The use of the van Slyke manometric 
technique was presented. The interest of the audience 
was stimulated by the data on “blue babies” which were 
given as introduction. 





STAGE EFFECTS 


ELBERT C. WEAVER 
Phillips Academy, Andover, Massachusetts 


Among the chores to which a laboratory falls heir is 
that of securing stage effects. : 

Recently a production of “Macbeth” needed a 
realistic cauldron to boil and bubble (Act IV, Scene 1). 
A paint pot was placed within a large black kettle. 
Water and about '/2 pound of solid carbon dioxide were 
placed in the paint pot. The witches stirred the mix- 


ture by means of a suitable paddle and blew cautiously 
over the cauldron, producing thereby a convincing stage 
effect without discomfort to actors ‘or audience. The 
cauldron was prepared just in advance of the scene. 


In the same scene the text calls for four apparitions to 
appear within the cave. These apparitions were cut 
from '/,-inch Plexiglas with a 45-degree beveled edge 
and arranged to throw light toward the audience when 
illuminated from beneath. Lines on the apparition 
were scribed by means of a countersink rotating in a 
drill-press chuck. The hazy outline of the apparition 
was obtained by hanging a gauze drape over the Plexiglas 
figures. 

In this manner the ancient drama was enhanced by 
applications of modern chemistry. 
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® JOHAN KJELDAHL (1849-1900) 


Fame is a peculiar thing. Imagine yourself as an 
established investigator whose work is of great signifi- 
cance for a small but important field of chemistry. 
Your merits go unrecognized by the great run of 
chemists, but a small group of specialists in your field 
eagerly read every one of your papers as soon as it is 
published. In the course of your work you find it 
necessary to devise a routine analytical method. 
Although you consider this a minor contribution you 
decide to publish it, on the chance that another person 
or two might find it useful. Suddenly your method 
is seized upon, your name becomes known in every 
chemical laboratory in the world and is honored by 
generations of chemists who have never heard of your 
really important work. Such was the fate of Johan 
Kjeldahl, a Danish chemist, who in 1883 first published 
his method on determining nitrogen in organic sub- 
stances. On the occasion of the centenary of his birth 
we have thought it worth while to add something to 
what has already been said about the life and career 
of the creator of the Kjeldahl method.! 

Johan Gustav Christoffer Thorsager Kjeldahl, son 
of a local medical officer Jérgen Pedersen Kjeldahl 
(1805-99) and Johanne Georgine Lohmann (1810-1910) 
was born at Jegerspris, a small Danish village, on 
August 16, 1849. He went to school in Roskilde, 
at one of the oldest Danish cathedral schools, and from 
there he matriculated in 1867 and entered the Royal 
Polytechnical College in Copenhagen. Studying ap- 
plied natural sciences, he received the Master’s degree 
in 1873 with high honors and in the same year became 
assistant at the chemical laboratory of the Royal 


1 OgespeER, R. E., J. Coem. Epuc., 11, 457 (1934). 








The Carlsberg Laboratory 


STIG VEIBEL 


Den Polytekniske Laereanstalts, Copenhagen, 
Denmark 





Kjeldahl—Throwing the Ball—Playing Boggia with Some Friends 


Agricultural College in Copenhagen, where C. T. 
Barfoed was head of the department. Barfoed’s 
laboratory was principally concerned with analytical 
chemistry, both quantitative and qualitative, inorganic 
as well as organic, and the young assistant soon became 
greatly impressed with the significance of exactness in 
chemical research. For this, Barfoed soon realized, 
he was extremely well fitted. However, he did not 
remain an assistant for long. By 1876 he had become 
the head of a scientific laboratory; this development 
was a most interesting one. 

The director of the Carlsberg Brewery, J. C. Jacob- 
sen, realizing the value of applied chemistry, founded 
in connection with the brewery a chemical laboratory 
devoted to the study of processes and methods of inter- 
est to the brewing industry. At Barfoed’s suggestion, 
Kjeldahl was appointed a chemist at this laboratory 
in 1875. The next year Mr. Jacobsen founded the now 
famous Carlsberg Laboratory as an independent scien- 
tific institution, responsible not to the brewery but to 
the Board of the Carlsberg Foundation, an institution 
founded to investigate the chemistry and physiology 
of proteins, yeast, and the fermentation process but 
with no restrictions as to the scope and direction 
of the scientific investigations supported, and, above 
all, without any obligation to carry out research for the 
brewing industry. Within a short time the Carlsberg 
Foundation was enlarged to embrace both science and 
the humanities, the net profit of the Carlsberg breweries 
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Monument in the Garden before the Carlsberg Laboratory 


being devoted to these aims by the Board of the Foun- 
dation, which was appointed by the Royal Danish Acad- 
emy of Sciences and was quite independent of the Board 
of the brewery itself. This quite extraordinary gift 
has been of outstanding value to Danish science. 

In 1876 Kjeldahl was appointed Head of the Chemi- 
cal Department of the Carlsberg Laboratory. He soon 
became interested in the transformation of carbo- 
hydrates during the fermentation process. At that 
time the significance of temperature and the influence 
of chemical agents were scarcely considered factors in 
fermentation and enzyme action. But in a series of 
systematic and exact investigations Kjeldahl succeeded 
in determining some of the factors governing the action 
of enzymes, although it was reserved for his successor, 
S. P. L. Sgrensen, to point out the significance of the 
concentration of hydrogen ions for all enzymic proc- 
esses. 

But within a short time his interest turned from the 
polysaccharides to the proteins and their transforma- 
tions during the germination of barley and the alcoholic 
fermentation of beer wort. Here the analytical train- 
ing of Kjeldahl manifested itself. He required from 
an analytical method accuracy and, if possible, sim- 
plicity, and he was inclined to do a great deal of 
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methodological work in elaborating methods complying 
with these claims. At that time no such method 
existed for the determination of nitrogen, the Will- 
Varrentrap procedure being too complicated for use in 
the serial determinations necessary for the investiga- 
tion planned by Kjeldahl. He therefore studied a 
method used by Wanklyn and other English chemists 
for the determination of nitrogen in organic substances 
viz., the oxidation of the substance with potassium 
permanganate in alkaline solution. This method in 
some instances transformed all the nitrogen present into 
ammonia, but in other instances only a fraction of the 
nitrogen was transformed. Kjeldahl soon realized 
that ammonia must be more easily formed in acid solu- 
tion than in alkaline solution, and experiments proved 
the correctness of this prediction. In numerous experi- 
ments he examined the influence of the concentration 
of the sulfuric acid used for the hydrolysis and even- 
tually found that heating with concentrated sulfuric 
acid to a temperature slightly below the boiling point 
of the acid and addition of powdered potassium per- 
manganate to the hot solution gave the most exact 
results. In a paper read to Kemisk Forening, the 
Danish Chemical Society, on March 7, 1883, the first 
public information of the method was given. It was 
published in detail the same year in Zeitschrift fir 
analytische Chemie, 22, 366 and, in Danish with a 
French summary in Meddelelser fra Carlsberg Labora- 
toriet 2, 1. The advantage of the new method was 
obvious and it soon aroused a lively discussion, above 
all in German journals, the exactness of the method 
being the main object of the discussion. Through the 
work of Kjeldahl and of German chemists improve- 
ments were introduced, of which the most sig- 
nificant were the addition of cupric oxide and, in some 
instances, of mercuric oxide as catalysts during the 
destruction, which was facilitated, too, by the addition 
of potassium sulfate to the sulfuric acid, thus permitting 
the maintenance of a higher temperature during the 
destruction than with sulfuric acid alone. In this modi- 
fication the method was generally recognized as su- 
perior to all methods previously proposed, even if it 
cannot be used for substances containing nitrites, 
nitrates, or azo compounds without further modifica- 
tion. T» workers in the field of protein chemistry, 
and to physiological chemistry in general, the Kjeldahl 
method has ever since its first publication been an 
indispensable tool, and also to the organic chemist its 
significance cannot be overestimated. Its general 
acceptance may be measured by the fact that, Kjeldahl 
has been ‘‘verbalized,”’ an honor not usually accorded 
toachemist. You do not say that the nitrogen content 
of a substance was determined by the Kjeldahl method, 
but mention simply that the substance was kjeldahled, 
and no chemist will misunderstand you. In later 
years the micro-Kjeldahl method has proved to be 
quite as useful to the microchemist as was and is the 
older macromethod exclusively in use before the days 
of the microbalance. . 
Kjeldahl did not continue his investigations on the 
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proteins and, therefore, he himself used the new method 
only occasionally. He began an investigation on the 
enzymic hydrolysis of starch, and again he spent much 
time in elaborating an analytical procedure permitting 
the convenient measurement of the degree of hydrolysis. 
The method generally used was the Fehling-titration 
of the glucose formed during hydrolysis after boiling a 
sample with the complex cupric tartrate solution known 
as Fehling’s solution. Kjeldahl soon realized that 
greater precision was obtained by weighing the cu- 
prous oxide precipitated than by titrating the cupric 
ions not used. But even in this case it was difficult to 
obtain results which could be reproduced in other 
laboratories. Marcher, Allihn, and others had tried 
to improve the method, but without obvious results. 
Kjeldahl was now able to prove that only by excluding 
oxygen during the reduction of the Fehling solution 
(by a stream of oxygen-free hydrogen or nitrogen) 
is it possible to obtain really reproducible results. 
Nevertheless, the amount of cuprous oxide precipitated 
is in no exact stoichiometrical relation to the amount 
of reducing sugar present, and Kjeldahl therefore 
took the trouble of elaborating tables for different 
reducing sugars, allowing the estimation of the sugar 
present from the amount of cuprous oxide precipitated. 
These tables may still be found in many handbooks of 
chemistry. During his examination of the enzymic 
hydrolysis of starch Kjeldahl made many observations 
of great interest for plant physiology, but these results 
have now only historical interest and no estimate of 
their value will be given in this note on the life and work 
of Kjeldahl. Danish official science soon recognized 
the merits of Kjeldahl. In 1890 he was elected a 
member of the Royal Danish Academy of Sciences and 
in 1894 the University of Copenhagen conferred on 
him the honorary degree of doctor of philosophy. 

Kjeldahl remained a bachelor all his life. He was, 
however, no theorist exclusively absorbed in his 
science. On the contrary he was very interested in art 
and literature, he was a spiritual partner in society 
life and an author of vers de société, both serious and 
comic. He was of rather delicate health. In the 
middle of the nineties he was attacked by a sort of 
spiritual exhaustion, prohibiting him from continuing 
his scientific work for a couple of years. He tried to 
find recreation in Norway and in Italy, and during 
his stay in Italy he seemed quite recovered, writing 
to friends in Copenhagen how he enjoyed the rich art 
treasures to be found everywhere in Italy. On his 
return home Kjeldahl resumed his scientific work at 
the Carlsberg Laboratory, but only for a short time. 
On July 18, 1900, a heart attack ended his life. 
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Johan Kjeldahl about 1880 
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& VISUAL APPARATUS IN THE CHEMICAL 
ENGINEERING LABORATORY 


Many discoveries have been made in various chemi- 
cal engineering operations over the past 20 years as the 
result of the use of visual equipment. Although the 
metals have many advantages over transparent mate- 
rials such as glass and clear plastics, the former materials 
of construction have hidden from view the nature of 
many reactions which otherwise would have been diffi- 
cult to explain. The development of better grades of 
pyrex glass and the discovery of new plastics have also 
contributed much to the use of these materials for the 
construction of visual experimental equipment. It 
might be of interest to the laboratory instructor to have 
some of the experiments described: in which visual 
equipment can be used to a good advantage. 





Figure 1 
Upper: nuclear boiling of water at 304°F., AT 94°F. 
Lower: film boiling of water at 392°F., AT 182°F. Note that the 
rate of boiling is about one-third as fast as in the upper figure. 


R. L. HUNTINGTON 
University of Oklahoma, Norman, Oklahoma 


HEAT TRANSFER STUDIES 


The phenomena of nuclear and film boiling of liquids 
as well as dropwise and film condensation were unknown 
until experiments were performed in glass equip- 
ment (4, 6, 7, 8, 10). Until then the low boiling rates 
occuring with high At’s were unexplainable. These 
two types of boiling can easily be demonstrated in the 
laboratory as shown in Figure 1. With a steam pres- 
sure of 57 Ibs. per sq.in. gage and 304°F., nuclear boiling 
produces 120 ml. of condensate in a fixed time while 
with saturated steam at 212 lb. per sq. in. gage or 
392°F. the film boiling produces only 40 ml. of con- 
densate. 

The condensation of atmospheric steam on the out- 
side surface of a water-cooled tube can be carried out 
quite easily in a pyrex-jacketed apparatus. The nature 
of the condensation (such as film or dropwise) of steam 
on the outside surface of the tube can be readily ob- 
served through the glass jacket. 

In Figure 2 the vertical tube is equipped with ther- 
mocouples which are buried into the metal tube wall 
on the side opposite the entrance of the wires into the 
glass-jacketed space so as to eliminate eddy currents 
or other disturbances at the point of temperature meas- 
urement. Hebbard & Badger (5) were among the 
first investigators to employ this unique technique 
of obtaining tube wall temperatures. Patterson (8) 
et al., improvised a means of collecting the condensate 
separately from a vertical tube, thereby making 
the apparatus substantially adiabatic except for small 
heat losses through the ends of the tube. The steam 
condensate which is collected at the base of the metal 
tube is often as much as 10° to 60°F. below the steam 
temperature. Quigg (10), et al., measured the thick- 
ness of the steam condensate by clamping a micrometer 
onto the pyrex glass jacket and observing the contact 
of the screw with the film. Although this method 
is relatively crude the measurements of the film thick- 
ness appeared to be consistent, with increasing thick- 
ness of the condensate layer toward the lower end of the 
tube. 

In Figure 3 is shown a similar pyrex-jacketed con- 
denser which can be readily placed in any position from 
the horizontal to the vertical, since one end is hinged 
and the other is equipped with flexible metal hoses for 
the steam and water streams. The two condensers 
in Figures 2 and 3 have proved to be invaluable as 
unit operation equipment in providing the student with 
firsthand knowledge of certain heat transfer mecha- 
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Figure 2. Visual Condensation of Steam on Vertical Tube. Provision for Tube Wall Temperature Meas- 
te Collection of Condensate from Tube Wall Only 





ts and Sep 


nisms and the reasons for higher condensation rates on 
horizontal than those occurring on vertical tubes. 


MULTIPLE EFFECT EVAPORATION 


For a number of years our staff had wanted to pur- 
chase a two-effect evaporator for the unit operations 
laboratory but had found the prefabricated apparatus 
to be too expensive for its budget. Necessity proved 
itself again to be the mother 
of invention as shown by 
Figure 4. The two verti- 
cal effects consist of 4-in. 
xX 30-in. pyrex tubes in 
each of which is coiled 
8 to 10 feet of 5/,-in. 
copper tubing for the re- 
spective condensing sur- 
faces. Five-gallon glass 
bottles serve as liquid accu- 
mulators for the overhead 
condensate, the heat ex- 
changer condensate and the 
conceritrated solution com- 
prising all three streams 
from No. 2 effect. The in- 
ert gases from these bottles 
are evacuated by means of 
a small water aspirator. 
The apparatus has _per- 
formed very smoothly; fur- 
thermore it has the advan- 
tages of being visual 
throughout and of reaching 
steady - state conditions 


Figure 3. Heat transfer Units. 
(1) To left: unsteady flow of heat from condensing stream to a cylinder filled with sand. (2) To right: 
visual condensation of steam on a copper tube. 
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within 20 to 30 minutes. 
The total cost of the two- 
effect unit, including labor, 
amounted to about $200. 
Some engineers may argue 
that the data obtained from 
such small apparatus are 
not comparable to semi- 
commercial equipment usu- 
ally found in chemical 
engineering _laboratories. 
Nevertheless, the smaller 
glass unit still possesses 
a sufficient number of good 
points to warrant its con- 
tinued use. 


TRAY DESIGN 


During the past 15 years 
several studies (1, 9, 11) 
have been made at the 
University of Oklahoma 
involving tray design as 
related to absorbers and 
fractionators. In each 
case visual means have 
provided data which have thrown additional light on 
heretofore unexplainable flow characteristics through 
and across the trays. Glass peep-sites in steel towers 
have the advantage of strength compared to all-glass 
columns but visual observation through slits cannot 
compare to the unrestricted view provided by the 
latter. In one experimental study the low efficiency 
of a perforated plate could not be explained until a 





Provision for Variation in All Positi from Hori tal to Vertical 
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glass column was used. It took only a few minutes to 
find out that the cause of this low efficiency was due 
to the fact that the liquid was falling through the per- 
forations before it had a chance to flow across the plate. 
By using smaller perforations this difficulty was cor- 
rected and the plate gave higher efficiencies than the 
bubble plate. A 12-in. X 20-in. filling-station glass 
cylinder which was used in this study made it possible 
to observe the bubbling action on the tray, as well as 
the nature of the entrainment which took place in the 
vapor space. 


PRESSURE-VOLUME ISOTHERMS 


In preparing the chemical engineering student for a 
course in fractionation and absorption, the elements 
of vapor-liquid equilibria should first be studied. 
P-V, P-T, and V-T graphs present the concept of phase 
behavior quite clearly to some students who are willing 
to accept natural laws in this manner. However, the 
visual observation of the changes which take place when 
a gas or vapor containing one or more components is 
compressed, provides undisputed proof for the ‘“skep- 
tic.’ The author has devised a visible P-V apparatus 





Fiaure 4. Small Two-Effect Evaporator Tubes for Settling Rates of 


Solids 
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Figure 5. Visual P-V-T Apparatus 


(Figure 5) which can be used effectively in a classroom 
or unit operations laboratory for bringing home to 
the student these physical phenomena far more effec- 
tively than can be done by graphs. In operating the 
P-V apparatus the gas or vapor first displaces water or 
mercury from the Lucite cylinder. Then a small 
hand pump is used to force in a liquid in which the 
vapor is insoluble, thereby increasing the pressure 
through the one or more phase regions.* From the 
P-V graph which is obtained from the isothermal com- 
pression through the dew point and bubble point 
pressures, the composition of the vapor can be deter- 
mined if it consists of one or two components only. 


ABSORPTION 


A 4-in. X 4-ft. pyrex tube filled with Berl Saddles 
(Figure 6) makes an ideal packed tower in which 
absorption experiments can be made. The glass walls 
make it possible for one to observe the nature of the 
flow of the absorbent over the surface of the packing 
as well as the tendencies toward flooding. 


BATCH VAPORIZATION OF HYDROCARBON MIXTURES 


Evaporation losses from atmospheric storage tanks 
vary with the ratio of diameter to depth of the vessels 


* The Refinery Supply Co., Tulsa, Oklahoma, is prepared to 
assemble this apparatus. 
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in which the crude oil or gasoline may be confined. 
This experiment can be carried out before a class over 
a period of several weeks or months by subjecting the 
same hydrocarbon mixture to the atmosphere in 
graduated cylinders having different diameters but 
the same height (Figure 7). 

The change in A.P.I. gravity can be taken along with 
the shrinkage of the liquid. By material balances the 
A.P.I. gravity of the more volatile components which 
are lost by evaporation can be calculated by difference. 
The average Mid-Continent crude oil loses about 2.5 per 
cent by volume for every degree loss of A.P.I. gravity. 
The apparatus shown in Figure 8 would be preferred 
over that in Figure 7. 





Figure 6. Pyrex Absorber Packed with Berl Saddles 


FLUID FLOW 


Coates (2) has described several pieces of apparatus 
which have been used at Louisiana State University 
for demonstrating the nature of the flow of liquids under 
viscous and turbulent conditions by injecting a dye into 
the main stream of fluid. By means of glass stand- 
pipes he has shown the pressure gradient for the flow 
of liquid through an orifice. 

Cromer and Huntington (3) carried out a number of 
air-water lift experiments in a 90-foot tower at the 
University of Oklahoma. Visual pyrex glass located 
at regularly spaced intervals provided a means of 
observing the nature of the flow conditions throughout 
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Figure 7. Comparison of Evaporation Rates for Water in Vessels of 
Different Depth to Diameter Ratios 


the height of the column. Movies of these flow experi- 
ments have been taken for various air—water ratios at 
the several visual sections. Anyone who cares to see 
this film may obtain it free for a short time loan by 
writing the School of Chemical Engineering at the 
University of Oklahoma. 








ee ce gs eet Ss Oe ae 





Figure 9. Glycerin-Filled Glass Tubes for Settling Rates of Solids 
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SETTLING RATES 


The effect of particle size, shape, and density on 
settling rates can be demonstrated quite clearly by 
causing various objects to fall freely through vertical 
glass tubes which may be filled with any viscous fluid 
such as glycerin and clear lubricating oil. The appara- 
tus shown in Figure 9 provides an effective means of 
carrying out instruction in this operation. 
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Figure 8. Evaporation of Crude Oil in Vessels Having Various Depth 
to Diameter Ratios 
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&: CORRELATION BETWEEN THE FRESHMAN 
TESTING PROGRAM AND FIRST SEMESTER 
CHEMISTRY AT SAN DIEGO STATE COLLEGE 


Tue purpose of this paper is to report the results of a 
study of the correlation between performance in the 
existing Freshman Testing Program and success in 
beginning chemistry at San Diego State College. The 
data included here may be used in counseling incoming 
freshman students. 

Many studies have been made to determine the cor- 
relation between educational aptitude and achievement 
tests and success in college as measured by tlie student’s 
average grade, grade point average or honors point 
ratio. These correlations range on the average between 
0.40 and 0.50, and considerably lower or higher co- 
efficients have been reported at various times.' There 
has been much less written, however, concerning the 
prediction of success in a particular subject. There- 
fore, a study was made at San Diego State College of 





1 Crawrorp, A. B., aND P. S. BurnuaM, ‘Forecasting College 
Achievements,” Yale University Press, New Haven, Connecticut, 
1946. 
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the correlation between the results of the Freshman 
Testing Program and success in beginning chemistry. 

For the correlations to be meaningful, it was neces- 
sary that the tests used in the Freshman Testing Pro- 
gram and the grades in chemistry be valid and reliable. 
Both the American Council on Education Psychological 
Examination and the Iowa High School Content 
Examination which were used in the testing program 
are recognized as valid and reliable instruments. 
Every attempt was made to produce chemistry grades 
that were valid and reliable. 

Since there were 387 students enrolled in beginning 
chemistry during the first semester, 1947-48, it was 
necessary to divide them into three sections for lecture 
work and fourteen sections for the laboratory. There 
were two lecturers involved, and seven instructors 
were concerned with the laboratory sections. These 
factors required very close coordination in the matter 
of subject material and grading. 
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Briefly, coordination of work and consistency in 
grading were achieved by the following means. First, 
the two lecturers frequently discussed their work 
together and covered the same material at approxi- 
mately the same time. Second, there was a weekly 
meeting of the entire staff in which all matters per- 
taining to freshman chemistry were thoroughly dis- 
cussed. Third, one laboratory instructor was respon- 
sible for the planning and administration of laboratory 
work. Fourth, weekly laboratory quiz questions were 
chosen from a list of study questions which had been 
given to the students several days earlier in their 
lecture classes. Fifth, results on experiments involv- 
ing “unknowns” were tabulated and a uniform grading 
scale determined. Sixth, after each midterm was 
scored, the grades were examined to see whether any 
form had been easier or more difficult than the others, 
and the grades were adjusted. Seventh, two final 
examinations were given. One final examination dealt 
primarily with descriptive matter. The other final 
examination dealt with mathematical chemical prob- 
lems and definitions. Eighth, each instructor prepared 
a tabulation of the grades for each student in his sec- 
tion. Then, he took his scores to the chairman of the 
division, and, together, they assigned letter grades. 

Correlations were computed between chemistry 
grades and performance in the following tests and test 
sections: 


I. American Council on Education Psychological Examina- 
tion 
1. Quantitative Section 
2. Linguistic Section 
3. Total 
II. Iowa High School Content Examination 
1. English Section 
2. Mathematic Section 
3. Science Section 
4. Total 


The best correlations were found with the Quanti- 
tative Section of the American Council on Education 
Psychological Examination and the Science Section of 
the Iowa High School Content Examination. These 
correlations are shown in Table I. 

As might be expected, the correlation of chemistry 











TABLE I 
Table Showing Coefficients of Correlation* 
Chemistry Chemistry Science 
Quant. Science Quant. 
r 0.447 + 0.058 0.464 + 0.056 0.310 + 0.065 


*r from 0.00 to 0.19 denotes indifferent or negligible correla- 
tions 

r from 0.20 to 0.39 denotes low correlation, present but slight. 

r from 0.40 to 0.49 denotes a reasonable, and probably sig- 
nificant relationship. 

r from 0.50 to 0.69 denotes substantial or remarkable relation- 


ship 
r Phi 0.70 to 1.00 denotes hi igh relationship, seldom found be- 
cause of complicating factors and uncertain measures.? 





2 Garrett, H. E., “Statistics in Psychology and Education,” 
Longmans, Green and Co., New York, 1936. 
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grades with the Quantitative Section of the American 
Council on Education Psychological Examination 
was comparatively high, namely, 0.447. The “problem 
solving” technique and “principle finding” ability 
measured by this test were both apparently important 
in success in chemistry. 

The correlation of chemistry grades with the Mathe- 
matics Section of the Iowa High School Examination 
yielded a correlation of only 0.308 with chemistry 
grades. This was surprising at first. However, upon 
examining the test, it was noted that only computa- 
tional and manipulative mathematics skills were tested. 
The student’s difficulty apparently lay in not being 
able to apply these skills correctly to the problem at 
hand. 

The correlation between the Science Section of the 
Iowa High School Content Examination and the Quan- 
titative Section of the American Council on Education 
Psychological Examination was rather low, namely 
0.310. This indicated that the two tests teamed to- 
gether would give rather good prediction of success 
in chemistry. The multiple coefficient of correlation 
for this pair with chemistry grades was 0.559. 

One of the interesting sidelights in the study was the 
comparison of the performance of the beginning chem- 
istry students on the entrance tests with the perform- 
ance of the freshman class as a whole. These figures 
are shown in Table II. 





TABLE II 


Table Showing Means for Various Portions of the Fresh- 

man Testing am for First Semester Chemistry 

Students a All Students Taking the Entrance Examina- 
tions 





Means in Percentiles 





Quant. Sect. Math. Sect. Science Sect. 
ACEPE IHSCE ACEPE 
Beginning Chemistry 
Students Ts. 87.0 86.0 
Freshman Class 50.6 62.0 58.0 





This showed a decided advantage of the beginning 
chemistry students over the average entering freshman. 
Apparently there was a natural selection of chemistry 
by those equipped to handle it and a natural avoidance 
of it by the others. 

In summary, the first semester chemistry students 
were a select group considering the freshman class as a 
whole. The results of the Freshman Testing Program 
did bear a significant relationship to success in first 
semester chemistry. The Quantitative Section of 
the American Council on Education Psychological 
Examination and the Science Section of the Iowa High 
School Content Examination showed the best correla- 
tion. The two test results teamed together showed a 
substantial multiple coefficient of correlation. Used 


with care, by a trained counselor, these figures may be 
of valuable assistance in guiding incoming freshman 
students. 





€ CLASSIFICATION OF METHODS IN QUANTITA- 
TIVE CHEMICAL ANALYSIS 


Anatyticat chemistry, like other ever-changing, 
constantly expanding branches of knowledge and 
science, suffers from the lack of any universally accepted 
and used outline of the areas of its content. The 
attendant variations in nomenclature and differences 
in opinion regarding the subject matter to be covered 
complicate intelligent discussion by workers in the 
field and unnecessarily hinder productive study by 
students attempting to familiarize themselves with its 
phenomena. In the belief that the need is great for 
continually examining current concepts and devising 
better organized classifications of the methods of quan- 
titative chemical analysis whose sections will be based 
on consistency, analogy, clarity, and continuity, the 
following outline and discussion is presented as a sug- 
gested step in the right direction. 

Any outline must start with a consideration of what 
the field to be covered has in common in all its parts. 
As has been stated previously,! every analysis can be 
regarded as consisting of operations on two general 
materials, (a) the sample and (6) the desired constituent. 
Therefore, the outline to be proposed is first divided 
into these two sections. 


THE SAMPLE 


In connection with the sample, it may be agreed 
that, in general, samples must not only be (a) selected 
and prepared, but (b) measured and (c) given prelimi- 
nary treatment. Therefore, these three are placed 
as the primary divisions under “The Sample.” The 
factors to be considered in each operation have been 
discussed elsewhere.’ ? It should be remembered, of 
course, that operations on samples in various kinds of 
analyses do not always include all three steps. In 
efforts toward simplification, consistent with desired 
accuracy and precision, the first two steps are often 
combined, and the third may be eliminated altogether. 
Such simplification is especially desirable in the auto- 
matization either of sampling operations or of complete 
procedures which will be discussed in another paper. 


THE DESIRED CONSTITUENT 
The desired constituent may have to be separated 
from interfering substances before it can undergo 
measurement, the operational goal of every analysis. 
1 MELLON, M. G., J. Cuem. Epuc., 25, 610 (1948). 


2 MELLON, M. G., ‘‘Methods of Quantitative Chemical Analy- 
sis,’ Macmillan Co., New York, 1937. 
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The two divisions under ‘‘The Desired Constituent,” 
then, are (a) separation and (b) measurement. Again, 
these steps in an actual analysis are simplified as much 
as possible, separation processes being avoided whenever 
feasible. 

Separation. The operation of dividing a system into 
two or more phases may be called separation. When- 
ever the system under consideration is to be measured 
by a physical property whose magnitude is dependent 
on foreign constituents as well as the desired constitu- 
ent, some kind of separation is necessary. In general, 
this means that the system must be altered chemically 
in some way so as to cause the desired physical or 
mechanical severance; in fact, the separation step is 
frequently the only chemical part of a “chemical 
analysis.” 

Separation techniques which are most commonly used 
may be divided into five major groups: (a) precipita- 
tion, (b) electrodeposition, (c) volatilization, (d) extrac- 
tion, and (e) magnetic separation (magnetization). 

Precipitation and filtration of a substance of known 
and constant composition (either the desired constituent 
itself or a substance accurately related to it), followed 
by gravimetric measurement of the product, has long 
been fundamental in classical methods of analysis. The 
change of phase from liquid to solid for separation from 
a liquid medium is accomplished usually by means of 
chemical reaction or by a change in the solvent. 

Separation by electrodeposition consists essentially 
in combining or separating electrons and ions. The 
resultant plating of anions or.cations on suitable elec- 
trodes accomplishes a phase transformation analogous 
to that in the precipitation process. 

Volatilization involves a phase transformation from a 
solid or liquid to a gas or vapor. This type of separa- 
tion is particularly useful in work with petroleum 
constituents. For example, the spread between the 
boiling points of gaseous hydrocarbons is large enough 
to warrant use of fractional distillation as a quantita- 
tive separation. Fifteen theoretical plates are neces- 
sary for the quantitative separation of low molecular 
weight gaseous hydrocarbons. Due to the failure 
of combustion or explosion classical methods to give 
sufficient information, the fractional distillation tech- 
nique is at the present time a basic analytical method. 

Extraction as a method of separation is a term used 
to include such operations as dissolution, absorption, 
adsorption, ion exchange, dialysis, and partition. 
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These all have in common the “leaching out” of a 
constituent by the direct action of some solid or liquid 
reagent on the sample (solid, liquid, or gas) in a process 
which may be either physical or chemical or both. 

Use of magnetism as a separative force is made 
mainly in the mass spectra procedures to accomplish 
the separation of charged ions according to their masses. 

Measurement. The measurement operation must 
always provide information as to how the substance 
being studied may be expected to behave under various 
conditions and may involve not only determination of 
its chemical composition, but also actual performance 
tests under artificially produced conditions. The 
dividing lines between the methods in analytical chem- 
istry, pure physical measurements, and performance 
tests are hazy at best, and become even more so when 
one considers the trend toward automatic methods. 

Inasmuch as the measurement operation is the climax 
of all quantitative analyses, the naming of the various 
classes of methods should be based on the kind of 
measurement made. Individual methods, of course, 
are named as indicated in the 1947 report of the Com- 
mittee on Naming Analytical Methods,’ and it is 
believed that a class name which best indicates the 
fundamental operation involved in measuring the 
desired constituent is an essential part of a logical 
outline. It is the measurement of the actual quantity 
of the desired constituent present which has received 
the most attention in recent developments of analytical 
methods, especially in efforts toward automatization. 
Primarily, of course, the measurement operation, in 
itself, is always one of the magnitude of some physical 
property, and this fact presents a reasonable oppor- 
tunity for devising a systematic basic nomenclature. 

Physical Properties. Any property which describes 
a substance, either qualitatively or quantitatively, is a 
physical property, and any such property whose magni- 
tude can be measured accurately can serve as the basis 
of a quantitative analytical method. Many of these 
have been so used, and new possibilities are being stud- 
ied with increasing intensity. The more kinds of unique 
properties which a substance is known to have, the 
more possible will be the choice of some one whose 
measurement will provide the analyst with a relatively 
specific method giving the desired information quickly, 
accurately, and inexpensively. Hydrogen, for exam- 
ple, differs widely from oxygen in thermal conductivity, 
density, refractive index, viscosity, and specific heat. 
There are many ways of determining these properties, 
each of which is theoretically useful for quantitative 
analysis. Automatic devices not only may enable 
the study of such a property, but frequently, them- 
selves, are born in the discovery of the dependence 
of some physical magnitude on the concentration of a 
desired constituent. Such properties may be known 
for many years without being so utilized until an urgent 
need arises. 

Whenever possible, the physical property related to 





3 MELLON, M. G., ET aL., Anal. Chem., 19, 931 (1947). 
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the desired constituent is measured directly on the 
sample system, as was emphasized in the discussion of 
simplifying the sampling steps. This search for prop- 
erties more or less specifically related to the desired 
constituent, but which may be measured on the system 
on a whole, has resulted in further diversifying the 
strictly physical measurements included under the 
title of “analytical chemistry.’”’ These have become 
essential to the analytical chemist, as indeed physical 
measurements have always been. It is clear that the 
only chemistry involved in a quantitative analysis 
scheme is the preparation of the sample and the separa- 
tion of the desired constituent preparatory to the in- 
herent physical measurement. Furthermore, the trend 
in all methods, automatic or otherwise, is away from the 
necessity of such preparation and separation whenever 
possible. Thus the artificial boundaries between 
“analytical chemistry” and the other fields of science 
become less and less distinct, as more and more physical 
properties are adapted for quantitative analytical 
methods. 


CLASSIFICATION OF PHYSICAL PROPERTIES 


In considering the problem of classifying and pre- 
senting physical properties, the measurement of which 
serves the purpose at hand, whatever it may be, it 
seems reasonable to divide all physical properties into 
two groups, static and dynamic. 

Static properties of any system would be those which 
are characteristic of the system as such and which do 
not fundamentally involve external measurement of 
energy (or particles) passing from or through the sys- 
tem. Such physical properties as mass, volume, den- 
sity, pressure, viscosity, temperature, magnetic and 
chemical reactive properties may be considered to be 
inherent or “contained” in the system and do not fun- 
damentally require the application or emission of ex- 
ternal energy waves or particle waves for their measure- 
ment. 

Dynamic properties, on the other hand, are those 
whose measurement depends on the motion of energy 
waves or particles passing through, or originating in, 
the system. Such phenomena exhibit many character- 
istic behaviors and numerous techniques have been 
devised for handling them. All optical properties 
belong here, as do those for the entire electromagnetic 
spectrum. Here may be included measurements of 
heat conduction, electrical phenomena, sound, and 
radioactivity. Fundamentally then, these are the 
properties which control the transport of waves, 
whether their nature be electromagnetic, electric, 
sonic, thermal, subatomic, atomic, or molecular. The 
properties thus classed as dynamic have been further 
divided into those due to (a) energy wave motion, and 
(b) matter or particle wave motion. A strict division 
of properties into those related to (a) energy and (b) 
particles is complicated by the fact that many particles 
(e. g., the electron) exhibit wavelike properties, while 
on the other hand such things as light, ordinarily de- 
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scribed in terms of waves, must be considered in terms 
of photon particles in order to explain certain phe- 
nomena. According to Glasstone,‘ however, matter 
waves differ fundamentally from the electromagnetic 
waves constituting ordinary radiant energy, due to the 
anomaly to which the following equations lead: 

From de Broglie’s theory, 


A= h/mv (1) 


where A is the wave length, h is Planck’s constant, 
m is the mass, v is the “group velocity” of the matter 
waves which differs from the velocity u of the waves 
themselves (their “phase velocity”), and » is the 
frequency. 

For matter waves, 


A= u/v (2) 
Thus, according to the quantum theory, 
Energy of the particle = hy = hu/d (3) 
By relativity, 
Energy = mc? = hu/d (4) 
And thus from (1) and (4), 
uw = c? (5) 


Since v must always be less than c, it would follow 
that the phase velocity, u, of the material waves must 
always be greater than that of light. Partially from 
this unexplained anomaly the above conclusion con- 
cerning the fundamental difference between energy 
waves and matter waves was made. 

Further subdivision of the general classes is based 
on the nature of the energy or particles concerned, 
generally in the order of increasing energy or mass 
(decreasing wave length). It will be noted that the 
letters ‘‘imetry” are consistently used for the endings 
of all class names. It is felt that this involves least 
disturbance of the present nomenclature and forms a 
basis for a reasonably self-descriptive consistent ter- 
minology which permits classifying all methods and 
yet is flexible enough to permit additions or minor 
rearrangements as such changes become desirable. 

A few remarks concerning several of the measure- 
ment classes seem in order. Under “Static Properties” 
the heading ‘“‘Temperature—thermimetry” is meant to 
include the measurement of temperature for such 
properties as colligative properties (e. g., change of 
freezing or boiling point or vapor pressure) and dew 
point. Two possibilities, heat of reaction and thermal 
conductivity, are excluded from this class,’ only due to 
their inherent importance and logical fit under other 
categories of this classification. 

Under ‘‘Dynamic Properties’ the phenomena listed 
under wave motion are electromagnetic in nature 
except sound. They are listed in order of decreasing 
wave lengths, and each range is selected and named 
best to include a group of measurement techniques 





4Guasstong, S., ‘Textbook of Physical Chemistry,’ Van 
Nostrand, Inc., New York, 1946, p. 14. 
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which are as nearly fundamentally autonomous or 
intrinsic as possible. Actually, of course, the spectrum 
is continuous and has no sharply defined general 
boundaries to facilitate such a classification. 

The longest waves made use of are those known as 
sound waves. Here, the term sonimetry is used in a 
sense to include both frequencies which can be heard 
by the human ear plus those in the supersonic ranges. 
Analytical applications are limited as yet, but basic 
studies are being made as the necessary equipment 
becomes available, and it seems not impossible that 
velocity and resonant-frequency measurements of 
sound will find usefulness in giving quantitative infor- 
mation in various applications. 

The longest electromagnetic waves are those in the 
radio range of the spectrum. Thus far, the so-called 
“microwaves,” those so useful in the science of radar 
developed during the last war, have been found sensi- 
tive to water (and other molecules such as ammonia) 
in the atmosphere at a wave length of 1.33 cm., although 
there is little definite indication as yet that actual 
quantitative analytical determinations can be based 
on these waves. 

The four wave-length regions considered under the 
term “radiant energy,’ 7. e., infrared, visible, ultra- 
violet, jand X-ray, involve fundamentally similar 
principles and so are considered together. This is not 
to say arbitrarily that waves in the other spectral 
regions should not be classed as forms of radiant energy. 
Doubtless, measurements in such regions will become as 
thoroughly studied and understood as are those in the 
four ordinarily considered to compose the radiant energy 
spectrum. However, at the present stage of useful- 
ness of the spectrum as a whole to quantitative analy- 
sis, it seems logical to include only the four mentioned. 

The phenomena connected with radiant energy may 
be classed under three headings. The measured quan- 
tity depends on (a) an emission, (6) a transmission, or 
(c) a reflection of radiant energy. Thus the main sub- 
headings are termed emissimetry, transmissimetry, 
and reflectimetry. 

The various types of emissimetry include: flame 
photimetry (derived from the familiar ‘flame photom- 
eter”); emission spectrimetry (used in place of 
“emission spectrometry” and including line spectra 
due to electrical excitation); ramanimetry, for the 
Raman effect; fluorescimetry to include measurement 
of radiant energy emitted due to the process of fluor- 
escence; and phosphorimetry similarly to include 
measurement of phosphorescence. 

The phenomena accompanying transmission of 
radiant energy include absorption, thermal conduction, 
turbidity, optical rotation, refraction, and diffraction. 
Methods depending on measurements of these phe- 
nomena have been named absorptimetry, thermocon- 
ductimetry, turbidimetry, optirotimetry, refractimetry, 
and diffractimetry, respectively. 

Two types of reflection measurements are included: 
retlectimetry where radiant energy is reflected from a 
plane surface, and nephelimetry where the radiant 
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energy is reflected by suspended particles in a medium 
due to the Tyndall effect. 

The two wave-length areas of still higher energies 
include the penetrating rays of the gamma and cosmic 
regions. Analytical uses of gamma rays are at present 
limited but may potentially find wider application. 
Cosmic rays are of course still out of the question in so 
far as the current status of quantitative analysis is 
concerned. 

The second general type of dynamic properties is 
connected with particle motion. Here the subdivisions 
are based on the nature of the particles in question, 
atoms and atom groups, electrons, and nuclear par- 
ticles. Mass spectra are obtained as a result of the 
first of these and the term masspectrimetry covers 
measurements in this field. 

Numerous methods depend on the transport of 
electrons through a system. These are divided into 
the following five groups: conductimetry, dependent 
on the conductivity or resistance of the sample; 
potentiimetry, which involves comparison of the elec- 
trical potential of two points in a system; currentim- 
etry, where the current flow is measured; dielectim- 
etry, dependent on the capacitance or dielectric con- 
stant of the substance being investigated; and electron 
diffractimetry, where electron diffraction patterns are 
measured. 

A sub-group of sub-atomic particles such as 
beta and alpha particles and neutrons and is called 
radioactimetry. 

OUTLINE OF QUANTITATIVE CHEMICAL ANALYSIS 
THE SAMPLE 

I. Selection and preparation 
II. Measurement 
III. Preliminary treatment 

Tue Destrep CoNSTITUENT 

I. Separation 


A. Precipitation 
B. Electrodeposition 
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C. Volatilization 
D. Extraction 
E. Magnetization 
II. Measurement 
IIa. se See Properties 
Mass—gravimetry 
Volume—volumimetry 
Density—densimetry 
Pressure—manimetry 
Viscosity—viscosimetry 
Temperature—thermimetry 
Magnetic properties—magnetimetry 
Chemical reactivity 
1. Combining power—titrimetry 
2. Heat of reaction—calorimetry 
3. Speed of reaction—chronimetry 
IIb. Dynamic properties 
A. Wave motion 
1. Sound—sonimetry 
2. Radio (microwaves)—radiimetry 
3. Radiant energy (infrared, visible, ultraviolet, 
X-ray) 
a. Emission—emissimetry 
a’, Flame photimetry 
b’. Emission spectrimetry 
ec’. Raman effect—ramanimetry 
d’. Fluorescence—fluorescimetry 
e’. Phosphorescence—phosphorimetry 
b. Transmission—transmissimetry 
a’, Selective absorption-absorptimetry 
b’. Thermal conduction—thermoconduc- 
timetry 
c’. Turbidity—turbidimetry 
d’. Optical rotation—optirotimetry 
e’. Refraction—refractimetry 
f’. Diffraction—diffractimetry 
ce. Reflection 
a’. Reflectimetry 
b’. Tyndall effect—nephelimetry 
4. Gammarays—gammimetry 
5. Cosmic rays—cosmimetry 
B. Particle motion 
1. Atoms and atom groups 
a. Mass spectra—masspectrimetry 
2. Subatomic particles 
a. Transmission of electrons—electrimetry 
a’. Conductance—conductimetry 
b’. Potential—potentiimetry 
ec’. Current—currentimetry 
e ee acitance—dielectimetry 
raction—electron diffractimetry 
b. Waslaae Lok -~ hy qaeeammmand 
a’. Beta parti 
b’. Alpha est ni 
ce’. Neutrons 
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A METHOD FOR FILTERING SMALL QUANTITIES OF 
SLUDGY MATERIAL 


JOSEPH LANGEVIN 
Hull, Province of Quebec, Canada 


In biological work, it is often required to filter small 
aliquots of liquids before pipetting easily a clear 
sample for actual use. This is usually done by using 
some form of crucible (Gooch, sintered glass, porous 
porcelain, etc.) with or without the aid of suction, but 
very often the material in suspension obstructs the 
openings of the crucible. For many of these liquids it 


is sufficient merely to use a piece of Kleenex over a 


small beaker; a pouch-like cavity is produced by push- 
ing down the piece of Kleenex a suitable distance inside 
the beaker, thus producing a reservoir which will hold 
the portion of liquid to be filtered. This method is 
both fast and effective. It is desirable not to squeeze 
the last drops of filtrate out of the paper as it may break. 
A better filtration may be obtained by using a double 
thickness of Kleenex, or by repeated filtering. 





& SOME FEATURES OF ZIRCONIUM CHEMISTRY 


Tue element zirconium was discovered in 1789 by 
M. H. Klaproth in the mineral zircon, and was first 
isolated by J. J. Berzelius. It occurs widely as a con- 
stituent of the earth’s crust, of which it is estimated 
to constitute 0.017%. Hence, its abundance is about 
equal to that of carbon. The most common ore is 
the orthosilicate, ZrSiO,, but the oxide, baddeleyite, 
also occurs in considerable quantities in Brazil. 

About 1% hafnium oxide is generally associated with 
zirconium oxide in its natural occurrences. These two 
elements occupy adjacent spaces in Group IV A of the 
Periodic Table of Elements, and are virtually identical 
in chemical properties. It is not possible to separate 
these elements by simple chemical means, and recourse 
must be had to tedious recrystallizations or comparable 
techniques. Hence, when speaking of zirconium we 
generally mean zirconium containing a characteristic 
fraction of hafnium. 

According to Sidgwick (2) the electronic structure 
about the zirconium nucleus can be represented 
2(8)(18)(10)2. The outer two electrons of the O 
shell and also the two 4d electrons of the N shell 
normally function as valence electrons, and zirconium 
commonly exhibits a valence of four. Only rarely have 
compounds of lower valences been reported. ZrO has 
been detected spectroscopically in the atmosphere 
of certain stars, and ZrCl; and ZrCl, have been reported 
as reduction products of the tetrachloride above the 
temperatures 250°C. and 330°C., respectively (1). 
In aqueous solutions zirconium has never been observed 
to occur at a valence below four, and in Deming’s ar- 
rangement of the elements and their valences, valence 
states lower than four are noted as of minor importance. 
The maximum covalence of zirconium is eight, and 
covalencies of six and eight are commonly realized in 
zirconium compounds. 

The mineral zircon is chemically one of the most 
inert substances known at ordinary temperatures, being 
virtually unattacked by any known agent, though a 
trace of solubility in waters containing ’bicarbonates 
has been reported (4). Even at elevated temperatures 
zircon is virtually unattacked by acidic agents; it is, 
however, decomposed by molten alkalies, forming 
zirconates which are soluble in aqueous solutions of 
acids. After decomposing zircon with alkalies, pains- 
taking care is required to separate zirconium salts 
quantitatively from siliceous matter. 

Zircon begins to dissociate at about 1500°C. into 
zirconia and silica, and by holding the mineral at 
temperatures substantially in excess of this heat, a high 


WARREN B. BLUMENTHAL 
Titanium Alloy Manufacturing Division, Niagara Falls, 
New York 


percentage of dissociation is obtained. If the disso- 
ciated material is cooled slowly, recombination of the 
two oxides occurs, while if it is quenched, a mixture of 
the separate oxides is obtained. If the zircon is held 
at temperatures approximating 2200°C., silica (b. p. 
2230°) is volatilized, and a residue consisting largely 
of zirconium dioxide remains. If the zircon is heated 
above the initial decomposition temperature in the 
presence of carbon, the decomposition is promoted and 
an interesting product called zirconium carbide is 
obtained. Its composition is in agreement with the 
formula ZrC. The name and stoichiometry of this 
product are, however, somewhat misleading, suggesting 
as they do a molecule of the type Zr =C. Detailed 
studies of this and similar compounds of other metals 
point to an “interstitial compound,” rather than a 
molecular compound. In such a compound, the carbon 
is held in solid solution in the interstices of a metallic 
zirconium crystal skeleton, and the 1:1 stoichiometric 
ratio is rather fortuitous. Related compositions are 
readily prepared in which considerably less than a 
stoichiometric equivalence of carbon is contained, and, 
moreover, the carbon may be replaced by boron, nitro- 
gen, and, to some extent, oxygen. A generic relation- 
ship is shown throughout these substitutions. When 
such compositions of lower carbon content are dissolved 
in sulfuric acid, hydrogen is evolved. This indicates 
the presence of free metal in the solid. 

Zirconium carbide is among the most refractory sub- 
stances known, melting at 3532°C. and boiling at 
5100°C. A mixture of 20% zirconium carbide and 
80% tantalum carbide melting at 4150° is the highest 
melting substance ever reported (3). Zirconium car- 
bide is extremely hard, equaling corundum in this 
respect. It belongs to the cubic system of crystals. 
Single crystals have been prepared and the parameters 
measured. The use of zirconium carbide as an abra- 
sive and as the substance of filaments in incandescent 
bulbs has been proposed. Its remarkable thermal 
stability would permit extreme heat and luminescence 
in the latter application. The carbide is an important 
intermediate in the preparation of other zirconium 
compounds. 

When chlorine is passed over red-hot zirconium car- 
bide, it combusts vigorously with the evolution of much 
heat and the sublimation of zirconium tetrachloride. 
On condensing the tetrachloride in a suitable chamber, 
a fluffy powder is recovered which ideally is white, but 
the industrial product is usually yellow to dull orange, 
due to contamination with ferric chloride. It is a 
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covalent compound, but, unlike most covalent com- 
pounds, it is insoluble in any covalent solvent except by 
decomposition. It reacts vigorously with water, form- 
ing zirconyl chloride, also known as zirconium oxy- 
chloride, and hydrochloric acid. The reaction is: 


ZrCl, + H.O > ZrOCl, + 2HCl (1) 


The zirconyl chloride may be recovered as a dry, 
hydrated salt by evaporating off excess water and acid. 
The octahydrate is the best known state of this salt. 

Zirconyl chloride is very soluble in water and its 
solutions are very acidic. Over a wide range of con- 
centrations, the pH’s of zirconyl chloride solutions at 
room temperature have been found equal to that cal- 
culated for 10% hydrolysis of the salt to hydrochloric 
acid. 

Solutions of many zirconium salts, and notably the 
chlorides, contain a great complexity of ions, and equi- 
librium conditions are established quite slowly. For 
this reason there has been much confusion in the reports 
in the literature on the behavior of zirconium com- 
pounds, and individual workers have often been con- 
founded by obtaining different results at various times 
on mixing zirconium solutions of the same empirical 
composition with other agents. Let us consider the 
equilibrium which have been indicated to exist in zir- 
conyl chloride solutions. The zircony] ion is in equilib- 
rium with a basic zirconyl ion: 


2ZrO** + 4Cl- + H,0 = Zr.0;+*+ + 4Cl- + 2H* = (2) 


This reaction may be forced to the right by addition 
of a carbonate, the net result of which is: 


2ZrO+* + 4Cl- + NasCO; — Zr203+t+ + 4Cl- + 2Nat + 3 


Basic zirconyl chloride has been isolated as a hydrated 
salt, ZreO3Cle-6H2O, by the writer, and in other states 
of hydration by other investigators. The basic chloride 
is also very soluble in water and yields solutions of 
strongly acidic reaction, though not as acidic as the 
normal zirconyl chloride. There is evidence that fur- 
ther hydrolysis to still more basic salts also occurs. 
An interesting polybasic zirconium chloride has been 
prepared by precipitating a solution of a zirconium salt 
with ammonia, and redissolving the precipitate with 
hydrochloric acid. A solution was obtained containing 
the compound Zr;OgCl,-22H2O, which was crystallized 
from the solution. ; 

Until now, we have been dealing with zirconium in 
its cationic manifestations. Simultaneous with the 
above equilibria, there are also obtained equilibria of the 
following type: : 


ZrOCl: + H:0O = H.ZrO.Cl, = gH + ob ZrO.Cl.= (4) 


This equilibrium is shifted to the right by increasing the 
temperature, and near the boiling point pH measure- 
ments indicate virtually complete conversion to the 
ionized form of the acid, dichloro-zirconylic acid. The 
properties of zirconyl chloride solutions have led to the 
postulation of several structures of zirconium anions 
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(6). Some of the reactions of zirconium salts with 
solutions of electrolytes are slow, and in such reactions 
we are evidently dealing not with ionic reactions but 
with covalent exchanges, which doubtless involve the 
replacement of one substituent from a zirconium anion 
by another. 

When zirconium chloride solutions are added to 
solutions of acid dyestuffs, insoluble or sparingly 
soluble colored salts precipitate from solution. For 
example, the action of basic zirconyl chloride solution 
on a solution of the dye Orange II under properly 
controlled conditions gives a precipitate of empirical 
composition : 


OH 


ey : 
OED over) <_ Ys, ZrsOr 
< 2 


Such precipitates show evidence of being true chemical 
compounds, and when properly prepared they possess 
excellent properties as pigments, being distinguished 
by unusual tinctorial strength. These colored com- 
pounds are now being introduced by the pigment indus- 
try. They are a development of the past three years. 

When neutral sulfates, such as sodium sulfate, are 
added to zirconyl chloride solutions and the solutions 
are heated, sparingly soluble basic sulfates are precipi- 
tated. Their compositions vary considerably according 
to conditions of preparation. A typical reaction is: 


5ZrOCl, + 3Na2SO, + (2 + x)H.O — 5Zr0.-380;-7H20 + 
. 6NaCl + 4HCl (5) 


The sparingly soluble basic sulfate may be separated 
from its mother liquor by filtering and washing, and 
then converted to normal zirconium sulfate by addition 
of sulfuric acid: 


5ZrO2-3S03 + 7HSO, + 13H:O — 5Zr(SO.)2-4H2O (6) 


Zirconium sulfate, Zr(SO,)2:4H20, is a colorless, soluble 
compound of very strongly acid reaction. The sulfate 
differs from the chloride more broadly than the sulfates 
of many other elements differ from their chlorides. 
While zirconium chlorides precipitate acid dyestuffs 
from solution, the sulfate shows little or no tendency to 
do the same; while addition of alkalies to chloride 
solutions leads to the precipitation of hydrous zirconia, 
addition of alkalies to sulfate solutions yields double 
sulfates of zirconium and the alkali, and subsequently 
sparingly soluble basic sulfates of zirconium. During 
electrolysis of zirconium sulfate solution, the zirconium 
migrates toward the anode. These and other observa- 
tions have led to the conclusion that the sulfate of 
zirconium contains its zirconium in the anion, and the 
molecule is properly shown as H,ZrO(SO,)2-3H.0, 
disulfato-zirconylic acid. Experiment shows that three 
mols of water are readily driven off of this compound 
by heating, while the fourth is held more tenaciously. 
The pH values of solutions are those anticipated for 
complete dissociation into hydrogen cations and di- 
sulfato-zirconylate anions. Studies by the writer have 
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shown that the behavior of this sulfate is conveniently 
explained by assuming the structural formula: 


i 0 r 
H+ OH. <-SO,—Zr—SO,— HO | H+ 
' 

HOH 


Salts of this acid have been reported, and their forma- 
tion is best visualized as a replacement of the hydrogen 
ions outside the bracket by alkali or other metals. 
Moreover, upon addition of bases to solutions of di- 
sulfato-zirconylic acid, sulfate ions are displaced from 
the component designated inside the bracket, and re- 
placed by hydroxyl ions. In this manner the basic 
sulfates form and precipitate out of solution. If 
additional sulfates are added to the acid solution, the 
aquo group coordinated to the zirconium atom is 
displaced, with formation of trisulfato-zirconylic acid, 
H,ZrO(SO,)3. The dihydrate of this acid has been 
crystallized from solution (6), and salts of the acid have 
been prepared by a number of investigators. The 
writer has prepared (NH,)s3HZrO(SOx)s. 

There is also evidence of the existence of polyacids 
of zirconium, such as: 


O 

ai 

H—80.——2rg 
The sulfates of zirconium comprise a complex system, 
and an adequate explanation of their behavior requires 
a lucid understanding of the structural relationships. 

When sufficient base is added to a solution of a zir- 
conium salt, all of the zirconium is precipitated as a 
white, gelatinous substance which was regarded for 
years as zirconium hydroxide. However, later studies 
of the dehydration of this substance and of its magnetic 
susceptibility led to the conclusion that it is not a 
hydroxide but a hydrous oxide, 7. e., an oxide which 
holds onto nonstoichiometric quantities of loosely 
bound water. A properly aged slurry of hydrous 
zirconia exhibits the typical structure of monoclinic 
zirconium dioxide, when examined under the X-ray. 
Hydrous zirconia is a powerful adsorbent for many 
substances, and this property has been utilized in the 
preparation of pigment lakes. Hydrous zirconia has 
also been proposed for use in the purification of water 
and certain industrial liquors. : 

Freshly precipitated zirconia is redissolved only 
sluggishly by strong mineral acids and very slowly or 
not at all by the weaker acids. Calcined oxides and 
naturally occurring oxides are dissolved by sulfuric 
acid only under vigorous conditions. Hydrous zir- 


conia which has been precipitated by a carbonate 
retains considerable quantities of carbon dioxide in its: 
composition, and is readily dissolved by many acids, 
including acetic acid. The carbonated hydrous zir- 
conia is therefore a convenient substance from which 
to prepare many zirconium salts. 


The sequence of 
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reactions may be represented: 


ZrOCl, + Na,CO; + zH,0 > ZrO2xH,0-yCO, + qd — y)CO. + 
2 NaCl (7) 


ZrO2-xH,0-yCO, 4 2HC-:H;0. > H.2ZrO2(C2H302)2 + 2H:O a 
yCOz (8) 


The compound diacetato-zirconylic acid, H2ZrO2(C:- 
H;02)2, is more commonly called zirconyl acetate or 
zirconium acetate, and is used extensively in the 
treatment of textiles to render them water repellent. 

The hydrous oxide of zirconium may be dehydrated 
to the anhydrous oxide by heating. The last traces of 
water are held with great tenacity, and analysts recom- 
mend igniting precipitated zirconia at over 1000°C. 
to insure total vaporization of the water. Anhydrous 
zirconia can also be prepared by other methods, such 
as the combustion of the carbide in air or in oxygen. 
It is one of the most refractory oxides known, melting 
at 2700°C. and boiling at about 4300°C. It is widely 
used in the fabrication of refractory ware. When 
properly prepared, zirconium oxide exhibits a brilliant 
thermoluminescence when heated by a gas flame, and 
it has served as a constituent of gas mantles. Zir- 
conia has interesting properties as a catalyst, for exam- 
ple, in the vapor phase esterification of carboxylic acids 
and alcohols. 

Zirconium salts show distinctive reactions with 
hydroxyaliphatic acids. When zirconyl chloride is 
added to a solution of an a-hydroxyaliphatic acid, 


a sparingly soluble solid separates from solution. The 
reaction appears to be: 
— H R bee Od 
ae 
C 
»~ a 
3RCHOHCO.H + AS ary 
ZrOCl. > H+ C—O—Zrg | + 2HCl (9) 
Vi Flin itp," ne ae 
O 0 Mech 8 | 
bo * 
H— : —C= 
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Trihydroxyaliphatic-zirconylic acid 


The sparingly soluble acid so obtained may be dissolved 
with alkalies such as NaOH or NH,OH, and zirconia 
does not separate from the solutions even at pH’s as 
high as 10.0 or 11.0. This shows conclusively that the 
zirconium is tied up in a complex anion. A typical 
reaction of the complex zirconium acid with bases may 
be expressed : 


H[ZrO(O.CCRHOH);] + 3NaOH > 
NaH [ZrO(0,CCRHO);] + 3H:0 (10) 


In these aliphatic acid complexes, the zirconium forms 
a chelated ring structure by coordination with the 
hydroxyl oxygen, and in so doing it promotes polariza- 
tion of the hydroxyl hydrogen atom, rendering it amen- 
able to replacement by alkalies. It has been found 
that if an a-methoxy aliphatic acid is used in place of 
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the hydroxy acid, no similar compounds are formed. 
This indicates the essential role of the polarized hy- 
droxyl hydrogen atom in the formation of the char- 
acteristic a-hydroxyaliphatic acid derivatives of zir- 
conylic acid. 

A peculiar analog to the a-hydroxyaliphatic acid 
derivatives is formed by carbonic acid. Carbonic acid 
may also be regarded as hydroxy-formie acid. The 
compound (NH,)3HZrO(COs)3-2H20, triammonium hy- 
drogen tricarbonato-zirconylate, has been isolated 
in crystalline state. It has proved of value in the 
preparation of other zirconium compounds, particularly 
because of the ease with which all constituents of this 
compound excepting the ZrO. may be volatilized off. 
This property has been utilized in treatments of fabrics 
to render them water repellent. The soluble alkali 
zirconium carbonates have been known for many 
years, and they are all related to the ammonium com- 
pound we have shown. 

The effect of the zirconium atom on organic hydroxyl 
groups is not limited to those compounds containing 
carboxyl groups. Similar chelated compounds, soluble 
in alkaline media, are known to form by combination 
of zirconium with polyalcohols such as glycol, glycerol, 
the sugars, etc. 

The tendency of zirconium to form chelated struc- 
tures with hydroxyl groups has been utilized in thera- 
peutic applications. The irritating component of 
poison ivy is known as urushiol, and it consists of a 
mixture of o-dihydroxy-benzene compounds containing 
long hydrocarbon side chains. When suitable zir- 
conium compounds are brought into contact with uru- 
shiol, a chelated ring is established and the two hy- 
droxyl groups are in effect chemically neutralized. 
Salves prepared with zirconium compounds have met 
with spectacular success in curing poison ivy dermatitis. 

The phosphates of zirconium and hafnium are of 
interest in that they are the most insoluble phosphates 
known in acid solutions. They may be precipitated 
from 20% sulfuric acid, and this precipitation is suit- 
able for the detection and determination of these 
metals. The calcined phosphate has the composition 
ZrP20;. While very stable in acid solutions, in the 
absence of acid these phosphates are readily hydrolyzed 
by water, the phosphate ions being displaced by hy- 
droxyl. 

Zirconium soaps can be prepared in numerous ways. 
A convenient method is by the addition of zirconyl 
chloride solution to an alkali soap solution. The zir- 
conium soap separates as an insoluble precipitate. Zir- 
conium soaps are highly hydrophobic, and the processes 
for water-repellence treatment of textiles to which we 
have already referred are in each case-directed toward 
the formation of zirconium soaps or lower fatty acid 
analogs on the surface of the fibers. The soaps can be 
dissolved in hydrocarbon oils, ‘and they have been 
proposed as components of greases for lubrication. 

When zirconium oxide is acted upon by fused al- 
kalies, zirconates are formed by a reaction such as: 
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NazCO; + ZrO. > NasZrO; + CO» (11) 


The alkali zirconates are insoluble in water, but hy- 
drolyze slightly to yield alkaline solutions. They are 
readily dissolved in acids, and advantage has been taken 
of this behavior in solubilizing zirconium compounds 
for analysis and in the industrial preparation of zir- 
conium salts. The alkali zirconates find use as opaci- 
fiers for ceramic glazes, and the alkaline earth zirconates 
are used as modifiers in dielectric ceramic bodies. 
Halogeno-zirconates such as K2ZrFs and K2ZrCle 
are well-known commerical salts and are used in the 
metallurgy of aluminum and magnesium to improve 
the grain structure of these metals. The fluozirconate 
can be produced by the action of sodium fluosilicate 
on zircon at 600°-800°C. as shown by the equation: 


K,SiFs + ZrSiO, —> K2ZrF. + 2Si0. (12) 


and the corresponding chloride can be prepared by 
fusing together potassium chloride and zirconium 
tetrachloride: 


2KCl + ZrCh, — K2ZrClg (13) 


The element zirconium has been prepared by reduc- 
tion of the oxide with magnesium and with calcium 
hydride, by displacement of the metal from molten 
halides with sodium or potassium, and by thermal 
decomposition of the iodide. In the latter process, 
vapors of the volatile tetraiodide are caused to impinge 
on a tungsten filament, heated to about 1200°C., where- 
upon the iodide decomposes with the escape of iodine 
and the deposition of a smooth layer of zirconium. 
Metal so prepared is ductile. Some reports have 
appeared in the literature in which the electrolytic 
deposition of zirconium from aqueous solution was 
described. However, other investigators have been 
unable to duplicate the alleged electrodeposition of 
zirconium from aqueous solution, and there is evidence 
for believing that this is an impossibility. 

While much light has been shed on zirconium chem- 
istry in recent years, it may still be regarded as a new 
field of scientific investigation, since much that is 
fundamental is yet to be adequately studied. Striking 
complexities are found in zirconium chemistry resulting 
from its amphoterism, its capacity to form poly acids 
and poly bases, and its frequent realization of its 
higher coordinate covalencies. These ramifications will 
attract much attention to zirconium chemistry and 
will doubtless result in many new and important uses. 
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REACTING WEIGHT OF A METAL 
A Laboratory Experiment 


Tue authors were assigned the task of devising an 
elementary laboratory course in chemistry for students 
who would subsequently specialize in one of various 
sciences. Obviously, such a course should be con- 
structed on a foundation of fundamental principles. 
The interest of students in these principles is best 
promoted by procedures which are experimentally 
sound. At the elementary level inexact procedures 
often result in a decreased interest in the principle 
involved and, more important, in a conviction of 
personal deficiency. It was also advisable that a good 
proportion of the experiments should serve a secondary 
but important function—a preparation for limited 
concentration in analytical chemistry. One of the 
principles illustrated in the prescribed course is con- 
cerned with the method of selecting the atomic weight 
of anelement. The historical and also a good pedagogi- 
cal approach to this problem is sufficiently realized 
through a limited quantitative examination of a single 
chemical reaction. The student is given a sample of 
pure lead bromide which is dissolved and the solution 
then treated with silver nitrate. From the weight of 
silver bromide the ratio of lead to silver is determined. 
A reacting weight of an element is defined as that weight 
which, in reactions involving only elements and com- 
pounds, will combine with some simple multiple of 
16 g. of oxygen, or with that weight of another element 
which will combine with some simple multiple of 16 g. 
of oxygen. A reacting weight is a number determined 
by analysis; the atomic weight is a particular reacting 
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weight assigned by reference to other experimental 
data. The procedure is given in the following outline. 

Approximately 0.5 g. of the pure metal bromide is 
weighed accurately on a watch glass. The weight of 
the sample is obtained by weighing the salt on a counter- 
poised watch glass, transferring it without brushing 
to a 400-ml. beaker, and weighing the adhering salt 
and watch glass. 

The bromide is dissolved in about 300 ml. of water 
to which has been added 2 ml. of concentrated nitric 
acid. Precipitation is effected in two stages: by adding 
4 or 5 drops of 0.1 M silver nitrate solution to the warm 
bromide solution and digesting a few minutes, followed 
by the addition of excess silver solution (0.60 g. AgNO; . 
dissolved in 10 ml. of water). The mixture is digested 
until coagulation is complete, when the relatively clear 
supernatant liquid may be tested for complete pre- 
cipitation. 

The student is advised to plan his work so that the 
filtering and washing of the precipitate can be accom- 
plished in one operation. A Gooch crucible is prepared 
and heated to constant weight in an oven at 140°C. 
The pure silver bromide is collected in the Gooch cru- 
cible in the following manner: first, filtered by de- 
cantation; second, washed by decantation with 200 
ml. of acidulated water (500 ml. water and 2 drops of 
concentrated nitric acid); and finally, transferred to the 
crucible and washed with the remaining wash solution. 
Tests on the filtrate should now confirm the absence of 
silver ion or of lead ion. 

The crucible and contents are heated to constant 
weight in the oven at 140°C. 

The weights of bromine and of silver in the silver 
bromide are calculated; knowing this, the weight of lead 
in the original sample is calculated. The ratio of the 
weight of silver to its atomic weight will equal that of 
the weight of lead to one of its reacting weights. 

By means of the Dulong and Petit rule, the approxi- 
mate atomic weight of lead can be calculated, and hence, 
in conjunction with the experimental value above, the 
accurate atomic weight. 

Lead bromide was chosen, partly because it could be 
prepared with a high degree of purity. The salts used 
in the preparation were ammonium bromide and lead 
acetate. The lead bromide was repeatedly crystallized 
to the desired purity. 

Each student calibrated his own set of fractional 
weights and a 1-g. weight. During the working period, 
as many as three students used one balance. 

The students were given verbally a recipe for pre- 
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paring the Gooch crucible which differed somewhat 
from the usual methods. The usual suspension of the 
asbestos! was prepared and sufficient was added to the 
crucible just to cover the perforations. A stream of 
distilled water was used to agitate thoroughly the 
asbestos particles within the crucible. This results 
in a cover of fine fibers of asbestos overlying coarse 
fibers. The resulting mat is quite thin, and barely 
permits visual observation of the holes in the crucible. 
It has been the authors’ experience in the research 
laboratory that this type of mat serves to remove ex- 
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ceedingly fine particles. Its preparation involves 
considerable care and has proved to be excellent train- 
ing for the students. 

The accompanying figure was constructed from a 
collection of over 700 students’ results obtained by their 
performance of this experiment over a period of four 
years. The precision and accuracy obtained were 
unusually acceptable and the students derived much 
satisfaction from the experiment. The high results 
seemed to be due to improperly prepared Gooch cru- 
cibles, permitting a little loss of silver bromide, whereas 
the low results were accounted for in part by insufficient 
washing of the precipitate. 





INTERPRETING ELECTRONIC STRUCTURES 


Tue relationships between electricity and matter 
have intrigued man since he first began to observe. 
The fields of electrostatics and electrodynamics have 
supplied us with some of our most useful tools as well 
as some of our most penetrating insight into an under- 
standing of the nature of the universe. Neither of 
these fields is sufficient to cover those aspects of elec- 
tricity of most interest to the chemist, however. As 
a matter of fact, the fundamental elucidation by Lewis, 
in 1916, of the nature of chemical bonds in terms of 
electrons, and particularly shared pairs of electrons, 
defied many of the established rules of electrostatics 
and electrodynamics. These discrepancies were later 
regularized in terms of the Pauli Exclusion Principle 
in 1925, the modified Bohr model of the nature of atoms, 
and the more recent quantum mechanical models of 
atoms, so that we now accept the ideas that picture 
any atom as composed of an electrically positive nu- 
cleus around which are arranged the negative electrons. 
It is this electron arrangement around the nucleus 
which will concern us here, for it is the changes in these 
electron arrangements and the interactions between the 
various possible electron arrangements which are of 
fundamental interest to chemists. 

It is completely acceptable today to consider these 
electrons to be arranged in a “structure,” but this 
concept of structure is not at all obvious nor is it even 
logical in terms of the laws of electrostatics which are 
familiar to students. One must present the argument, 
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therefore, in a different way. Since the experimental 
approach is the only method with which we are familiar 
which is more powerful than the logical method, 
it is suggested that experimentation be used to con- 
struct a pictorial representation. But it must be 
reiterated here that the pictorial representation should 
not be taken so seriously as to make one believe that 
it represents the physical situation within the atom. 
The representation is, at best, a consistent, mnemonic 
device permitting a formal description of the electron 
structures, from which many correlations with the 
chemical behavior of atoms and groups of atoms may 
be obtained. 

That all the electrons in a given atom are not identi- 
cal in behavior is a straightforward interpretation of the 
periodic table, of the ionization potentials, and of the 
thermionic emissions which have been observed. That 
the electrons are, for the most part, paired within the 
atoms is a straightforward interpretation of the 
diamagnetism and paramagnetism experimentally de- 
termined. Elucidation and acceptance of these two 
deviations from the ordinary rules of electrostatics 
allow an immediate interpretation of electronic struc- 
tures on the basis of such generalizations as the so- 
called Lewis Rule of Eight, and the electron shell 
population of 2, 8, 18, 32, etc., obtainable from the 
periodic table. 

It is at this point that the majority of chemistry 
students stop, at least until they undertake fairly 
advanced work. The usual statement is that further 
refinements are unnecessarily complicated and give 
little new correlation of electron structure with chemi- 
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cal behavior. This is partially justified by the almost 
complete omission from the discussions in chemistry 
of the elements scandium through nickel and their 
congeners in the other rows of the periodic table in 
terms of the electron structure of the elements. It is 
our purpose to point out that there is a device readily 
adaptable to demonstration lecture use, and easily 
comprehensible even to beginning students without 
any scientific background which allows the extension 
of the ideas of electron structure to all the atoms in the 
periodic table with almost equal ease. 


THE DEMONSTRATION BOARD 


Figure 1 pictures the board used in correlating elec- 
tron structures. It is based on a diagram first sug- 
gested, as far as known, by Pauling. The board 
itself is plywood, the holes being drilled with a flat- 
bottomed drill (Forstner drill). The holes correspond- 
ing to the same main electron level (1, 2, 3, 4, etc.) 
are connected by a painted strip for ease in identifica- 
tion. The vertical distance between any two holes is 
roughly proportional to the energy required to move 
an electron from one position to the other. Metallic 
dises are placed in the holes to indicate the presence of 
electrons in the various orbitals represented. Each 
hole can hold two discs, just as each orbital can hold 
two electrons. The s, p, d, f nomenclature is the usual 
formal spectroscopic one stemming from the old 
classifications; sharp, principal, diffuse, and funda- 
mental spectral lines. 

Study of the board renders it apparent that the 
“levels” of 2, 8, 18, 32, etc., found in the repetitive 
pattern of the periodic arrangement of the elements 
are not simple levels at all. Rather each of these 
groups of electrons is, in turn, composed of small 
groups of maximum size 2, 6, 10, 14. It is also appar- 
ent that, in terms of energy, the main levels overlap. 
This is well brought out at the right of the board where 
lines representing the energy level of each group of 
electrons are drawn to show the actual order of filling 
of the various energy levels available. The grouping 
of the lines at the right also indicates that the periodicity 
of 2, 8, 8, 18, 18, 32 in the periodic table is due to the 
way in which these main levels overlap rather than to 
the filling of any single level before another is begun. 
Four years’ experience in the application of this board, 
even in beginning chemistry classes, has furnished 
ample evidence of its usefulness in clarifying and 
correlating the study of chemistry. s 

The principal uses of the board are: (1) to recall 
electron structures of single atoms and simple ions, and 
thus interpret their behavior, and (2) to interpret mole- 
cule and complex ion formation in terms of the atomic 
orbitals available for bonding in the separate constitu- 
ent atoms and ions. 


MONATOMIC SUBSTANCES 
Application of the table to single atoms and mona- 


2? Pauuine, L., “Nature of the Chemical Bond,” 2nd ed., 
Cornell University Press, Ithaca, New York, 1945, p. 26. 
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tomic ions requires the use of three generalizations 
based on experimental data for all such atoms and 
ions known. These are: (1) electrons will enter the 
lowest available energy orbital, (2) electrons tend to 
unpair to the maximum extent in the available energy 
orbitals, and (3) energy levels tend to become com- 
pletely full or exactly half full of electrons. The most 
stable electron structure for any monatomic substance 
will depend on the number of electrons it holds and the 
application of these three generalizations. It must be 
pointed out in advance that there will be electronic 
configurations which involve conflict between the 
three generalizations, so that the structure which is 
most stable will depend upon the relative contribution 
of each of the three effects. In the great majority 
of cases no conflict arises, and in most of the rest the 
conflict is resolved merely by applying the generaliza- 
tions in their numbered order 1, 2, 3. 

From this picture one would deduce that the nuclear 
charge had no effect on electronic structure or the rela- 
tive energies of the various levels. Fortunately for the 
chemist, this is true in the case of the electrons in which 
he is interested, the electrons in the higher energy 
levels, 7. e., the valence electrons. The physicist is not 
so fortunate, for the energy levels do rearrange in 
relative order as the atomic number changes. Thus 
at very high atomic numbers the overlapping of main 
levels which is found at low atomic numbers disappears. 
This shifting is not appreciable for any given level, how- 
ever, until electrons have entered several of the levels 
to higher energy. Thus the relative shifting involves 
only energy levels containing electrons which are not 
available to chemical action and has no effect on the 
chemistry of the elements. The board is constructed 
to account for the order in which the electrons originally 
fill the available levels rather than to give a detailed 
picture of the situation after the levels have been 
completely filled. 

Thus, for a chemist, any monatomic particle having 
18 electrons, as in Figure 1, will have an electron struc- 
ture of 1s?, 2s?, 2p*, 3s, 3p° whether its chemical 
identification be sulfide ion, chloride ion, argon atoms, 
potassium ions, or calcium ions, for instance. In the 
above listing the initial number refers to the number 
of the main level involved (principal quantum number), 
the letter refers to the sublevel within the main level 
(s, p, d, f), and the superscript refers to the number 
of electrons in that particular energy level. It will be 
noted that this arrangement of electrons follows the 
three generalizations set up above. The electrons 
have entered the lowest available orbitals. They have 
unpaired to the maximum extent in these available 
orbitals, which in this case means not at all since there 
are just the right number of electrons to fill these lowest 
energy levels completely. The great stability of these 
structures having 18 electrons per atom is consistent 
with the last generalization, since every level is exactly 
full, the condition of maximum stability. Addition of a 
single electron would force its entry into the next higher 
energy level, 4s, from which it could be readily lost due 
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to the higher energy. Subtraction of a single electron 
would leave the 3p level with only 5 electrons, one un- 
paired, rather than in the completely full condition 
found in the figure. We have already emphasized 
that completely full levels are the most stable. 

The relative stability of ferrous and ferric ions is an 
interesting extention of the use of the board. Metallic 
iron with 26 electrons has an electron structure, as can 
be deduced from the board, of 1s’, 2s?, 2p®, 3s", 3p, 
3d°, 4s? (Figure 2). The electrons in the main level 
of highest number, here 4, are the valence electrons and 
their loss accounts for the ferrous oxidation state of 
iron. Note that in the ferrous ion there are 6 of the 
3d electrons, just one more than the number necessary 
to fill the 3d level exactly halfway. The tendency to 
attain a half-full level is so great that one of these 
3d electrons is readily lost with the formation of ferric 
ion. 

The fact that the ionization potential of oxygen 
atoms, 13.6 volts, is lower than that of nitrogen atoms, 
14.5 volts, in spite of the higher nuclear charge in oxy- 
gen is likewise attributable to the stability of a half-full 
energy level, the 2p level in this case. Similar consid- 
erations account for the fluctuations in ionization 
potentials with atomic number for the other chemical 
elements. 

Merely applying the generalization that the electrons 
will go into the lowest available energy level will give 
the correct electron structure for 79 of the 96 elements. 
(See any standard list of complete electron structures.*:*) 
The apparent anomalies at chromium, elements 41 
through 46 inclusive, gadolinium, and platinum are 
readily consistent with generalization number 2 that 
half-full and completely full levels are extremely stable. 
This leaves only iridium and the elements of atomic 
number higher than 88 as apparent exceptions. Since 
the form of the chart in the neighborhood of elements 89 
and higher is somewhat doubtful it is valid to say that 
only iridium does not fit in with the suggested scheme. 
This would seem to justify the statement made earlier 
that the conceptions used here are not too involved 
for even a beginning student. If it is further pointed 
out that since the levels fall into a very nice repetitive 
energy pattern (s; 8, PD; 8, DP; 8, d, P; 8, d, DP; 8, f ’ d, P; 
8), it is not even necessary for the student always to 
have the board to look at in solving electron structure 
problems. 


POLYATOMIC MOLECULES AND COMPLEX IONS 


An excellent discussion of the use of electronic 
structures in interpreting the formation of some poly- 
atomic groups of atoms has been given recently by 
Kieffer. The board illustrated in Figure 1 makes the 
presentation of such arguments very simple and in- 
creases student comprehension of the problem involved. 

The use of atomic orbitals in problems involving 
molecules is open to considerable criticism since it 
presumes as a first approximation that the orbitals of 


3’ Mecarrs, W. F., Science, 105, 514 (1947). 
4 Krerrer, W. F., J. Cue. Epuc., 25, 537 (1948). 





Figure 1 


an atom are not greatly affected by the process of 
chemical bond formation. This assumption is not 
adequate for a good many cases, such as the oxygen 
molecule, for instance. The great majority of mole- 
cules can be interpreted quite adequately in terms of 
atomic orbitals, however, but the generalizations must 
be changed from those used above for monatomic 
substances. 

The generalizations to be used in applying atomic 
orbital pictures to molecules are: (1) electrons tend 
to enter the lowest available energy level, (2) electrons 
tend to pair to the maximum extent, and (3) energy 
levels tend to become completely filled with electrons. 
It may be noted that the first of these is identical for 
both monatomic and polyatomic substances, as it 
needs must be if our ideas of stability as representing 
the configuration of lowest energy are to be: retained. 
The second generalizations are diametrically opposed. 
Monatomic substances tend to unpair electrons to the 
maximum extent whereas polyatomic substances tend 
to pair electrons to the greatest degree attainable. 
This same tendency to pair electrons in polyatomic 
substances accounts for the change in the third general- 
ization which states that, while both full and exactly 
half-full levels are stable in monatomic substances, only 
completely full levels are of great stability in poly- 
atomic substances. 

It is possible to predict, with the help of these gen- 
eralizations, the type of electron behavior which may 
be expected of each monatomic substance as it interacts 
with other groups to form neutral molecules or complex 
ions. The materials illustrated by the electron struc- 
ture in Figure 1 will be relatively inert since they 
already satisfy all the requirements for stability. On 
the other hand, their differences in stability to oxidation 
and reductions are directly correlated with the ratio of 
nuclear charge to number of electrons. The complex- 
forming ability of the elements in the central portion of 
the extended form of the periodic table is directly 
attributable to the tendency of these monatomic sub- 
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stances, containing many unpaired electrons and 
partially filled energy levels, to attain electron struc- 
tures in which the available energy levels are filled with 
paired electrons. From Figure 2 it is apparent that 
Fe(CO); may be formed by arranging 10 electrons 
(corresponding to those shared between the iron and 
five carbon monoxide molecules) in such a way as to 
finish filling the 3d level (four electrons), and the 4p 
level (six electrons) of the iron. Likewise, Fe(CN),~* 
and Fe(CN).~* may be formed using the 3d level (four 
electrons), 4s level (two electrons, and 4p level (six 
electrons), giving a total of 12 electrons introduced into 
empty iron orbitals—two for each one of the six cyanide 
groups. 

The tendency of the nonmetals to form covalent 
compounds with one another, whereas they form ionic 
compounds with metals, is also readily correlated with 
the electron structure board. The relative stabilities 
of oxidation states of a given element in covalent species 
are similarly capable of interpretation with this pictorial 
representation. 


ADVANTAGES OVER “ELECTRON SHELLS’”’ 


One advantage of this method over the more con- 
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ventional electron shell approach is that it does not 
attempt to give a close physical picture of the actual 
distribution of electrons around the nucleus. Any such 
shell-like representation is bound to give the student 
very erroneous notions of electron behavior. The 
concept of energy levels—that is, groups of electrons 
with different energy—is easily grasped and is much 
more in agreement with the experimental facts. Fur- 
thermore, experiments illustrating the existence of 
these levels may be done for the student, whereas there 
is no simple experiment which will demonstrate the 
existence of electron shells. Once the concept of 
energy difference has been firmly grounded, the idea 
of a roughly spherical distribution of negative electricity 
about the positive nuclei is easy to assimilate. The 
electron cloud pictures of atoms then make sense to the 
students. 

The introduction of s, p, d, and f levels also allows a 
correlation with the actual geometry of the atomic 
aggregates as has been summarized in a recent article.’ 


CORRELATION WITH THE PERIODIC PROPERTIES OF 
THE ELEMENTS 


The most important advantage of this approach may 
well be that it interprets the periodicity of chemical 
properties rather well. It seems very unfortunate 
that some chemists should accuse the rare earth series 
of ruining the periodic arrangement by “erupting after 
element 57.” Actually the rare earths serve as a 
wonderful introduction to the interrelationships between 
electronic structures and chemical properties. The re- 
lationships between the various forms of periodic table 
which have been suggested also become apparent to the 
students when the electron board is used to differentiate 
the elements and their families, and many of the rather 
heated arguments over which is the “best” form of table 
lose some of their sting. 

We have found that the concept of atomic size, cou- 
pled with the visualization of the electronic energy levels 
here presented have greatly increased the students 
comprehension of the correlations which are possible in 
a science. 
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TRANSITIONS IN THE STATES OF MATTER— 
A LECTURE DEMONSTRATION 


A peater in gems came to the writer stating that he 
had been asked to write an article on the use of dry ice 
in a test to distinguish between a true gem and a col- 
ored glass imitation. He was seeking an explanation 
of why this method should work. 

The test consisted in pressing the stone firmly against 
a flat surface of dry ice and listening for a sound. 
Glass was said to give no sound, while crystalline gems 
emitted what may be called a dry ice squeal. If the 
gem is small and the surface rounded, it is difficult to 
detect any sound. If it is large and has a flat surface, 
the squeal may be heard for some distance. No case 
was observed where glass emitted a detectable sound 
when the flat surface was pressed against dry ice. 
With gems, the sound is of short duration, but with 
copper and other metals which are good conductors of 
heat, the sound may continue for some time. 

When a calcium fluorite crystal is pressed firmly down 
on the surface of dry ice, a distinct sound of short dura- 
tion can be heard. The sound may be readily amplified 
so that it can be heard throughout a large room by 
bringing a microphone close to the point of contact. 
If a piece of plate glass is used in place of the fluorite 
crystal not even a faint sound can be detected. 

Reference to the literature revealed that crystalline 
quartz is a much better conductor of heat than fused 
silica.! Along the perpendicular axis the erystal has 
seven times the heat conductivity of the same mate- 
rial in the solid state after fusion. Parallel with the 
axis of the crystal, the heat conductivity is thirteen 
times that of fused silica. 

As a check on these facts, a quartz crystal weighing 
about 400 g. was pressed firmly against the dry ice sur- 
face. The characteristic sound was heard, but at 
the same time fracture lines appeared in various parts 
of the crystal. This was both amazing and discon- 
certing. One would scarcely care to submit a sus- 
pected gem to a test in which a fracture might result 
if the stone turned cut to be a true gem. The quartz 
crystal may have been defective for one would not 
expect the vibrations set up or the differential of 100° 
in temperature, resulting from the contact between the 
crystal and the dry ice, to fracture a sound crystal. 

The squeal may be more effectively demonstrated by 
the use of metal rods in place of the crystals. A 25-cm. 
cube of dry ice is placed so that it presents a smooth 





1 Presented at the Symposium on Lecture Demonstratjons be- 
fore the Division of Chemical Education at the 115th meeting of 
The American Chemical Society in San Francisco, March 27- 
April 1, 1949. 
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Quartz Crystal Showing Fractures Resulting from Contact with Dry 
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horizontal surface. Next a metal rod of about 2 cm. 
diameter is laid across the flat surface of the dry ice, 
and a microphone is brought close to amplify the sound. 
Then, in turn, additional rods are splaced beside the 
first rod. With the addition of each rod the sound 
increases until it reaches fire-alarm proportions. By 
the time five or six rods have been placed on the ice it 
may be desirable to remove the microphone because of 
the din. The uproar will continue for many minutes if 
the rods remain on the dry ice. 

Aluminum and aluminum-alloy rods work well for 
this demonstration because of the relatively low density 
and high heat conductivity. Copper, iron, and other 
metals may be used, but they are less effective in pro- 
ducing loud and continuing noise. 

Attempts to produce musical tones proved unsuccess- 
ful, even when the rods used did produce such tones 
when suspended and struck a single blow. The high 
frequency of the impacts when the metal rests on the 
dry ice prevents the production of musical tones. 
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These demonstrations and those to follow are given 
in a course after the kinetic molecular theory has been 
studied. The interest aroused by the demonstration 
is used to stimulate thinking among the members of 
the class. The students are warned of a quiz to follow 
the demonstration and they are invited to ask ques- 
tions concerning it. After the questions raised by the 
class have been answered, a quiz containing such ques- 
tions as the following is used to develop important 
points of the demonstration. 

1. Explain why crystalline substances produced a 
slight sound of short duration when pressed against 
dry ice, while glass produced no sound at all and the 
metal rods yielded a loud noise of long duration? 

2. What is the source of the energy which produces 
the vibrations and prolonged squeal when the rods are 
placed on the dry ice? Explain. 

3. What effect upon the intensity and duration of 
the squeal would you expect to result from using a rod 
of 5 cm. diameter and 2 meters length in place of the 
similar 2-cm. diameter rod? 

4. Point out what effect on the demonstrations 
each of the following conditions would have: (a) high 
relative humidity in the room; (b) low atmospheric 
temperature; (c) use of a flat, thin piece of metal in 
place of the rods. 

For large classes this quiz might well take the form 
of multiple choice or completion questions. There is a 
real advantage in discussing such a quiz as soon as the 
papers have been collected. 


DEMONSTRATIONS OF THREE DIFFERENT TYPES OF 
CRYOPHORUS 


Whatever the form of cryophorus to be prepared, it is 
equipped with a short side arm of 7 to 10 mm. diame- 
ter through which the air is removed and the desired 
liquid introduced. This side arm is sealed off when the 
proper amount of liquid at the desired pressure has been 
obtained in the apparatus. 


Methods of Charging a Cryophorus 


To charge a cryophorus with water, it is filled com- 
pletely with water by alternate partial evacuation of 
the air and allowing the water to be forced in by at- 
mospheric pressure. 


With the side arm up and vented 





Bromine Filled Cryophorus—Baker Type 
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by tubing extending below the surface of water, the 
eryophorus is heated from below until about 50 ml. of 
liquid water remain. The exit tube is then closed and 
the flame removed simultaneously. The éxit tube is 
then sealed close to the cryophorus. 

Although bromine and benzene cryophoruses have 
been prepared by the above method, it is much better 
to use the following procedure because of their toxic 
and flammable nature. The desired,amount of bromine, 
previously dried and distilled, is introduced into the 
cryophorus by first creating a partial vacuum and 
then allowing the liquid to be forced in by atmospheric 
pressure. In this case, however, only that quantity 
required for the operation of the cryophorus is intro- 
duced. The lower portion of the eryophorus is now im- 
mersed in an acetone-dry ice mixture, freezing the 
bromine solid and reducing the vapor pressure to a 
very small value. The side arm is connected to a 
motor-driven oil pump protected by an acetone-dry ice 
cooled trap and equipped with a mercury manometer 
in the vacuum line. It requires from fifteen minutes 
to one-half hour to reduce the pressure to the limit of 
the pump, usually 1 mm. of mercury or less. The side 


arm is then sealed close to the cryophorus while the - 


pump is still operating. 

The benzene and chloroform cryophoruses were pre- 
pared in a similar manner. 

Caution should be used in the preparation of a bro- 
mine cryophorus because of the danger arising should 
the apparatus be broken and appreciable quantities of 
the toxic bromine escape in a crowded room. The 
glass apparatus should be of sturdy construction, an- 
nealed and tested for strains. 

In preparing the freezing mixture with dry ice, it has 
been found desirable to use acetone rather than alcohol, 
kerosene, or other liquids because with acetone there is 
much less of the troublesome boiling over so character- 
istic of the mixing alcohol at room temperature with 
dry ice. 


Bromine, Benzene, and Chloroform in Cryophorus Demon- 
strations 


The demonstration of the freezing of water by the 
evaporation of the liquid at low pressures is an inter- 
esting one which has been used for many years. R. A. 
Baker describes a form of cryophorus containing water, 
and it is this type which the Central Scientific Com- 
pany has listed in its catalog as the Baker-Cryophorus.? 
The replacement of water with bromine, benzene, or 
chloroform in this and other types of the cryophorus has 
led the author to demonstrations which are both 
entertaining and instructive. 

When a dry ice-acetone mixture is placed in the 
depression on the right side of the water-filled cryo- 
phorus, the liquid water in the bulb on the left starts to 
freeze in less than one minute and becomes entirely 
solid in a short time. 





2? Baker, R. A., Am. Phys. Teacher, VII, 424 (1939); Tis 


JOURNAL, 25, 259 (1948). 





is | 
is j 
in 
liq 
ice 
mij 
, 


pos 


fee 
of | 
ste: 
zen 
bur 
the 
sto} 
sub 
leg 

ice- 
vol 
whi 
and 
rate 
tior 
in t 
cess 





ON 


the 
of 
nd 


. is 


ive 
ter 
xic 


TO- 
uld 
: of 
"he 


an- 


has 
10l, 
e is 
/er- 
‘ith 


on- 


the 
ber- 


oth 


the 
yo- 
3 to 
ely 


‘HIS 











SEPTEMBER, 1949 


The bromine-filled cryophorus is even more spectacu- 
lar. First, the deep red of the vapors fades to a much 
lighter color, the liquid freezes over, and the ice surface 
is shattered as the liquid boils and freezes simultane- 
ously. It continues to do this until all of the bro- 
mine becomes solid. The bubbling while freezing 
can be seen by all if the apparatus is carried along the 
aisles of the lecture room. Two forms of the bromine- 
filled cryophorus are shown in the photographs. 





Bromine Cryophorus—Punch Bowl Type 


An interesting variation of the cryophorus experiment 
is seen in the inverted U type. When the empty leg 
is immersed in an acetone-dry ice mixture, the benzene 
in the other leg freezes over, the vapor pressure of the 
liquid benzene ruptures the solid surface and particles of 
ice fly along the tube making the one-way kinetic 
migrations of the molecules visible to the eye. 

These flying particles of solid benzene suggested the 
possibility of introducing a paddle wheel in the cross 
member of the inverted U. This idea was put into ef- 
fect as shown in the photograph. The paddle wheel is 
of thin brass and mounted so that it rotates on tung- 
sten wire sealed into the walls of the cryophorus. Ben- 
zene was first used but was not very successful as 
bumping of the boiling liquid spattered benzene into 
the paddle wheel chamber where it promptly froze, 
stopping all motion of the wheel. Chloroform was then 
substituted for the benzene. With chloroform in one 
leg of the cryophorus and the other immersed in dry 
ice-acetone mixture the paddle wheel will frequently re- 
volve rapidly for as long as two minutes. The liquid 
which boils over into the wheel chamber does not freeze 
and stop the wheel, though it does sometimes retard the 
rate of rotation and reduce the length of time of rota- 
tion. Itis thought that a smallreservoir or suntp blown 
in the glass just below the wheel would drain off the exe 
cess liquid and, to a certain extent, remove the dif- 
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ficulty resulting from the unexpected bumping during 
the early stages of operation. 





Benzene Cryophorus—Inverted U Type 


Although it may not be necessary, it has been custo- 
mary to add a small amount of light lubricating oil to 
the chloroform to aid in the lubrication of the bearings. 
of the paddle wheel. 

After having known of the Baker type of cryophorus 
and having used the other liquids in the inverted U 
type, the writer was much interested to observe in the 





Cryophorus with Chloroform and Paddle Wheel 


Royal Institution of Great Britain, London, an exhibit 
of cryophoruses. They had been made by Dewar 
more than half a century before and included both types. 
and one with a paddle wheel in it. 
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The selection of bromine, benzene, and chloroform 
for cryophorus demonstration, in addition to water, was 
based on the properties of these substances as listed in 
the table. Doubtless there are many other substances 
which could be used, but bromine is a particularly 
fortunate choice because of its intense color in all three 
physical states. 

After having presented the above experiments and 
discussed the relationship of the data given above to 
them, it has been found that a quiz, such as the follow- 
ing, proved to be provocative of much discussion 
among the members of the class. 
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made it necessary to solidify more bromine than the minimum 
calculated. ; 

2. Explain how a high relative humidity in the room would 
affect the working of the demonstration. 

3. Explain why there is no apparent change in temperature of 
the cross member of the cryophorus while the bromine is freezing 
in the two end compartments. 

4. (a) For the three liquids mentioned in the table, placed in 
identical cyrophoruses, state which would solidify the greatest 
weight of liquid on the dry-ice-cooled surface in order to freeze 1 g. 
of liquid in the liquid reservoir. (b) Answer a question similar 
to the (a) part determining the relative number of molecules in- 
stead of the weight. 











QUESTIONS ON THE CRYOPHORUS DEMONSTRATIONS Mubabiias Risin 8 yd Paes Pose = 
1. When 10 g. of liquid bromine has solidified in the original 
reservoir, calculate the smallest possible number of grams of Water 0 80 100 540 
bromine which will have solidified on the dry-ice-cooled surface san ay ; 5 = a Po 
at the other end of the cryophorus. Show method of calculation Chiocoforwn —63.5 61.5 59 
and answer. Point out at least two factors which would have : oe u 
& A CONTINUOUSLY WEIGHABLE REFLUX APPARATUS 
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CHARLES E. WHEELOCK 
Lafayette, Indiana 


Tue apparatus illustrated in Figure 1 has been 
found useful in reactions requiring the introduction of a 
gas into a liquid medium and determination of the 
degree of reaction by gain in weight of the reaction mix- 
ture. 

As shown in Figure 1, the apparatus consists of a 
tall-form beaker heated by a Glascol mantle and a 
water-cooled condenser through which passes a hollow 
stirrer for simultaneous agitation and introduction of 
gas. 

The condenser and stirrer bearing is made from a 
200-ml. round-bottom flask whose bulb has been ex- 
panded just to fit inside the beaker. An open piece 
of 10-mm. (I.D.) tubing sealed at A and B serves as a 
stirrer bearing. Cooling is accomplished by water 
flowing into the supported tube at C and out at D. 

In operation, the beaker and heater are placed on a 
balance pan, the combination condenser and stirrer 
bearing is clamped as shown in Figure 1 so that the 
beaker may move vertically without binding and on the 
other balance pan are placed tare weights to balance the 
beaker, heater, and reaction charge, and also weights 
corresponding to the amount of gas to be absorbed. 
Stirring and refluxing are started and gas is introduced 
into the chamber at EZ. Lubricated rubber seals at 
F and G prevent escape of the gas, which enters the 
hole H, passes down the hollow stirrer and leaves at the 
fine openings J. In order to prevent solvent loss, gas 
should be introduced at a rate not much greater than 
the rate of absorption. 
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PHASE RELATIONS OF THE SYSTEM 


ETHYLENE CHLOROHYDRIN-CYCLOHEXANE 


For general classification, it is both convenient and 
logical to divide binary liquid solutions into two broad 
classes. The first of these is defined by Raoult’s law 
and involves molecular species of such similarity that 
the environmental effects resulting from intermolecular 
forces are constant and independent of the composition. 
As a consequence, the fugacity of each species, which is 
a measure of their escaping tendencies, is proportional 
to their mol fraction in the solution at all concentra- 
tions. Such solutions are classified as ideal. 

The second of these two classes involves molecular 
species which are dissimilar. In such solutions, the 
environmental effects and, therefore, the escaping ten- 
dencies of the components vary with the composition. 
Deviation from the linearity of the fugacity-composi- 
tion relations required by Raoult’s law become mani- 
fest and measurable with the aid of appropriate phase 
diagrams. These solutions are, accordingly, classified 
as nonideal. 

The intermolecular forces, which are finite in real 
solutions, may vary both in character and magnitude 
in direct proportion to the degree of dissimilarity of the 
molecular species involved. These variations lead to a 
further classification of nonideal solutions, which is 
based fundamentally upon the opposition exhibited by 
the components to mixing. Thus, the components 
may be: (1) completely miscible but producing azeo- 
tropes, (2) partially miscible, or (3) completely immis- 
cible, and nonideal solutions are grouped accordingly. 
If the dissimilarity of two given components is suffi- 
ciently great a marked deviation from the linearity 
required by Raoult’s law becomes evident in the sig- 
moidal form of the fugacity-composition curve for the 
temperatures below the critical value. Under these 
conditions the components are partially miscible, and 
two conjugate solutions result. However, deviations 
from Raoult’s law vary inversely with the temperature. 
Therefore, for temperatures above the critical value 
the sigmoidal form of the fugacity-composition curve 
disappears, and a completely miscible system, produc- 
ing a minimum azeotrope, results. 

The description of the phase relations of such a sys- 
tem clearly requires two independent diagrams for 
temperature ranges over which the components are, 
respectively, partially miscible and completely miscible. 
If the boiling point of the minimum azeotrope and the 
critical solution temperature are not far apart, these 
diagrams serve to illustrate (a) the effect of temperature 
on the ideality of binary liquid solutions, and (b) the 
origin of phase diagrams of partially miscible systems 
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Wayne University, Detroit, Michigan 


whose critical solution temperatures cannot be realized 
at normal pressures. 

As might be expected on the basis of their polarities, 
cyclohexane and ethylene chlorohydrin form solutions 
which exhibit a moderate positive deviation from 
Raoult’s law. Furthermore, these compounds produce 
a minimum azeotrope whose boiling point differs from 
the critical solution temperature by less than 12 de- 
grees. In this paper the phase relations of the ethylene 
chlorohydrin-cyclohexane system, both above and be- 
low the critical solution temperature, will be presented. 
Two phase diagrams, representing partial and complete 
miscibility are involved, and methods for obtaining 
data for these will be described. 


THE REFERENCE CURVE 


The initial step in the procedure was the purification 
of the compounds. Eastman’s best grades of cyclo- 
hexane and ethylene chlorohydrin were obtained and 
further purified by fractional distillation. The final 
products boiled over temperature ranges no greater 
than 0.1°. In order to determine the composition of 
the samples of distillate and residue for consecutive 
stages of the distillation, it was necessary to construct 
a reference curve by plotting the refractive indexes of 
prepared solutions against corresponding known com- 
positions. Below the critical solution temperature con- 
jugate solutions are obtained which resolve themselves 
into two liquid layers. Therefore, in order to obtain a 
continuous curve for the whole composition range be- 
tween the pure components, it was necessary to employ 
a mutual solvent to render the solution layers homo- 
geneous.”*> Accordingly, 21 solutions were prepared 
by measuring increasing quantities pf ethylene chloro- 
hydrin into successive small test tubes in increments of 
0.1 ml. Sufficient cyclohexane was added to each of 
these to make a total volume of 2 ml. Two 5-ml. micro- 
burets were used to measure the liquids. The con- 
jugate solutions made their appearance as two liquid 
phases in most of the tubes at room temperature, and 
these were reduced to a single phase by the addition of 
1 ml. of the mutual solvent benzene. A number of 
mutual solvents were previously tested, but the de- 
sired homogeneity was obtained with the least added 





1 For an excellent treatment of this subject, see Dowden, S. T., 
“The Phase Rule and Phase Reactions,’’ Macmillan and Co., 
Ltd., 1938, Chapter 6. 

2 Jasper, J. J., C. J. CAMPBELL, AND D. E. Marsnaut, J. 
Cue. Epuc., 18, 540 (1941). 

3 Jasper, J. J., L. G. FARRELL, AND M. Maporr, ibid., 21, 536 
(1944). 

















Figure 1. The Distillation Apparatus 


volume when benzene was used. Therefore, to all dis- 
tillation samples subsequently collected for analysis 
sufficient benzene was added to maintain this volume 
ratio, namely, two parts of the sample to one part of 
benzene. The refractive indexes of the pure com- 
pounds and solutions were measured at 30°C. with a 
Bausch and Lomb dipping refractometer. Since the in- 
strument was equipped with an auxiliary prism used in 





TABLE 1 


Data for Reference Curve 





-———Composition———- 
Ethylene Cyclo- 
chlorohydrin, hexane, 
ml. ml. 


Ethylene 
chlorohydrin, 
mol fraction 





0 

0.07889 
0.15309 
0.22312 
0.28920 
0.35169 
0.41089 
0.46704 
0.52038 
0.57111 
0.61941 
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conjunction with the immersion prism, very small 
quantities of liquids were required. The mol fraction 
of ethylene chlorohydrin in each solution was calculated 
on the basis of a total volume of 2 ml. The effect of the 
benzene present was disregarded, since this factor is 
automatically cancelled when the reference curve is 
applied in determining the composition of the distilla- 
tion samples. The refractive indexes were plotted on 
a large scale as ordinates against the mol fractions as 
abscissas. This gave a smooth, continuous curve which 
could be read directly to the fourth place of decimals 
and estimated to the fifth place. The data are shown 
in Table 1. 


THE DISTILLATION APPARATUS 


The distillation system, shown in Figure 1, consisted 
of a 500-ml. distilling flask, a, with a 30-cm. side arm, d, 
of 5-mm. bore. The side arm was equipped with a 
15-cm. water condenser (not shown in the figure) and 
bent sharply downward at the outer end to accommo- 
date the receiving container. The neck and upper por- 
tion of the flask bulb were covered with an asbestos 
jacket 1 em. thick. Narrow slits were cut diagonally 
opposite in this jacket to provide for inspection of the 
contents of the flask during distillation. 

In order to obtain smooth phase-boundary curves it 
is necessary to obtain samples of the distillate and resi- 
due as simultaneously as possible. To facilitate this, 
arrangements had to be made to remove small quanti- 
ties of the residue from the flask without interrupting 
the boiling. This was accomplished with the aid of the 
capillary delivery tube, b, which was inserted through 
the stopper, f, with its lower opening at a level near the 
center of the liquid contents of the flask. The upper 
end was bent downward in an arc as shown in the figure. 
Four receiving containers, e¢, 1 X 8 cm., with side arms, 
were constructed and accurately calibrated to 2 ml. 
These were designed to fit tightly over rubber gaskets, 
c, located near the outer end of each delivery tube. To 
obtain a sample of the residue, the receiver was fitted 
over the gasket and the liquid within the flask was ob- 
tained by suction on the side arm of the receiver. To 
insure that the residue samples were representative of 
the liquid within the flask the residue delivery tube was 
blown free of trapped liquid each time and the samples 
immediately withdrawn. The stopper, f, was carefully 
covered with lead foil to insure continued purity of the 
compounds during the distillation process. A ther- 
mometer with 0.1°C. scale divisions was used, and this 
was standardized to a constant depth of immersion. 


EXPERIMENTAL 


Two distillations were carried out, one with an excess 
of ethylene chlorohydrin and the other with an excess 
of cyclohexane. The procedure was essentially the 
same in both cases. About 200 ml. of ethylene chloro- 
hydrin was placed in the flask and enough cyclohexane 
added until a distinct double layer was observed after 
vigorous shaking for several minutes. The total vol- 
ume was about 260 ml. The flask was immersed in an 
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oil bath, and the temperature slowly raised. The com- 
ponents soon became completely miscible, and when 
the liquid started to boil the temperature was carefully 
regulated in order that the rate of accumulation of the 
distillate could be readily controlled. Fourteen samples 
each of the distillate and residue were obtained during 
the distillation. 

The second distillation involved a two-phase mixture 
containing an excess of cyclohexane. This time about 
250 ml. of cyclohexane was placed in the flask, and 
small increments of ethylene chlorohydrin were added, 
with constant shaking, until a double layer was again 
obtained. This distillation procedure was similar to 
that described above, seven samples each of the dis- 
tillate and residue being obtained. Before the refrac- 
tive indexes of the samples were determined benzene 
was added to each in the volume ratio required by the 
reference curve. The data for these distillations are as- 
sembled in Table 2, the last two columns being ob- 
tained by extrapolation from the reference curve. 





TABLE 2 
Data for Phase Diagram 





Temperature, 
2 Ethylene chlorohydrin, 
mol fraction 


corrected Refractive indexes at 30°C. 
Distillate Residue 


to 760 mm. _ Distillaté Residue 


Distillation with excess ethylene chlorohydrin 
1.44515 1.44652 0.378 0.482 
.44520 1.44999 0.383 0.699 
.44525 1.45164 0.385 
.44537 1.45338 0.395 
.44569 1.45378 0.420 
.44613 1.45433 0.453 
1.45500 
1.45550 
1.45598 
1.45631 
1.45681 
1.45705 
1.45717 
Le 1.45725 ns 
Distillation with excess cyclohexane 
1.44505 1.44417 
1.44465 1.44295 
1.44418 1.44257 
1.44363 1.44247 
1.44310 1.44245 
1.44256 1.44244 
1.44242 sie 





77.3 
77.8 
78.0 
80.1 
82.9 
87.1 
94.4 
03.5 
09.4 
13.8 
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The decreasing miscibility of the components at 
lower temperatures is evidenced by the appearance of 
a miscibility gap. The data for the miscibility gap are 
not obtained by a distillation process but by preparing 
known mixtures of the components and determining 
the temperature at which turbidity occurs. Twenty- 
eight samples were prepared at room temperature, by 
measuring increasing quantities of ethylene chloro- 
hydrin into small test tubes with the aid of a 5-ml. 
microburet. The total volume was then brought to 5 
ml. by the addition of cyclohexane. Two-phase sys- 
tems were obtained in the first twenty-one tubes, but 
the liquid remained homogeneous in the last seven at 
20°C. The tubes were stoppered, and those containing 
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Figure 2. Phase Diagram of the Ethylene Chlorohydrin-Cyclohexane 
System 


a double layer were heated separately in a water bath 
until a single phase was obtained. The temperature 
was then slowly decreased while the liquid was agitated 
with a swirling motion. At the first trace of turbidity 
the temperature was recorded as the miscibility point 





TABLE 3 
Data for Miscibility Gap 





Temperature, 
°C., corrected 
to 760 mm. chlorohydrin 


27.7 0.1 
40.6 
48.1 
53.4 


chlorohydrin, 
mol fraction 


0.032 
0.064 
0.094 
0.124 
0.153 
0.224 
0.289 
0.352 
0.411 
0.467 
0.520 
0.571 
0.619 
0.665 
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of the system involved. This process was repeated 
several times for each of the two-phase mixtures, the 
observed miscibility points consistently agreeing. The 
data are shown in Table 3. 

Two composition diagrams are involved for tem- 
perature ranges over which the components, respec- 
tively, are completely and partially miscible. The data 
for the first of these are found in Table 2. The compo- 
sition diagram is constructed by plotting the mol frac- 
tions of the ethylene chlorohydrin in the distillate and 
the residue, respectively, as abscissas, against the cor- 
responding temperatures (corrected to 760 mm. of 
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mercury) as ordinates. The vapor and liquid compo- 
sition curves intersect at the point corresponding to the 
temperature of 78°C., the minimum of the range em- 
ployed, and the ethylene chlorohydrin mol fraction of 
0.375. The latter, therefore, is the composition of the 
azeotrope. The data for the temperature range over 
which the components are partially miscible are found 
in Table 3. For this composition diagram, the total mol 
fraction of ethylene chlorohydrin in the two liquid lay- 
ers is plotted as abscissas against the miscibility tem- 
peratures as ordinates. The two diagrams are shown in 
Figure 2. 


A TABLE FOR PROCESSING CORKS AND STORING SUPPORT STANDS 


H. L. DUNLAP and FRED TATE 
Ohio University, Athens, Ohio 


T'ue table shown in the illustration was 
built to help keep the organic laboratory 
from being cluttered up with loose sup- 
port stands and at the same time to help 
students prepare corks properly for their 
apparatus. 

It was made to fit into a space available 
where the two ends of the table were free 
for the removal of the support stands. 
It consists of four deck compartments, 
each deck holding seven support stands, 
the holes being staggered to allow strips 
within the deck to separate the support 
stand tops, thus one end of a deck holds 
four stands and the other three. This 
probably could be improved by using 
half-inch pipes for the top guides thus 
storing four supports at bothends of each 
deck. The four decks store twenty-eight 
support stands. Each deck is 2 inches 
high, including the */s-inch ply board 
flooring. Each deck extends 1 inch longer 
at each end, over the deck below, to per- 
mit the bases of the support stands to fit 
against the bases of those in the next lower 
deck. Six and one-half inch spaces are al- 
lowed for each support stand on each of 
the decks as the bases are 6 inches wide. 

The top of the table is 26 inches wide 
and 45 inches long, and made from */s- 
inch ply board over */s-inch lumber. 
This top gives ample room for two cork- 
boring machines, one at each end, with 
cork rolls and a rack for rat-tail files, 
chained to prevent displacing. There is 
room for a box of assorted corks when dis- 
pensed in this manner. 





AN APPARATUS FOR THE STUDY OF 
DIFFUSION IN LIQUIDS 


Tue apparatus described in this paper has _ been 
found useful in the determination of diffusion coeffi- 
cients in liquids, particularly in concentrated solutions, 
where large concentration gradients are encountered. 
Although it is not capable of the high degree of accuracy 
of the diaphragm diffusion cell of Gordon! or of the 
more elaborate optical procedures,?* it exhibits few, if 
any, of the experimental difficulties associated with 
these methods. Its simplicity of construction and ease 
of operation render it well suited for a laboratory experi- 
ment in physical chemistry, as well as for diffusion 
measurements not requiring extreme accuracy. 

The operation of the apparatus is based on the optical 
effect produced by a capillary illuminated by parallel 
light from a slit. The capillary forms a cylindrical 
lens, the focal length of which is a function of the refrac- 
tive index of the liquid filling the tube. When the tube 
is viewed through a cathetometer telescope a bright 
band appears within a dark band, the aperture of the 
telescope acting as a stop. Since the width of the 
inner bright band is also a function of the refractive 
index of the liquid in the tube, it is readily adaptable to 
the measurement of concentrations along a capillary 
in which diffusion is taking place. 

The accompanying figure shows a diagrammatic view 
of the entire apparatus. It is not necessary to use 
monochromatic light; a standard household fluorescent 
light fixture A has been found entirely satisfactory as a 
light source. The diffusion capillary C is made of No. 
0041 Corning clear standard thermometer tubing, the 
refractive index of which is 1.545. This, in effect, 
limits the apparatus to the investigation of liquids hav- 
ing refractive indexes below approximately 1.530, 
although the range is easily extended by use of special 
glasses of higher refractive index. For maximum sensi- 
tivity the capillary should not be directly immersed in 
the water bath H. The arrangement pictured con- 
sists of a cross made of copper tubing, into which the 
diffusion tube is fastened by means of rubber stoppers, 
the entire assembly being submerged in the thermo- 
stat. A 32-power cathetometer G, fitted with a 
graduated eyepiece is used to measure band width. 

In conducting a determination the capillary is first 
filled carefully from reservoir D through the stopcock F. 
The diffusing liquid is then introduced into reservoir E. 
Reservoir £ is sufficiently large to assure constancy of 
the concentration of the diffusing substance in the 

1 Gorvon, A. R., Ann. N. Y. Acad. Sci., 46, 285 (1945). 


2 Lonaswortn, L. G., Ann. N. Y. Acad. Sci., 46, 211 (1945). 
3 Harnep, H. S., Chem. Rev., 40, 461 (1947). 
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Diagram of Apparatus 


reservoir throughout the experiment. The liquid in the 
reservoir should be agitated gently by means of a re- 
ciprocating stirrer. A series of cathetometer readings 
along the tube is taken at several time intervals. It is 
essential that there be a sharp transition in diameter 
from the capillary to the reservoir, so that the zero 
point may be located with accuracy. From the data 
a plot of concentration against distance and time is 
readily constructed. 

To calculate diffusion coefficients, it is necessary to 
solve the differential equation of diffusion, subject to 
the boundary conditions of the apparatus, that is, for 
diffusion from an infinite reservoir into a semi-infinite 
tube. If the diffusion coefficient D is assumed con- 
stant, the solution takes the form :* 


E 2 Sept eae 
c= ae ee) 
Co fa k é 


c = Concentration of the diffusing liquid in the tube at a 
distance x along the tube at time ¢ 

cy = Concentration of the diffusing liquid in the reservoir 

D = “Diffusion constant” 5 


where 


From this relation D may be calculated. To obtain 
differential diffusion coefficients, the following relation 
must be used :* 


wn ee FS: 
Pe ah vi 

As a rule, diffusion coefficients can be determined by 
the method described with an accuracy of a few per 
cent, depending on the difference in refractive index 
between the two liquids. The main disadvantage of 
the method is its inability to give high accuracy at low 
concentrations where the change in refractive index is 
small. 





4CuurcHILL, R. V., “Fourier Series and Boundary Value 
Problems,’’ McGraw-Hill Company, New York, 1941, p. 123. 
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THE MAXIMUM USE OF THE CHEMISTRY 


LABORATORY 


Recentty, the writer described a plan! being put 
into operation by Temple University’s Department of 
Chemistry in the College of Liberal Arts and Sciences 
in an effort to provide adequately for increased demand 
for laboratory space. 

Essentially, the plan was to use, in the freshman 
courses, the same table space and the same set of 
apparatus for a succession of students numbering 
possibly as many as eleven throughout the week. 

It was anticipated that “advantages inherent in the 
common-locker system will outweigh whatever diffi- 
culties may be encountered in its operation.” This 
article is a report of the operation of the plan now in the 
fourth semester at the Cedarbrook Unit of Temple 
University. Freshman chemistry is conducted at 
two other units of the University—Havertown and 
the main Broad Street Unit—but the bulk of the fresh- 
man work is conducted at Cedarbrook. 

In general it may be said that of the anticipated ad- 
vantages all have been realized. Emphasis is added 
to this statement by the fact that as many as 250 
students have been accommodated in three different 
freshman courses, each with six feet of working space 
and a full set of equipment, in laboratories having an 
apparent capacity of 192. Each of the two laboratories 
has six conventional eight-student tables, over-all 
length 143 inches. 

A third laboratory of similar size would have been 
required to handle the 250 students in the conventional 
manner, whereas a single laboratory would have done 
so were it possible to schedule classes at the eleven 
possible times during the week. 

Not only has the conventional “check-in” and 
“check-out” been eliminated but the task of inspection 
by the storeroom between semesters has been greatly 
simplified. 

The fact that the students are at all times uniformly 
distributed throughout the laboratory has been found 
a great convenience. For certain structural reasons 
we have been able to use only 20 of the ’24 working 
spaces in the laboratory. Actual enrollment in a 
section is limited to 18, thus leaving two locations 
available for “make-up” students, 7. e., students 
who have been absent at their regular sessions. Such 
make-up students automatically fit into the class pat- 
tern without interference or crowding and have the 
usual space for work and a complete set of equipment. 
In order to observe when and where a make-up student 





1 Dunnine, W. G., J. Cuem. Epuc., 45, 457 (1948). 


WILBUR G. DUNNING 
Temple University, Philadelphia, Pennsylvania 


may be assigned it is only necessary to glance at the 
location board in the office. The appropriate make-up 
tag is then placed at the available location. Thus, the 
instructor is forewarned of the prospective make-up 
student and can make the necessary preparation to care 
for him. 

In the same way it can be ascertained where a va- 
cancy exists to which may be transferred a student from 
another section. :To accomplish such a transfer the 
student’s tag is moved from one spot to another on the 
location. ‘board and his laboratory record card is given 
to the prospective instructor. He now will possibly 
be working at a different location but is assured of as 
good facilities as he had before. 

It is obvious that with this system a reduced quan- 
tity of equipment can be carried. Indeec .t has been 
surprising that for the three semesters already com- 
pleted the replacement of apparatus due to breakage, 
etc., has been much less per student than under the 
individual locker system. 

As was anticipated, it is necessary that lockers and 
equipment be left complete by each student for his 
successor. A spot check is made by the storeroom 
on a few locations at random at the end of each labora- 
tory session. Also an incoming student reports his 
set incomplete if he finds it so. The latter check seems 
to be the more effective of the two. Reference to the 
location board on the side wall of the laboratory indi- 
cates who was the predecessor at the location and there- 
fore presumably responsible for the condition of the 
locker. A system of penalties to be applied to the 
day’s work in the laboratory is used to keep the erring 
student straight. It is to be said, however, that sur- 
prisingly few penalties need be applied. 

A by-product of the plan which had not been stressed 
is the fact of students being continually exposed to 
“a, place for everything and everything in its place.” 
There should be some carry-over in the student’s mind 
to his future lockers, which may assist him in being a 
more orderly housekeeper than he would have been. 

The laboratory space occupied by 20 students meas- 
ures about 40 feet by 31 feet. Adjoining is a 14-ft. 
X 9-ft. storeroom, and a 25-ft. X 9-ft. balance room 
housing 20 balances. 

The laboratory area contains two side-shelf sets of 
solids and solutions, buret cabinets, and a series of 1-ft. 
X 1-ft. X 1-ft. steel cabinets for the use of individual 
students. The plan as it has been worked out makes 
it possible for six 12-foot laboratory tables with 96 
lockers to accommodate as many as 264 students. 
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J. A.R. NEWLANDS: A PIONEER IN ATOMIC 
NUMBERS 


A war-century has elapsed since the death of John 
Newlands and a reappraisal of his work is long overdue. 
For Newlands has suffered something worse than neg- 
lect: he is widely remembered for but a portion of his 
work which has been misrepresented and misunderstood 
by many of his warmest partisans. 


John Alexander Reina Newlands 


As the author of the Law of Octaves—a pioneering 
generalization which preceded those of Mendeleeff and 
Meyer by nearly five years—the name of Newlands 
finds a place in every history of 19th century chemistry, 
nor do we lack sympathetic accounts of the ridicule 
which met the English chemist when he presented his 
ideas on the periodicity of the elements to the London 
Chemical Society in 1866. Newlands was belatedly 
honored by his fellow countrymen in 1887 by the pres- 
entation of the Davy Medal of the Royal Society, five 
years after Mendeleeff and Meyer had been similarly 
recognized. But the recording of these facts in most of 
the histories is a poor substitute for a comprehensive 
account .of Newlands’ work. The final, improved 
version of Newlands’ table of the elements has not been 
reprinted by any of his commentators, several of whom 
have grossly distorted the earlier tables which they 
discuss. Newlands’ very original work of 1872-78 
on atomic numbers has also been much neglected, 
thereby helping to create the picture of an ill-starred 
minor genius who collapsed completely after the cold 
reception accorded his prophetic proposal of 1866. 
Actually, Newlands published no fewer than sixteen 
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papers at fairly regular intervals between 1863 and 
1890, all dealing with the classification of the elements 
and with his claim to be recognized as the discoverer of 
the Periodic Law. 

Since most of the critical summaries of Newlands’ 
work were written prior to the elucidation of atomic 
numbers by Moseley in 1913-14 it is not surprising 
that the earlier Englishman’s speculations in this field 
aroused little interest. But today Newlands’ constant 
emphasis upon the ordinal numbers of the elements is 
one of the most interesting features of his work, to an 
account of which we may now turn. 

John Alexander Reina Newlands was born in 1837, 
only a short walk from Faraday’s birthplace in South- 
wark, London (1). He was educated privately by 
his father, the Rev. William Newlands, a minister of 
the Established Church of Scotland and a graduate of 
Glasgow University. From his mother, who was of 
Italian descent, young Newlands very likely inherited 
the taste for music which at a later date showed itself 
even in his chemical theorizing. Doubtless this Italian 
strain was also partly responsible for his joining the 
insurrectionary movement under Garibaldi which at- 
tracted so many English volunteers to Italy in May, 
1860. Only in November of that year did Newlands 
return to England to resume his work with Professor 
Way, chemist to the Royal Agricultural Society, whose 
assistant he had become in 1857 after a year at the 
Royal College of Chemistry. After 1864 Newlands 
set up in analytical practice on his own account and 
at this time and for some years afterward was a teacher 
of chemistry at the Grammar School of St. Saviour, 
Southwark, at the School of Medicine for Women, and 
at the City of London College. For most of his pro- 
fessional life Newlands was an expert in sugar chemistry. 
He became chief chemist at the refinery of J. Duncan 
in 1868 and developed several improvements in proc- 
essing, including the alum process for purification of 
beet molasses. A treatise on sugar, written in collabo- 
ration with his brother (2), and various technical 
articles including those on “Sugar” in Thorpe’s Dic- 
tionary are evidence of his stature in his field. After 
1886, when he retired from the sugar refinery, Newlands 
returned to his consulting practice in partnership with 
his brother, B. E. R. Newlands. He died of influenza 
in July, 1898, leaving a widow, as well as a son who 
took his father’s place in the firm. He was remembered 
by one of his most illustrious contemporaries (3) as a 
kindly, courteous man, and this is borne out by the 
prevailingly even and modest tone of the numerous 
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printed claims of priority in the matter of the Periodic 
Law which a sense of justice and self-respect led him to 
issue from time to time until his death. 

Enough has been said to show that Newlands was far 
from a chemical nobody, quite apart from his work on 
the classification of the elements. But in the latter 
he showed from the start a quite unusual grasp of a 
difficult contemporary problem. Before 1860 Gmelin 
(4), Pettenkofer (5), and Dumas (6) had developed 
the triad concept of Débereiner (7) to a considerable 
degree, and Gladstone (8), Cooke (9), and Odling (10) 
had published elaborate tables of elements which ac- 
complished little save to stress the existence of family 
resemblences; the highly inaccurate atomic weights 
then in use prevented the emergence of any relationship 
between all known elements. Only after the Karlsruhe 
Conference of 1860, at which Cannizzaro distributed his 
famous pamphlet (//) clarifying the problem of atomic 
and molecular weights, did the way lie open for the 
adoption of consistent atomic weight values. Young 
and enthusiastic, Newlands was among the first to 
accept the new atomic weights based upon the hypothe- 
sis of Avogadro. An early paper (12), mainly a re- 
working of Dumas’ ideas of 1857, classified the elements 
in eleven families and sought to discover simple arith- 
metical relationships among their equivalents (on the 
old basis) but really presented nothing new. A year 
later Newlands, at the early age of 27 and only four 
years after Cannizzaro’s revelation, had adopted the 
new atomic weights, using those published by Willliam- 
son (13) and was already in possession of the great 
secret of periodicity among the elements. 

Gladstone’s list of 1853 had arranged the 56 known 


Mr. Joun A. R. Newxanps read a paper entitled “ The 
Law of Octaves, and the Causes of Numerical Relations 
among the Atomic Weights.’’ The author claims the discovery 
of a law according to which the elements analogous in their 
properties exhibit peculiar relationships, similar to those 
subsisting in music between a note and its octave. Start- 
ing from the atomic weights on Cannizzarro’s system, the 
author arranges the known elements in order of succession, 
beginning with the lowest atomic weight (hydrogen) and 
ending with thorium (= 231°5); placing, however, nickel 
and cobalt, platinum and iridium, cerium and lanthanum, 
&c., in positions of absolute equality or in the same line. 
The fifty-six elements so arranged are said to form the 
compass of eight octaves, and the author finds that chlo- 
rine, bromine, iodine, and fluorine are thus brought into 
the same line, or occupy corresponding places in his 
scale. Nitrogen and phosphorus, oxygen and sulphur, 
&c., are also considered as forming true octaves. ‘The 
author’s supposition will be exemplified tn Table IL., 
shown to the meeting, and here subjoined :— 


Table II.—Elements arranged in Octaves. 





N 0. | No. No. No. No. No. 


15\Co&Niz2Br 29\Pd 36.1 42.Pt & Ir 50 
16/Cu 23 Rb 30 Ag 37/Cs 44:08 51 
17|Zn 24/Sr 3110 33|Ba & V 45 Hg 
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39 47 Pb 
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elements in order of increasing atomic weight, but since 
the values he used were erroneous in three-quarters of 
the cases, owing to incorrect ideas of valency, the se- 
quence of elements was meaningless. Newlands there- 
fore must take the credit for publishing the first list 
of elements correctly arranged in order of increasing 
atomic weight. He was led to do this in refutation of a 
suggestion that the atomic weights are multiples of 
eight, made by an anonymous contemporary. But 
in the same communication (14) he shows that he had 
already sensed the division into repeating families 
which such an arrangement of elements gives. Ac- 
knowledging its incompleteness and referring to other 
tables he had prepared “‘of a more complete character,” 
Newlands presented a table of 37 elements arranged in 
ten horizontal families (three of them fragmentary) 
which was a considerable advance on those current at 
the time. It is scarcely necessary to reprint this, but 
it is important to note that in this early table Newlands 
was quite aware of the need for leaving blanks for un- 
certain or undiscovered elements. His failure to do so 
later was a principal cause of mistrust of the Law of 
Octaves and the tables which illustrated it. In this 
early table of 1864 Newlands left many blanks, in- 
cluding those appropriate for aluminum (which for some 
reason he did not include) and those for the unknown 
scandium, yttrium, indium, and germanium, for the 
last of which he correctly predicted the atomic weight. : 

Within a month of this Newlands published (15) 
a portion of another table in which he had assigned to 
the elements, arranged as before, a series of consecutive 
atomic numbers. He was quite explicit about this, 
“calling hydrogen 1, lithium 2, glucinum 3, boron 4, 
and so on...” and was able to observe that ‘elements 
having consecutive numbers frequently occupy simi- 
lar positions in different groups.” From this time 
henceforth the concept of the ordinal numbers of the 
elements was to play a central part in all of Newlands’ 
speculations. 

In the busy year between August, 1864 and August, 
1865, Newlands tried several schemes for arranging 
the elements so as to bring out the parallel family 
relationships to good advantage, and came back again 
and again to that based upon the atomic numbers. 
We have his word for it that he “had tried several other 
schemes before arriving at that now proposed. One 
founded upon the specific gravity of the elements had 
altogether failed, and no relation could be worked out 
of the atomic weights under any other system than 
that of Cannizzaro.” The system “now proposed” 
was first given to the public in August, 1865 (16). The 
table of 62 elements arranged in eight vertical columns 
according to increasing atomic weight and forming 
seven horizontal families has often been reprinted 
correctly. A portion of the memorable announcement 
which accompanied it must, however, be quoted. 


If the elements are arranged in the order of their equivalents 
with a few slight transpositions, as in the accompanying table, it 
will be observed that elements belonging to the same group 
usually appear on the same horizontal line. It will also be seen 
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that thenumbers of analogous elements generally differ either by 
7 or by some multiple of seven; in other words, members of the 
same group stand to each other in the same relation as the ex- 
tremities of one or more octaves in music.... The eighth element 
starting from a given one is a kind of repetition of the first. 
This peculiar relationship I propose to provisionally term the 
Law of Octaves. 


A week later Newlands, full of his new scheme, pub- 
jished another short article (17) in which he endeavored 
to show “that all the numerical relationships among the 
equivalents, pointed out by M. Dumas and others, 
including the well-known triads, are merely arithmetical 


493 


results flowing from the existence of the Law of Octaves.” 
There is no record that the sweeping generalizations 
thus brought before the chemical world excited much 
interest nor, in fact, that they were really understood. 
A few months earlier Odling, one of the most astute 
students of the elements, had published another attempt 
at classification (18) in which he made use of the new 
atomic weights, but came to no valuable conclusion 
save that “among the members of every well-defined 
group the sequence of properties and the sequence of 
atomic weights are strictly parallel to each other” and 
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Figure 2. Newlands! 1866 Table Rearranged in Vertical Families 


Note: The atomic numbers follow the symbols and are those of Newlands. 


Beneath each symbol is the atomic weight used by Newlands; where grossly 


inaccurate it is enclosed in parentheses. 
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after detailed examination of the numerical differences 
between the atomic weights of analogous elements 
decided that these relations, though possibly in part 
accidental, were “too numerous and decided not to 
depend upon some hitherto unrecognized law.” The 
law dimly discerned by Odling was of course the 
Periodic Law, already clearly detected by Newlands 
though awkwardly named and poorly developed by 
him. 

During the winter of 1865-66 Newlands worked on 
his new law and made substantial improvements in the 
table which illustrated it, guided throughout by the 
atomic numbers and not hesitating! to place together 
in the same family elements then otherwise classified, 
if the sequence of atomic numbers demanded it. At 
last all was ready for the presentation of his ideas before 
the Chemical Society, of which Newlands had been a 
Fellow since 1860 and to whose Journal he had been an 
occasional contributor. Doubtless the young man 
hoped for helpful criticism from his senior colleagues, 
perhaps for encouragement and recognition, most 
certainly for their serious attention. He received but 
little. 

The date was March 1, 1866, and the place Burlington 
House. The Vice-President, Professor A. W. William- 
son, Ph.D., was in the chair—an eminent organic 
chemist who owed his fame to his discovery of the 
nature of the ether linkage, made when he was a young 
man of exactly Newlands’ age. For the details of 
what occurred at this meeting we must depend upon its 
reporting in the Chemical News a week later (19). 
Routine business was transacted. Four papers were 
read and discussed, Newlands’ being the second. The 
contributions of Church on new Cornish minerals, of 
Wanklyn on organo-metallic bodies, and of Wright 
on photographic papers all appeared duly in the Journal 
of the Chemical Society. Newlands’ paper was returned 
to him later as “not adapted for publication in the 
Society’s Journal.” The only reason vouchsafed 
Newlands for this refusal was given him seven years 
Jater on the occasion of his attempting to secure publi- 
cation in the same Journal of a brief note establishing 
priority in the matter of the discovery of the Periodic 
Law. Dr. Odling, then President, stated that the 
1866 paper had not been published because they “had 
made it a rule not to publish papers of a purely theoreti- 
cal nature, since it was likely to lead to correspondence 
of a controversial character.” This suave rejoinder 
scarcely explains, however, why Newland’s priority 
note of 1873 was not published either. 

We must turn, then, to contemporary accounts and 
to Newlands’ later reminiscences to learn just what 
was presented to the distinguished audience under the 
title: “The Law of Octaves and the Causes of Numeri- 
cal Relations Among the Atomic Weights.”’ Newlands’ 
statement of the law was presumably the same as that 
given above. The table (see Fig. 1) which is here 
reprinted for the first time in 83 years, was a consider- 
able improvement on the one of 1865, which is the one 
usually given. 
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The revised table resembles the one of 1865 in its 
failure to leave blank spaces for unknown elements, in 
its ill-judged location of the recently discovered indium, 
and in the assigning of the same atomic numbers to six 
pairs of elements whose atomic weights were nearly 
identical. But it has reduced from ten to four the 
cases of discontinuity in the series of atomic numbers. 
By following his new law nearly to the letter Newlands 
had-placed Tl] with B and Al instead of with the alkali 
metals as was then customary; he had also placed Pb 
with C, Si and Sn instead of with the alkaline earths, 
and had put Hg with Zn and Cd instead of with the 
ill-matched carbon family. Te and I he continued to 
place in reverse order of atomic weight, sensing as did 
Mendeleeff after him an exception from the general 
law which had to be left for a later generation to explain. 

The new locations for some of these heavier elements 
came in for criticism almost as severe as that which 
was leveled at the lack of blanks in the table. Dr. 
Gladstone found the elements in the last vertical column 
to resemble each other more than they did the families 
in which Newlands had placed them. Another critic 
condemned an arrangement which placed such elements 
as Mn and Cr far apart, also the separation of Fe, Co, 
and Ni. But it is easy to see that what the meeting 
lacked was the necessary background for the apprecia- 
tion of a scheme which proposed to trace a relationship 
among the atomic weights of all the elements. At 
that time, as Mendeleeff himself later remarked (20), 
only analogous elements were seriously compared, so 
that Newlands’ proposals doubtless appeared grandiose. 
Even so, the laughter provoked in Burlington House by 
the Fellow who “humorously inquired”’ whether New- 
lands had thought of examining the elements in the 
order of their initial letters has a hollow sound today, 
and may serve forever as a warning to too-hasty critics. 

Newlands replied soberly to his colleagues’ objections, 
but most of his remarks are not of record. Two weeks 
later (21) he endeavored to make clear the provisional 
nature of his “octaves” and his belief that his new law 
would not be upset by the discovery of other elements. 
“For, although the difference in the numbers of analo- 
gous elements might in that case be altered from 7, 
or a multiple of 7, to 8, 9, 10, 20, or any conceivable 
figure, the existence of a simple relation among the 
numbers of analogous elements would be none the less 
evident.”’ The discovery of the group of inert gases 
could clearly have been no blow to Newlands, and it is 
pleasant to think that he lived to witness a part of it. 

But, as H. 8. Taylor has observed (22), if only 
these elements had been known in 1865, Newlands’ 
unfortunate octave would never have been mentioned 
and his detractors would have had less to ridicule. 

The independent discovery of the Periodic Law by 





1 Sir William Ramsey’s book, ‘The Gases of the Atmosphere,”’ 
dealing in part with helium and argon, was published in 1896 
and contemporary chemical journals were full of the new ele- 
ments. Newlands’ last publication, a brief note in the Chemical 
News for June 26, 1896, bears witness that he had read carefully 
a page in the issue of the previous week on which appears an ac- 
count of Ramsay’s Boyle Lecture at Oxford on helium and argon. 
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Mendeleeff and Lothar Meyer in 1869-70 and its great 
development in the hands of both men soon left New- 
lands’ table a little-known curio, but its author did not 
abandon his speculations. He welcomed the newly 
named law and adopted it as his own. He hailed 
Roscoe’s new atomic weight for vanadium which made 
it possible for him to divorce that element from its 
uneasy location with barium and place it with nitrogen. 
He published two elaborate papers (23) in which, assum- 
ing a fairly constant ratio between atomic weight and 
atomic number, he endeavored to evaluate this constant 
and by division obtain a complete series of atomic 
numbers, including those of undiscovered elements. 
His final effort gave him 101 elements from hydrogen 
to uranium, with 37 intermediate blank spaces. In 
1878, after the discovery of gallium had awakened the 
chemical world to the significance of Mendeleeff’s 
work, Newlands summarized (24) his claims as dis- 
coverer of the Periodic Law, and six years later pub- 
lished a small book (25) containing a reprint of all his 
papers on the subject. He also sent a full account of 
his work to the German Chemical Society (26). These, 
together with the recommendations of Professor Frank- 
land, brought him the Davy Medal in 1887. Fame, 
such as it was, did not dull his interest, and as late as 
1890 Newlands published a keen rejoinder (27) to 
several inaccurate observations on his work made -by 
Mendeleeff in his Faraday Lecture of 1889. 

Trying finally to evaluate Newlands’ achievement, 
we may consider the claims made by himself in 1878. 
These were: 


(1) That he was the first to publish a list of the elements in the 
order of their atomic weights and also the first to describe the 
periodic law showing the existence of a simple relation between 
them when so arranged. 

(2) That he applied this period law to the following among 
other subjects: 


(a) Prediction of the atomic weights of missing elements, e. g., 
Ge = 73. 

(b) Prediction of the probable atomic weights of elements 
whose atomic weights were unknown, e. g., In. 

(c) Selection of Cannizzaro’s atomic weights instead of the old 
system of equivalents. 

(d) Prediction that the revision of atomic weights or the 
discovery of new elements would not upset the harmony 
of the law, since illustrated by the case of vanadium. 

(e) Explaining the existence of numerical relationships be- 
tween the atomic weights. 

(f) Selecting that of two atomic weights assigned to an ele- 
ment which was more in accord with the periodic law, 
e. g., Be = 9.4 instead of 14. 

(g) Grouping certain elements so as to conform to the periodic 
law instead of adopting the ordinary groups, e. g., Hg 
with the Mg group, Tl with the Al group, Pb with the C 
group, Te above I. 

(h) Recognition of certain diagonal relationships, e. g., Li and 
Mg. 


Without attempting, for the moment, to decide the 
justice of Newlands’ first and major claim, we may 
readily admit the correctness of all the items in claim 


(2) since these are verifiable by reference to Newlands’ 
published papers, all of those concerned being of earlier 
date than any by Mendeleeff or Meyer. To what ex- 
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tent Newlands was “applying” his Law of Octaves in 
some of these cases is nevertheless doubtful. One 
suspects that the imposing mass of deductive material 
assembled by Mendeleeff in his paper of 1871 (28) 
led the ill-treated Newlands to systematize his claims 
along the very lines in which the Russian was so 
impressive. But in the prediction of the undiscovered 
germanium, and of the atomic weights for beryllium 
and indium, it is worth noting that Newlands was 
correct in the first two cases and that in the third he 
made an alternate (correct) prediction which unfor- 
tunately was not the one he selected for his own use. 

Finally, Newlands’ chief claim: The discovery of the 
Periodic Law. If, as the present author believes, 
Newlands is to be credited with this, there are two 
matters to be settled. First, what of the speculations 
of de Chancourtois in 1862-63, and second, to what 
extent did the best table of elements produced by New- 
lands bear out his rather fancifully named generaliza- 
tion of 1865? 

The work of de Chancourtois (29), with its three- 
dimensional helix and his terse statement that “the 
properties of bodies are the properties of numbers” 
has yet to receive thorough evaluation by the chemical 
historian. It was utterly unknown to the chemical 
world until 1889, and when presented then in the most 
favorable light by the Frenchman’s compatriots still 
seemed a mathematical tangle to most chemists. In it 
are to be discerned things which we may now regard 
as a forecast of the Periodic Law, but one is tempted 
to agree with Sir William Crookes (30) that there is 
“'..no sufficient evidence that the author disen- 
tangled such matter from accompanying speculations.” 

Newlands, on the other hand, was clear and explicit 
in his statement of the Law of Octaves, and careful to 
the point of infinitive splitting in the matter of the 
provisional nature of the octaves themselves. What 
he undoubtedly discovered and repeatedly urged upon 
a reluctant public was the repetition of similar proper- 
ties after a regular interval, to be observed when the 
chemical elements are arranged in order of increasing 
atomic weight. This is the Periodic Law. If New- 
lands’ table, given above, is rearranged so as to present 
the vertical families with which we are familiar (Fig. 
2) and is then compared with Mendeleeff’s table of 
1871 the following correspondence? is to be noted: 


(3) Cr, Mn, Mo, Th, and W were misplaced by Newlands 


2 Garrett, A. E., “The Periodic Law,’’ Appleton, New York, 
1909, makes such a comparison but his use of the imperfect table 
of 1865 affords scant justice to Newlands. 

(1) Disregarding the location of the three groups of transition 
elements (Fe, Co, Ni) (Ru, Rh, Pd) (Os, Ir, Pt) which Newlands 
bunched properly but did not attempt to place in an eighth 
column, and of hydrogen which is exceptional, there are 14 
elements improperly placed by Newlands out of 62. 

(2) Of these 14 elements, nine were assigned grossly incorrect 
atomic weights in 1864-65, but reasonably correct values for 
these were available to Mendeleeff by 1870. These nine elements 
were In, Ce, La, Di,* U, V, Ta, Au, and Os. 








3 The rare earth ‘“‘didymium” which, in 1885, von Welsbach 
showed to be a mixture of neodymium and praseodymium. 
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although their atomic weights were substantially correct. Of 
these, Cr was used to fill the space that should have been left 
blank for Sc. (Similarly, Newlands used In, with a misjudged 
atomic weight, to fill the space appropriate for Ge, which he 
had himself predicted.) Mn, although certainly not belonging 
in the nitrogen family, was properly placed with respect to Fe, 
Co, and Ni so that if these had been assigned to a column by 
themselves Mn would have fallen correctly among the halogens. 
The other three must be counted as unredeemed mistakes. 


Viewed even in this most favorable light, it is easy 
to find fault with Newlands’ table. It would truly be 
but a poor substitute for those we employ today, yet it 
points inescapably at the great generalization of the 
Periodic Law. Today we can scarcely deny the truth 
of the dictum with which Newlands sought to emphasize 
his claims as discoverer :* 
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e VAPOR-PHASE RESEARCH 


Tuenrz is a trend in chemical industry toward the 
replacement of existing liquid-phase chemical processes 
by vapor-phase reactions. Also, there is an increased 
interest in the development of vapor-phase research. 
This trend has not received enough publicity in the 
college classrooms where students are prepared for 
positions in chemical industries and other chemical 
fields. Therefore, it is appropriate to acquaint chemis- 
try teachers with this field of research so that they may 
be able to discuss the significance of this trend with 
their students. 

Vapor-phase research need not involve a com- 
plicated investigation of reaction mechanisms. The 
research involves vaporization of two or more chemi- 
cals with subsequent passage through a catalytic reac- 
tion chamber, usually at an elevated temperature. If 
the desired chemical reaction takes place the products 
of the reaction will be found in the scrubbing towers at 
the end of the reaction chamber. If such products are 
found the variables of the reaction—temperature, time 
of contact, and ratio of components in the reaction 
mixture—are varied to obtain optimum conditions for 
maximum yield of the desired products. 

There are several possible advantages of vapor-phase 
reactions in chemical industry. The most important 
reason for development of this type of reaction is that 
it makes possible delicate and accurate control of the 
reaction time. In some instances it makes possible 
production of chemicals which are impossible to pre- 
pare by a liquid-phase batch process. 

An excellent example of such a reaction is the indus- 
trial preparation of nitroparaffins. Students in ele- 
mentary organic chemistry are usually told that it is 
virtually impossible to nitrate paraffin hydrocarbons 
by the conventional liquid-phase methods employed in 
producing aromatic nitro compounds. Oxidation of 
the paraffin hydrocarbons occurs and such small yields 
of nitroparaffins result that the reaction is seldom used. 
Instead, nitroparaffins are now made industrially in a 
vapor-phase reaction which gives good yields. A mix- 
ture of nitrogen oxide gases is passed with the paraffin 
vapor through a tube at about 400°C. Control of the 
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rate of passage of the reaction mixture through the 
reaction chamber permits a high yield of the nitro- 
paraffins to be obtained without appreciable oxidation 
of the nitroparaffins. 

Vapor-phase reactions also provide a continuous 
process which can appreciably reduce the cost of pro- 
duction. In a liquid-phase batch process huge reaction 
kettles must be charged with the reactants, sufficient 
time must be allowed for the reaction to take place, and 
then the reaction vessel must be emptied and re- 
charged. Such a process involves a high labor cost and 
an intermittent production schedule. A vapor-phase 
chemical process is continuous even beyond Henry 
Ford’s concept of the production line. Of all indus- 
trial processes it most nearly approaches the type 
visualized for the age of push-button factories without 
hand laborers. A vapor-phase process can continue 
uninterrupted for long periods on a twenty-four-hour 
schedule until it is necessary to replace a poisoned 
catalyst or to repair equipment. 

Purification of the product is necessary in liquid- 
phase reactions and this again increases the cost of 
production. In vapor-phase reactions, on the other 
hand, the products are frequently recovered in a rela- 
tively pure form and no further purification is required. 
This may be the result of the absence of solvent or of the 
fact that the by-products and unreacted reactants are 
gases which pass off without contaminating the product. 
An example of this is the direct production of phthalic 
anhydride by vapor-phase catalytic oxidation of 
naphthalene. 

There are several specific problems to be considered 
initially when undertaking a vapor-phase research 
investigation. The following general considerations 
are those which apply to any vapor-phase research. 
Each investigation presents individual problems. 

1. Of utmost importance is the question of whether 
the reaction is thermodynamically possible. If the 
reaction is an oxidation reaction, or if it has been carried 
out in the liquid phase, there is no question of its 
thermodynamic possibilities. If there is any doubt, 
however, appropriate calculations should be made. 
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2. The research problem involves a systematic 
investigation of the effect of many variables on the 
yield of the desired products. These are: (a) tempera- 
ture, (b) time of contact of gaseous mixture with the 
catalyst mass, (c) vapor ratio, (d) pressure, (e) use of 
diluent, and (f) catalyst and catalyst support. During 
a series of runs all variables except one are kept con- 
stant, and the resulting yields are plotted against the 
varied factor. In a subsequent series of runs another 
variable is selected and another plot made showing 
yields corresponding to the variance of that factor. 
This procedure is continued until the optimum condi- 
tions are determined for all of the variables. 

Of all the variables listed, the temperature, time of 
contact, and selection of the catalyst are the most 
important. Preliminary selection of temperature and 
time-of-contact ranges can be aided by review of the 
literature for reported reactions of a similar type. 
Selection of a catalyst may be aided in the same way. 
Some types of catalysts are known to be specific for 
certain types of reactions. For instance, the oxides of 
transition and rare-earth elements are effective in 
vapor-phase oxidations. If a certain catalyst is found 
to be effective, it is necessary to investigate other ele- 
ments near it in the periodic table before making a final 
selection. 

The concentration or ratio of components in the 
reaction mixture is an important variable. Any com- 
bustible vapor when mixed with proper quantities of 
air can explode if a spark or some other source of the 
energy of activation of the reaction comes into contact 
with the mixture. Ordinarily there is a certain range 
of concentrations in which mixtures are capable of 
exploding, and an experimenter, after determining the 
explosive range of the particular gaseous reactants with 
which he is working, should work only on the lean or 
rich side of this range. 

If the reactants or products are very unstable at the 
high temperatures required for the reaction, a short 
time of contact must be used. A large excess of the 
less expensive ingredient (in oxidations this would be 
air) can be used because such an excess of one of the 
ingredients will obviously increase the rate of flow of the 
reactants through the catalytic chamber as well as 
drive the reaction forward. 

A change of pressure can affect the rate of the reac- 
tion if there is a change in volume during its course. 
Use of high pressures very much complicates the equip- 
ment needed and should be avoided if possible. 

A non-reacting diluent can be used quite appro- 
priately in some reactions. Water vapor is particularly 
good for this purpose, because it can be condensed after 
passage of the reaction mixture through the catalyst 
chamber. If a nonreacting gas such as nitrogen is 


used it will sweep the vapors of the desired product out 
of the scrubbing system. Water vapor may also act 
as a homogeneous catalyst and its efficiency should be 
investigated. 

The catalyst support selected should be a refractory 
material which is not soluble in water, because water 
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solubility of the catalyst support would make prepara- 
tion of the catalyst very difficult. Aluminum oxide 
and silica gel are frequently used for this purpose: It 
must be remembered, however, that such compounds 
are dehydrating catalysts, and if used with alcohols in 
a vapor-phase reaction, dehydration of the alcohols 
would almost certainly result. 

There is no standard apparatus design for vapor- 
phase reactions, but the items needed usually include: 
a gas source and purification train, flowmeters, vapor- 
izer, reaction chamber, and scrubbing towers or con- 
densing system. The type of vaporizer and the reac- 
tion chamber selected will vary with the type of reaction 
investigated. The vaporizer can be large if the ma- 
terial to be vaporized is very volatile, inexpensive, and 
stable toward heat. When the material to be vapor- 
ized has none of these characteristics a small vaporizer 
must be designed to avoid heating a large quantity of it 
for a long period. As the reaction proceeds the reac- 
tant can be added as needed to maintain a constant 
supply of the vapor. 

A major problem in design of a reaction chamber is 
the prevention of leaks. If the reaction is not highly 
exothermic it is sometimes best to use a quartz tube, 
because it is such a poor conductor of heat that cork or 
rubber stoppers can be used on the ends of the chamber. 
Thus the leakage problem is practically eliminated. 
If the reaction is highly exothermic “hot spots” may 
develop in the catalyst. These hot spots are active por- 
tions of the catalyst mass where most of the reaction 
takes place. If these occur the temperature at that 
point may go as much as 300°C. above the temperature 
of the rest of the catalyst mass. To prevent this a steel 
chamber surrounded by a heat transfer medium, such as 
a lead-antimony bath, must be used. 

The apparatus may employ scrubbing towers con- 
taining a liquid solvent in which the desired products 
will dissolve. If isolation of the pure products is de- 
sired the condensing system may be immersed in a dry- 
ice—acetone bath in Dewar flasks without use of a 
liquid solvent. 

Analysis of the products frequently is so complicated 
in a vapor-phase research problem that the undertaking 
of such an investigation becomes impracticable. Ii, is 
best to select simple compounds to work with in the 
vapor-phase research, since use of simple compounds 
materially reduces the number of possible products. 
It is essential that rapid analytical methods be de- 
veloped for the desired products. A worker should con- 
sider all theoretically possible compounds that he can 
get in each run and establish rapid qualitative tests for 
the presence of these in the products mixture. 

There are other factors of less importance to be con- 
sidered in vapor-phase reactions. The possibility of 
catalyst poisoning is one of these, or.at high tempera- 
tures a catalyst may sinter or sublime. Availability 
of the catalyst is of some importance also. In a pre- 
war research problem in which an attempt was made to 
oxidize natural gas to formaldehyde with air, the 
author found that salts of uranium were very good 
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catalysts for that reaction. 
priate to attempt to use uranium salts in a researeh 
problem today, if it is desired that the reaction should 
be used commercially after development. Corrosion 
of the apparatus should also be noted during the re- 
search. 

To illustrate the principles which have been dis- 
cussed, a specific research problem is presented which 
was undertaken with the collaboration of Professor 
W. George Parks of Rhode Island State College. The 
problem involved the vapor-phase oxidation of toluene 
with air to form benzaldehyde. This problem is par- 
ticularly intriguing since toluene costs less than four 
cents a pound, whereas chlorine-free benzaldehyde 
costs about eighty-five cents per pound. 

Materials and Apparatus. The toluene used was 
commercial grade and the air used was unpurified com- 
pressed air. This air was divided by a Y-tube after 
which it passed through reducing valves and then 
through two flowmeters. One flowmeter measured the 
flow of air which passed through the toluene vaporizer; 
the other measured the air which passed directly to the 
reaction chamber. The vaporizer consisted of a por- 
celain tube inside of which was fitted the pyrex vaporiz- 
ing tube. This procelain tube was wound with Chro- 
mel C wire and surrounded by several layers of asbestos. 

The vertical chamber was made of calorized steel and 
was 30 inches in length and one-half inch in diameter. 
It was enclosed in a lead-antimony bath which was 
wound with Chromel C wire. Several layers of asbes- 
tos paper were used for insulation. The reaction mixture 
flowed down through the catalyst mass from top to 
bottom. This assured good contact with the catalyst 
and facilitated change of catalyst. The catalyst mass 
was held in position by a perforated procelain disc, 
supported in turn by a wire loop, the other end of which 
rested on the stopper at the bottom of the chamber. A 
thermocouple for measuring the temperature of the 
catalyst mass was contained inside a pyrex glass tube 
extending from the top of the reaction chamber to the 
catalyst mass. 

The condensing system consisted of a */,-inch glass 
tube, 1 foot in length, to the bottom of which was 
sealed a sintered glass disc. This tube contained a 
50-50 alcohol-water mixture. The exit vapors were 
forced to flow upward through the sintered disc into 
the solution. Benzaldehyde and other products were 
condensed out in this scrubbing solution. Use of an 
ice bath around the scrubber served to decrease loss of 
volatile products. 

Analytical Procedure. For analysis the scrubbing 
system was drained and washed. The drainings and 
washings were combined and made up to 250 ml. with 
water in a volumetric flask. A 100-ml. aliquot portion 
was used for the analysis for benzaldehyde and to this 
was added 50 ml. of a solution of hydroxylamine hydro- 
chloride and 1 ml. of bromphenol blue solution. The 
mixture was shaken and allowed to stand for five 
minutes, after which it was titrated with standardized 
sodium hydroxide. (The hydroxylamine hydrochloride 
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‘solution was prepared by dissolving 34.7 g. of hydrox- 
ylamine hydrochloride in 160 ml. of water and diluting 
to one liter with 95 per cent ethyl alcohol.) 

In order to analyze for benzoic acid, a 100-ml. aliquot 
of the sample was titrated with standard sodium hy- 
droxide to a red end point using phenol red as indicator. 
In the determination of benzaldehyde the volume of 
alkali used is equivalent to the sum of the benzoic acid 
plus the hydrochloric acid liberated by the reaction 
between benzaldehyde and the hydroxylamine hydro- 
chloride. For the determinationof benzoic acid the al- 
kali used is equivalent to only the benzoic acid present. 
Thus, the volume of alkali equivalent to the benzalde- 
hyde present is the difference between the two volumes 
of alkali used in the two titrations. 

The runs which gave the best yields of benzaldehyde 
were further analyzed. The benzaldehyde was iso- 
lated and purified. Toluene, xylene, and benzene were 
also obtained and these compounds made up as much as 
30 per cent of the total products. It was found that 
there was negligible oxidation of benzaldehyde in the 
scrubbing system. Phenolic compounds were not pro- 
duced in detectable quantities. Anthraquinone was 
produced at lower temperatures with rich toluene-air 
mixtures. 


Calculations. 
Grams of air per hour 
Grams of toluene per hour 
Mi. of voids in catalyst 
MI. (air plus toluene vapor) 
time of run in seconds — 





Air/toluene ratio 








Time of contact 


The catalyst voids were measured by placing a glass 
tube !/s inch in diameter inside a glass tube of the same 
internal diameter as the reaction chamber and then 
packing a known volume of catalyst particles into the 
annular space between the two tubes. Water was 
poured in until it was level with the top of the catalyst 
layer. The volume of water used was equal to the 
volume of void in the catalyst mass. 

Catalysts. The cerium molybdate catalyst was pre- 
pared by the following procedure. Forty milliliters of 
aluminum oxide catalyst support (4- to 14-mesh) was 
added to a solution of 12 g. of cerjum nitrate in 25 ml. 
of water. To this mixture, 12 g. of sodium molybdate 
in 25 ml. of water was added with stirring. The mass 
was strained through a Buchner funnel without filter 
paper. The residue was dried on a steam bath for four 
hours. Then it was placed in the reaction chamber 
and heated to 600°C. and a stream of air was passed 
through the chamber for two hours before a run was 
started. Other catalysts were prepared in essentially 
the same way. 

Results. The catalysts used were: (1) uranyl molyb- 
date, (2) aluminum powder, (3) and (3’) cerium molyb- 
date, (4) cerium tungstate, (5) cerium silicate, (6) 
cerium arsenate, (7) lanthanum molybdate, (8) vana- 
dium pentoxide. (All were supported on aluminum 
oxide.) Table I presents optimum conditions and re- 
sults with each catalyst. 
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TABLE 1 
Best Results Obtained with Each Catalyst 





Average catalyst 





Air /toluene Time of temperature, Conversion to Conversion to 

Run Catalyst ratio contact, sec. i OF benzaldehyde, % benzoic acid, % 
29 8 9.7 0.192 625 22.6 5.8 
38 1 10.8 0.196 725 22.1 4.4 
41 Al.O3 3.6 0.179 725 11.2 1.9 
46 2 4.4 0.246 575 3.9 0.5 
56 3 38.4 0.390 630 38.7 6.5 
81 3’ 94.0 0.23 630 50.0 11.0 
91 4 88.0 0.230 575 21.2 Bee 
94 5 62.5 0.550 630 9.5 2.0 
95 6 108.0 0.230 630 4.7 2.4 
97 “4 89.0 0.230 630 12.7 2.0 
103 3’ 95.0 0.150 630 53.8 1.5 
105 3’ 99.0 0.120 630 52.0 0.8 





Conclusions. A conversion of toluene to benzaldehyde 
in excess of 50 per cent was obtained with a cerium 
molybdate catalyst. The best air/toluene ratios for 
the catalysts studied were for the most part on the lean 
side of the explosive range. The greatest conversion 
was. obtained with air/toluene ratios of greater than 
0.9. The optimum time of contact for most of the 


catalysts studied was between 0.10 and 0.20 second. 
The best temperatures for most of the catalysts used 
were between 600°C. and 660°C. Cerium molybdate 
(3, 3’) was superior to all the other catalysts in causing 
the conversion of toluene to benzaldehyde. This 
catalyst was found to decompose at temperatures 
above 800°C. 








To the Editor: 


In the hope of producing some profitable discussion 
I wish to express my opposition to the use of standard- 
ized tests in chemistry courses, to give a few of my 
reasons for this opposition, and to make some con- 
structive suggestions which may be of interest. These 
are my personal opinions after more than twenty years 
of teaching college-level general chemistry, during 
which time I have used these tests as well as other 
types. 

In my estimation these tests do not accomplish the 
principal practical purpose of an examination, namely, 
to determine how much of the material taught to the 
student has been mastered by him and to give him a 
grade on that basis. (I am aware of the fact that 
examinations also serve other purposes.) Such tests 
invariably contain questions covering material not 
taught in the course, for no teacher can adequately 
cover everything in the time usually available. This 
confuses the student, causes him to waste time in trying 
to answer these questions, consequently neglecting 
some that he could have answered. 


It is claimed that the results of these tests can be used 
to measure the ability of a teacher. This is a false 
and unscientific practice, for the ability of the teacher 
is only one factor among the several which influence 
examination results. 

It is claimed that the results of such tests enable 
institutions to determine their standing among others; 
that teachers are enabled to compare their work with 
that of leading educators; that the questions call 
the attention of teachers to new developments in the 
science, thus helping them to keep up to date. There is 
a certain amount of truth in some of these claims but it 
seems to me that these things might be accomplished 
in some more efficient way. 

Might not the efforts and funds now devoted to the 
preparation and distribution of cooperative tests be 
diverted to the establishment of some sort of channel 
for the organized exchange of ideas among teachers of 
chemistry? 

A “clearing house” controlled by a national commit- 
tee, assisted by local committees and operated. by 
some full-time personnel, might be established. By 
means of questionnaires, this ‘clearing house” could 
assemble the opinions of large numbers of teachers on 
such subjects as the content of chemistry courses given 
for various purposes, sequence of topics, emphasis and 
amount of time to be spent on various topics, etc. The 


responses to these questionnaires could be coordinated 
and studied, the results published, and recommenda- 
tions made on the basis of consensus of opinion. In the 
same manner, the opinions of research men and teachers 
on new theories and developments could be obtained 
and recommendations made as to the advisability of 
including these in certain courses. 
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Such an organization would provide a place where 
teachers could send suggestions and ideas not significant 
enough for separate publication. Collections of these 
could be published from time to time with credit being 
given to their authors. In the same manner, examina- 
tion questions thought by their authors to be original 
and significant enough to be of use to other teachers 
might be collected and published. 

It might be possible to enlist the services of the 
JOURNAL OF CHEMICAL EpucaTION to serve as the 
medium for the publication of such material. 

This is only the germ of an idea which I believe could 
be expanded into a cooperative system which would be 
of inestimable value to the teaching profession as well 
as to students of chemistry. 


Frep Y. HERRON 


UNIVERSITY oF PirrsBURGH 
PiTTsBURGH, PENNSYLVANIA 


To the Editor: 

Professor Victor K. La Mer, of Columbia University, 
has been kind enough to point out an omission from 
my recent paper, “The Debye-Hiickel theory and its 
application in the teaching of quantitative analysis,” 
(Tus JouRNAL, 26, 280 (1949)). I failed to give 
deserved credit to the work of J. N. Bronsted, in the 
development of the interionic attraction theory. It 
was Bronsted (J. Am. Chem. Soc., 44, 938 (1922)) who 
first plotted the solubility of slightly soluble salts 
against the square root of the concentrations of various 
salts. Bronsted and La Mer (J. Am. Chem. Soc., 
46, 555 (1924)) discuss the work of Debye and Hiickel 
and plot log f against Vu and log S against Vu. 
Bronsted (see Goldman and La Mer, J. Am. Chem. 
Soc., 51, 2632 (1929)) also pointed out that the Debye- 
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Hiickel limiting equation holds very well for lower 
valence types up to about 0.2 u but is not adequate 
where high valence ions of opposite sign are involved 
and is not valid for nonaqueous solutions. 


BARNET NAIMAN 


Tue City CoLLeGE 
New York City 


To the Editor: 

I have read with much interest the article on “A 
simple ketene generator” in the recent June issue. 

I would strongly recommend that a note of caution 
be passed on to any who might be inclined to make 
ketene. Wooster, Lushbaugh, and Redemann, of the 
University of Chicago Toxicity Laboratory and Depart- 
ment of Pathology, Chicago, Illinois, writing in the Jour- 
nal of Industrial Hygiene and Toxicology, 29,56 (January, 
1947), review the inhalation toxicity of ketene and of 
ketene dimer. This article should be required reading, 
in my opinion, before anyone uses ketene. Briefly, 
they show ketene to be at least as toxic as phosgene, 
and comparable in action. Ketene acts locally on the 
upper respiratory tract causing deaths from pulmon- 
ary edema and the consequent anoxia in the same 
manner as phosgene. Exposure to concentrations as 
low as 0.2 mg./l. (116 p. p. m.) for ten minutes have 
been fatal to laboratory animals. 

I suggest this reference be given at least as wide pub- 
licity as the excellent article on the generator by Drs. 
Wang and Schueler. Ketene should be used with 
extreme caution! 


Howarp H. Fawcerr 


GENERAL ELEcTRIC COMPANY 
ScHENEcTADY, NEw YoRK 


Keceut- Boole 


2 TRACE ELEMENTS IN FOOD 


G. W. Monier-Williams, formerly Inspector of Foods, Local 
Government Board, and Chemist in Charge of Food Research 
Laboratory, Ministry of Health. John Wiley & Sons, Inc., New 
York, 1949. viii+ 51l pp. 14 X 2lcm. $6. 


In THE biological sense, the term “‘trace element” is applied to 
those elements which play some réle in the nutrition of plants 
and/or animals when present in extremely small amounts. The 
term is also applied by the food chemist to the larger number of 
elements which have a toxicological interest when present in food. 
For most trace elements there is a wide range between those quan- 
tities that are innocuous or even essential to health, and those that 
show signs of being injurious. It is not easy to set these limits but 
the author has included among trace elements ‘“‘those which may 
be present in the human body, and in most foods, in amounts up 
to 0.005 per cent.’’ Thus iron is brought into the ‘discussion, 
though it is not usually regarded as a trace element in the body 
but is certainly so in food. 





“Trace elements may be roughly grouped according to whether 
they are essential or nonessential to life, toxic or nontoxic in 
moderate excess, universally distributed or of casual occurrence. 
Of the twenty or so which occur commonly in foods about five or 
six only are known to be necessary to human or animal life (cop- 
per, zinc, iron, manganese, iodine, and to a limited extent cobalt). 
Three more (boron, molybdenum, and silicon) are apparently es- 
sential only to plant life. Of the others a few occur spasmodically 
in plants (e. g., selenium), while a good many (lead, tin, arsenic, 
antimony, cadmium, nickel, etc.) gain access to food from indus- 
trial processes. Some of them are highly toxic, others are rela- 
tively harmless. Elements closely related chemically do not nec- 
essarily show any resemblance in their biological behavior, tox- 
icity, or effects on food, and each of them must be considered sepa- 
rately according to its particular characteristics.” 

The author has arranged the elements “partly upon their rela- 
tive significance as constituents of food and partly on their chemi- 
ca] relationships.”” There are twenty-eight chapters, each of the 
first twenty-six being devoted to a single element and in the fol- 
owing order: Cu, Pb, Zn, Sn, As, Sb, Se, Fe, Ni, Co. Mn, I, Br, 
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F, B, Si, Al, Ag, Cd, Cr, Bi, Hg, Mo, V, Ti, and In. Chapter 27 
(3 pages) is devoted to Ba and Sr; Chapter 28 (6 pages) includes 
Li, Rb, Cs, Be, Zr, Ce, Ge, Rare Earths, W, Th, and U in the or- 
der named. Extensive references to the original literature on 
the respective elements are listed at the end of each chapter. 

Each chapter contains sections on the quantitative methods of 
analysis for the element under discussion. These are intended to 
serve as general outlines rather than detailed laboratory guides, 
emphasis being placed on those suitable for general work rather 
than on specialized methods employed in routine control. When 
available, several alternative methods for each element are re- 
viewed and compared. In addition to the sections on analytical 
methods, the author covers many other aspects of the field of 
trace elements. These include (1) “the biochemistry, nutritional 
significance, and toxicology of trace elements,” (2) ‘a discussion 
of how far the presence of each trace element in food is due to its 
being an essential or occasional constituent of plants, or to the 
use of its compound in agricultural practice,’ and (3) ‘an exami- 
nation of the many ways a trace element may gain access to food 
from manufacturing processes or commercial usage.’’ The book 
is well indexed; the printing and binding are good. 

The author is to be thanked and congratulated for making 
available such a useful book on the subject of trace elements in 
food. He has had a wide experience in this important field. Our 
knowledge of the réle of trace elements in plants and animals is 
far from complete, but their significance is being recognized more 
and more, “Trace Elements in Food’ deals with an item of 
prime importance to all living matter—food. 


JOHN H. YOE 
UNIVERSITY OF VIRGINIA 
CHARLOTTESVILLE, VIRGINIA 


& THE CHEMISTRY AND TECHNOLOGY OF ENZYMES 


Henry Tauber, U. S. Public Health Service. John Wiley & 
Sons, Inc., New York, 1949. viii +550pp. 56figs. 63 tables. 
16 X 23.5cm. $7.50 


Tue author states in his preface that the book under discussion 
“contains an up-to-date review of enzyme chemistry; methods 
concerning the industrial production of enzymes from all known 
sources and their uses; the production of all the industrially im- 
portant organic compounds by fermentation; and microbiological 
procedures for the quantitative determination of vitamins and 
amino acids.”’ 

From the above statement the reader might expect the first 
part of the book, subtitled ‘“The chemistry of enzymes,’ to con- 
tain a reasonable and critical account of enzyme chemistry. 
Actually what is found is a melange of factual information, 
speculation, and recipes for the isolation and evaluation of 
numerous enzyme preparations. If this book is to be judged to be 
up to date on the basis of the number of recent publications cited 
then the author has succeeded. However, if it is to be judged on 
the basis of method and spirit of treatment the reviewer would 
assign it to a period preceding Haldane’s excellent monograph! 
which appeared in 1930. 

The first part of this book would be greatly improved if a large 
amount of descriptive material of questionable validity were de- 
leted and the space used for a rigorous analytical treatment of 
chemical equilibria and kinetics as applied to enzyme systems. 
The reviewer sees little value in the detailed directions given for 
the isolation and evaluation of a large number of enzyme prepara- 
tions since all too frequently the tyro is thus encouraged to per- 
petuate errors which would have been disclosed if he had been 
forced to think rather than allowed to mimic. 

The second part of the book, subtitled “The technology of 
Enzymes,”’ contains the elements of a descriptive account of 
applied enzyme chemistry but, as in the first part, the continuity 





1 Haupang, J. B. S., “Enzymes,” Longmans, Green and Co., 
London, 1930. 
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of the text is frequently broken by detailed directions that properly 
belong in a technician’s or artisan’s handbook. 

The experienced investigator familiar with enzyme chemistry 
will take advantage of the bibliographic features of this book; 
the technician who simply wants a procedure will probably find it; 
but the student who hopes to learn something about enzyme 
chemistry will either be misled or disillusioned. 


CARL NIEMANN 
CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 


© OCCUPATIONAL OUTLOOK HANDBOOK 


U. S. Dept. of Labor, Bureau of Labor Statistics, in cooperation 
with the Veterans Administration. Superintendent of Docu- 
ments, U. S. Government Printing Office, Washington, D. C., 
1948. xi+ 453 pp. 47 charts. 20 X 26cm.- $1.75. 


Tuts paper-bound Handbook is designed for use in schools, 
colleges, Veterans Administration regional offices, and in similar 
groups engaged in the vocational guidance of young people and 
workers. The introduction gives a summary of the trends in 
population, in labor forces, and in industries, and points out 
how these may affect employment. Realizing the fluid nature 
of occupational data and that many such books are obsolete 
before they appear in print, the long term trends are emphasized 
and information for the interpretation of these trends is given. 


It describes 288 specific occupations. For each occupation . 


it gives: the outlook; the nature of the work; where employed; 
earnings; and in most cases a source of further information. 
An immense amount of work has been done in compiling this 
report which is well organized and seemingly well authenticated. 
The authors have performed admirably the task they set for 
themselves. This handbook will be found to be very useful to 
those who are engaged in vocational guidance and to those who 
are seeking guidance. 


ROY I. GRADY 
THE COLLEGE OF WoosTER 
Wooster, OxI0 


& ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY. 
VOLUME III: CARBON (CONTD.) TO CINCHOPEN 


Edited by Raymond E. Kirk and Donald F. Othmer, Professors 
and Heads, Departments of Chemistry and Chemical Engineering, 
respectively, at the Polytechnic Institute of Brooklyn. Assistant 
Editors, Janet D. Scott and Anthony Standen. The Inter- 
science Encyclopedia, Inc., New York, 1949. xvi + 955 pp. 
19 X 27cm. $20. 


OnE never realized that the letter ““C’’ encompassed so much 
chemical technology until Volume III of E. C. T. is scanned. 
A quarter of Volume II is devoted to ‘“C” subjects and Volume 
III carries them only to cinchopen. It appears that another 
volume may be required to complete the “C’s.” However, one 
should have no worry about the size of the set of E. C. T. being 
increased from ten volumes. The greater the amount of subject 
material available at their high quality level the better off is the 
chemical profession. 

Some of the high lights in Volume III are the following subjects: 
carbon in various forms, carbonated beverages, carbon dioxide, 
carbon disulfide, carbonatization, carbon tetrachloride, cardio- 
vascular agents, casein, castor oil, catalysis, cathartics, cellophane 
cells—electric, cellulose and its derivative, cement and its prod- 
ucts, centrifugal separation, ceramics, cereals, cerium, chlor- 
amines, chlorine and its inorganic and organic compounds, chloro- 
phyll, chocolate and cocoa, chromatography, and chromium. 
Especially noteworthy is the section of 164 pages devoted to 
chlorine and its inorganic and organic compounds. To this 
could be added the sections on chloroform, carbon tetrachloride, 
and chlorohydrins that are directly related to the organic chlorine 
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compounds. Here is an entire monograph on this subject. 
Under carbonization, one finds the Disco low-temperature 
carbonization process described completely—a fine introduction 
to the new $3,000,000 plant described in the June issue of Chemical 
Engineering. Everything is up-to-the-minute and authoritative. 

The reviewer can only reiterate his previous recommendation 
to the smaller colleges to subscribe to the set of E.C.T. Where 
journal files are not extensive the E. C. T. gathers much material 
into a volume where it can be used easily. 


KENNETH A. KOBE 
UNIVERSITY OF TEXAS 
AvustTIN, Tpxas 


Ce) INTRODUCTION TO CHEMICAL THERMODYNAMICS 


Luke E. Steiner, Professor of Chemistry, Oberlin College. 
McGraw-Hill Book Company, Inc., New York City, 1948. xiv + 
510 pp. 42 figs., 58 tables. 16 X 23.5cm. $6. 


CERTAIN parts of the first edition (1941) of this text have been 
rewritten and reorganized; also some new topics have been 
added. The development of the second law, previously given in 
two chapters, has been more effectively integrated in one chapter. 
A new chapter on statistical methods of calculating thermo- 
dynamic functions from spectroscopic data is included in which 
the treatment is considered sufficiently complete ‘‘to enable the 
student to use the published tables of values for the thermo- 
dynamic functions.”’ The properties of real gases are more ade- 
quately treated. Tables of data have been revised and some new 
ones added. The self-consistent constants and conversion factors 
published recently by the National Bureau of Standards have 
been adopted and used throughout. Equations, figures, and 
tables are numbered by chapter and the chapter number is given 
at the top of each page. 

Most of the topics considered important in an introductory 
course in chemical thermodynamics are included. Certain omis- 
sions are noteworthy. Osmotic pressure and its thermodynamic 
significance are not mentioned. The value of the fugacity con- 
cept is inadequately developed. Its usefulness in the derivation 
of various equations applicable to two-phase equilibria in sys- 
tems of two components, especially those involving a liquid solu- 
tion as one of the phases, is not shown. These derivations are 
not only of value in themselves but also on account of the fact 
that, with certain approximations, several of the resulting equa- 
tions revert to those with which the student has become familiar 
in physical chemistry. Some may be disappointed to find that a 
discussion of the meaning and use of the osmotic coefficient has 
not been included. 

Most of the mathematical derivations are clearly shown; in 
fact, in many cases, in a more detailed way than many would 
consider necessary or desirable for the good of the student. 
Practically all the problems in the first edition have been trans- 
planted. A few new ones are presented, especially on the new 
topics introduced in this edition. Unfortunately, too many of 
the problems are of the formula-substitution type and will there- 
fore fail to fulfill their most important function, that is, to effec- 
tively develop the student’s critical faculties and his genuine 
understanding of the subject. 

The reviewer is somewhat puzzled by certain statements and 
deductions made by the author. On p. 141, this statement is 
found regarding the heat-engine: ‘In accordance with the first 
law, the total energy discharged by the engine at a lower tempera- 
ture equals the total energy absorbed at the higher temperature. 
But, the first law does not tell us what fraction of the energy dis- 
charged at the lower temperature may be in the form of useful 
work,” In the section on entropy, p. 156, we find: ‘ ‘Let us con- 
sider the first law equation in differential form, dE = Dy — Dy, 
in which Dy and Dy, unlike d#, are not properties of a system but 
depend on the path along which the change in F occurs.”” Further 
on, below Eq. 7.8, “‘and dE is a property of the system.” At the 
bottom of p. 161, it is stated: ‘‘In irreversible spontaneous proc- 
esses we found that less than the reversible work is done and 
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that less than the reversible heat is absorbed.” This cannot 
mean that, if a system undergoes a specified change in state by 
two different processes, one a limiting reversible process and the 
other an actual irreversible process, the limiting work produced 
in the reversible process is necessarily greater than the work 
produced in the actual process. The statement on p. 218, ‘“The 
difference, AH — T AS, is zero at equilibrium, . . ., ” needs clari- 
fication. It is difficult to see how a student can correlate a AH 
and a AS with a system at equilibrium. Also on this page, as on 
pp. 218, 255, and 429, is found the confusing term “‘equilibrium 
process.”” The statement regarding partial molar quantities in 
the second paragraph on p. 377, “Under these circumstances 
(referring to imperfect solutions) the partial molal free energies 
and other partial molal quantities in the solution are not identical 
with the corresponding molar values for the pure substances at 
the same temperature, pressure, and concentration,” is mislead- 
ing and incorrect. In the ‘‘generalized treatment of partial molal 
quantities” on p. 381, Eq. 18.12 is preceded by the statement, 
‘For a change in G at constant temperature, pressure, and com- 


position we may, therefore, write dG = og dm + of dn, + an 
om One ons 


dn; ....” Constant composition is not a restriction and if it 
were this equation could not be used, as it is, with Eq. 18.15 to 
obtain Eq. 18.16. On this same page the use of the water-ice 
system to obtain Eq. 18.14 can not be condoned. A baffling 
statement regarding the molality of water is found on p. 480, 
below Eq. 21.120: ‘‘By convention the molality of water in 1000 
grams of water is assigned a value of unity.” 

Only two mathematical errors have been noted: (1) In Eq. 
21.71, p. 468, the value of the constant should be raised to the 
power, '/y. (2) In Eq. 7.15, p. 158, — q:/T should not have a 
negative sign since q, is defined as the heat absorbed. 

All the good features of the first edition have been retained in 
this edition. Titles of chapters and tables are clearly informative. 
The table of contents and the index are quite adequate. A con- 
siderable number of references to the literature are given. All 
symbols are conveniently tabulated. Illustrations and graphs 
are clearly drawn. The book is well constructed with large clear 
type. 

J. B. RAMSEY 

UNIVERSITY OF CALIFORNIA 

Los ANGELES, CALIFORNIA 


@ SILICONES AND OTHER ORGANIC SILICON 
COMPOUNDS 


Howard W. Post, Department of Chemistry, University of Buffalo, 
Buffalo, New York. Reinhold Publishing Corp., New York, 1949. 
vi + 230 pp. 18tables. 15.5 X 23.5cm. $5. 


Tuts book will be of very great help to every worker in the 
organosilicon field because of the painstaking way in which 
Dr. Post has summarized the literature thtough 1948. 

Chapter I, entitled “Introduction,” gives the pattern of the 
book and defines ‘organic compounds of silicon” which comprise 
the subject matter of the book as including ‘‘those compounds 
of silicon which contain carbon of such a character as definitely 
to impart organic properties to the molecule.” 

Chapter IT, on “Halogenated silanes,’”’ deals with the prepara- 
tion and some reactions of the halosilanes. These are the most 
common starting materials for organosilicon synthesis. 

Chapter III, “‘The work of Frederick S. Kipping and others,” 
describes in commendabie detail the pioneering researches of 
Kipping who is largely responsible for laying the fundamental 
groundwork of organosilicon chemistry. 

Chapters IV and V deal with the preparations, properties, and 
reactions of organosilicon compounds prepared at moderate 
temperatures in the liquid phase by means of organometallic 
compounds such as Grignard reagents and organolithium com- 
pounds. Good coverage of the patent literature is provided in 
Chapter V. 

Chapter VI, entitled ‘Organic compounds of silicon prepared 
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at higher temperatures,’’ is mainly concerned with the preparation 
of organosilicon compounds by the Rochow process which com- 
prises treatment of an organic halide with an alloy of silicon at 
275-375 °C. 

Chapter VII covers the current literature on the uses of the 
organopolysiloxanes (silicones) as waterproofing agents, insula- 
tion coating compositions, high- and low-temperature elastomers, 
heat-stable resins, etc. 

Chapter VIII, entitled ‘Silico organic compounds analogous 
to ethers and amines,” is an extension of Dr. Post’s previous 
book entitled ‘‘Chemistry of Aliphatic Orthoesters,’’ Reinhold 
Publishing Corp., New York, 1943. 

Chapters IX and X deal with nomenclature and physical 
properties, respectively. The former deals with what is still 
a very “live” subject. The latter is a most excellent and useful 
compilation. 

While it is perhaps unreasonable to expect that a book on the 
rapidly expanding field of organosilicon chemistry can be written 
in such a way as to satisfy the needs of all types of readers, it 
should be pointed out that this book is not very suitable for the 
nonspecialist in organosilicon chemistry. The purely chrono- 
logical treatment of the subject matter in most of the chapters, 
failure to properly emphasize the more important data, and the 
lack of critical evaluation, especially of the older work, have 
made the book essentially a series of abstracts of literature 
articles, which will be welcomed by the specialist, but which is 
hardly suitable fare for the nonspecialist. 


L. H. SOMMER 
PENNSYLVANIA STATE COLLEGE 
State Co.tieGce, PENNSYLVANIA 


% MANUAL OF CLINICAL LABORATORY METHODS 


Opal E. Hepler, Associate Professor of Pathology, Northwestern 
University Medical school. Fourth edition. Charles C Thomas, 
Springfield, Ill., 1949. xv + 387 pp. 36 figs. 86 tables. 8 
colored plates. 27 X 20cm. $8.50. 


As THE title indicates, this volume consists of a compilation of 
methods for carrying out the wide variety of procedures that 
may be referred to the clinical laboratory. The procedures 
are grouped in the several fields of clinical laboratory work under 
the appropriate headings: urinalysis, hematology, bacteriolcgy, 
mycology, serology, and clinical chemistry. Separate sections 
are devoted to such diverse subjects as liver function tests, feces, 
sputum, pregnancy tests, blood groups, electrocardiography, and 
basal metabolism. Specific directions are given for the prepara- 
tion of solutions used in routine tests, tissue sectioning, and the 
preparation of allergy extracts. 

Directions for carrying out the tests are set forth in detail. 
Every step in each procedure is described in a separate paragraph 
and the paragraphs are numbered. Such a presentation em- 
phasizes the exact manner in which the tests are to be done. 
Line drawings, illustrations, and figures supplement the written 
directions when visual aids are helpful. The method for cal- 
culating results of quantitative measurements are given for each 
quantitative method. 

The explicit, step-by-step directions should appeal to laboratory 
technicians and student workers. Indeed, it is,this group that 
probably will make the most use of this book. As the author 
states, it is not a textbook of clinical pathology. Discussion 
of the interpretation and significance of the tests is limited to 
brief statements. It does seem unfortunate that all references 
to the original literature are omitted even where the name of the 
author of a particular method is given. 

The selection of the methods presented in this book presumably 
is an expression of the author’s choice. In the section on clinical 
chemistry, which is the only section this reviewer will comment 
on, the methods, in general, are standard procedures. Some of 


the newer methods that are gaining favor are not to be found. 
For example, the Schales and Schales chloride method, which is 
the method of choice in many laboratories, is not included. No 
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directions are given for the determination of plasma pH with the 
aid of the glass electrode and no reference is made to the deter- 
mination of sodium and potassium with the flame photometer. 

Clinical laboratory procedure covers such a broad field that 
it would be desirable that a clinical chemist be asked to write the 
parts involving chemistry. In so doing a more critical evaluation 
of methods and the avoidance of misstatements might result. A 
physiological chemist will be unhappy on reading the statement on 
page 28 that “...the kidneys are capable of performing an 
emergency function by transforming urea into ammonia...,” 
or the statements on pages 87 and 121 that the liver converts 
vitamin K into prothrombin. 


F. A. CAJORI 
University or CoLtoravo Scoot or MsEpicine 
Denver, CoLoraDo 


e RECENT ADVANCES IN ORGANIC CHEMISTRY, VOL. 
III 


Alfred W. Stewart, Late Professor of Chemistry in the Queen’s 
University of Belfast, and Hugh Graham, Reader in Organic 
Chemistry in the Queen's University of Belfast. Seventh edition, 
Longmans, Green and Company, London, 1948. xi + 387 pp. 
14.5 X 22cm. About $7. 


AN ORGANIC chemist is entitled to open an expensive newly 


published book bearing the title “Recent Advances in Organic - 


Chemistry”’ with rather high expectations. Especially is this true 
when the jacket claims that the ‘‘volume has been revised 
throughout and expanded wherever necessary to include all the 
recent work on the subject.” It is therefore with profound regret 
that, in the present instance, he finds that the timeliness of the 
subject matter bears little resemblance to the usual implications 
of the adjective “‘recent,”’ and that the title and jacket claims are 
seriously misleading. 

This book is a series of seventeen chapters dealing with different 
topics in organic chemistry. The earlier chapters deal with 
natural products or substances related to them. Chapter I deals 
with bile acids and sterols, Chapters II and III with vitamins and 
hormones, Chapter IV with cardiac aglycones, Chapters V and 
VI with natural porphyrins and azaporphyrins. These chapters 
treat the structures considered from the viewpoint of degrada- 
tion, synthesis, and their interrelationships. They represent the 
acceptable portion of the book. The material is compactly 
written, logically and clearly presented, and illustrated with 
many illuminating diagrams, flow sheets, and equations. There 
is, however, a minimum of material on the physiological action 
of these compounds, and nothing on the industrial preparation or 
importance of the compounds in these classes to which such con- 
siderations might apply. In all, these chapters present an ade- 
quate account of the work done in these fields in the 1920’s and 
1930’s. Only in the case of the vitamins has the material been 
brought to 1947 by means of two appendixes on folic acid and 
recent synthetic work in the vitamin A field. In the first six 
chapters almost three-fourths of the references are to work in the 
1930's, and less than ten per cent of the references are later than 
1940. One finds most of the topics considered in the first six 
chapters treated more fully and more recently elsewhere. 

The remaining chapters of the book deal, respectively, with 
Synthetic High Polymers and Condensates, Rubber, Deutero- 
organic Compounds, Isomerism in Cycloalkanes, Diphenyls, 
Stereochemistry, Organo-alkali Compounds, Cases of Abnormal 
Valency, Failings of Structural Formulas, Applications of Elec- 
tronics to Organic Problems, and Unsolved Problems. 

The most charitable thing that one can say about these chap- 
ters is that some of them, on a descriptive level, are of limited 
historical interest. An idea of the datedness of material can be 
obtained from the fact that in these chapters forty-one per cent of 
the references precede 1920, sixty-nine per cent precede 1930, 
and only two per cent are later than 1940. Since notable ad- 
vances in many of these fields have been made in the last ten 
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years, one can only gasp at the temerity of the authors in their 
use of the term ‘‘recent.” 

The complete inadequacy of this section is most apparent in 
the last five chapters. They give an almost complete misunder- 
standing of current conceptions in their fields. To attempt a cor- 
rection of these misunderstandings would require a book in itself, 
and only a random selection of a few of the inadequacies need be 
made to illustrate the point. The authors suggest (p. 310) that 
at sometime in the future we shall probably learn to incorporate 
the concept of free radicals into our thinking and not trouble our- 
selves about their incomplete valence shells. On p. 312 we learn 
that ‘‘our structural formulae are becoming less and less able to 
cope with the strain which modern research is placing upon them.” 
In the chapter on electronic theory one looks in vain for such 
terms as resonance, hyperconjugation, carbonium ions, electro- 
negativity, directive influence, hydrogen-bonding, solvation, or 
any of the rest of our current conceptual paraphernalia. Ironi- 
cally, enough, the concepts of the modern English school are not 
even mentioned. Instead one gets a dose of freshman octet 
theory, obsolete electrotropy and alternating polarity in its 
most primitive form. The authors actually propose (p. 352) the 
octahedral benzene space-formula of Collie (1897) as ‘‘the most 
plausible solution” to the problem of aromatic character, though 
they broad-mindedly admit that ‘‘even it leaves room for further 
thought on the subject.” With the exception of several more 
recent textbooks which the authors give no evidence of having 
opened, the chapter on electronic theory contains no reference 
later than 1926. Needless to say, most of the authors’ ‘‘unsolved 
problems” in the final chapter have long since received acceptable 
explanations. 

The present volume is Number III of a series in which Volume 
II was published in 1931. Comparing the two volumes one finds 
that eight of the chapters in the present volume are also to be 
found in Volume II. It is particularly annoying to discover that 
these chapters, with the exception of a negligible number of out- 
of-date additions to a few of them, duplicate the corresponding 
chapters in the earlier volume word for word. This makes the 
glowing claim on the dust jacket a particularly obnoxious falsifi- 
cation. 

The book has the virtue of being relatively free of typographical 
errors, and its format is not unpleasant. The binding is rather 
below the average quality encountered in books published in this 
country. 

Libraries may be interested in this book in order to complete 
their series of this title, but there is little to recommend its pur- 
chase by the individual chemist. 


WILLIAM A. BONNER 


STanrorD UNIVERSITY 
STANFORD, CALIFORNIA 


@ THE ELECTRONIC THEORY OF ORGANIC CHEM- 
ISTRY 


M. J. S. Dewar, Oxford University Press, New York, and Amen 
House, London, 1949. x + 324 pp. 7 figs., 38 tables. 16 X 
24.5cm. $7.50. 


Tuts work, which might have been more precisely entitled, 
‘An Electronic Theory of Organic Chemistry,’’ is in effect a 
series of fifteen more or less interrelated essays setting forth the 
basic principles of the English method of attack, and discussing 
their application to the elucidation of the principal types of 
organic reactions. Necessarily, therefore, it employs a vocabu- 
lary and a notation that appear artificial, and often unnecessarily 
cumbersome, to the average American organic chemist. Those 
not already thoroughly familiar with the English school of 
thought will experience the sensation of reading an unfamiliar 
language which must be translated before the ideas expounded 
can be assimilated and evaluated. 

ithough the text is not always scrupulous in acknowledging 
the fact, many of the theories outlined remain more or less con- 
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troversial. In criticizing the author’s views, therefore, the re- 
viewer may reveal nothing more than his own personal prejudices. 

One of the primary articles of faith, for which the American, 
rather than the English, school must take the discredit, but which, 
unfortunately, Dewar adopts, is that of the constancy of bond 
potential energies. The AH} values for formation in the gaseous 
state of the first five normal paraffins and their branched-chain 
isomers provide incontrovertible proof that bond potential en- 
ergies are not constant. Even the “‘double talk’ (in so far as 
organic chemists are concerned) ‘‘second-order hyperconjuga- 
tion’ offers no help in this connection (Wheland and Pinkston 
(1944)). If further proof were needed, the force constants calcu- 
lable from spectroscopic data unmistakably indicate that methane, 
primary, secondary, and tertiary carbon-to-hydrogen bonds must 
differ from each other in potential energy by successive steps of 
3-5 keal. per mole. 

A somewhat similar regrettable assumption mars some of the 
attempts to relate the structural features of molecules to their 
reactivities as evidenced by reaction rates. In the author’s own 
words (but with the reviewer’s italics), ‘‘It is possible to calculate 
the entropies of a few simple molecules and also the entropies of 
a few simple transition complexes (assuming in the latter case a 
plausible configuration for the complex); but the entropy of mole- 
cules cannot as a rule be theoretically predicted. Hence, we are 
forced to assume that differences in entropy of activation play a 
negligible part in determining reaction rates—7. e., that rates 
differ only because the activation energies differ.’ In the re- 
viewer’s opinion only a fixation of some sort could “‘force’”’ one 
to assume that which he knows to be untrue. Part of the “‘suc- 
cess” which the author claims as justifying theories based on such 
insecure ground is achieved by juggling ‘‘secondary effects’’ to 
make ‘‘predictions’’ fit observed facts. 

The treatment of acid strengths suggests no reason why non- 
rigid molecules should not be compared with each other or with 
rigid molecules. The contributions of Kirkwood and Westheimer 
(1938, 1939) to this subject appear to have been totally ignored. 

Some of the discussions of reaction mechanisms (in particular 
those of the hydrolytic reactions) are well reasoned and well pre- 
sented. In others the author displays what appears to the re- 
viewer a totally unreasonable predilection for negative hydrogen 
ion transfers. 

Although the notion of alternating polarities of carbon atoms 
in carbon chains has been rather generally discredited, and al- 
though Sir Robert Robinson, in the foreword, refers somewhat 
apologetically to this early folly, the author makes frequent use 
of it. 

Neither is the reviewer impressed by the too frequent use of + 
complex intermediates in the interpretation of many chemical 
reactions. It merely involves the restatement of some old idea 
into a new specialized language (a rearrangement of prejudices). 
The author tries to make one believe, however, that this concept 
is the ‘‘open sesame”’ to understanding of most organic reactions. 
The ‘‘acid test’”’ of a new idea, however, is its predictive aspect. 
Thus far, the idea of x complex intermediates has been singularly 
barren in uncovering new facts. 

In his preface the author warns that “‘little space has been 
given to historical development or questions of priority.’’ This, 
however, scarcely justifies misattribution of ideas. In discussing 
the ‘‘abnormal”’ addition of hydrogen bromide to unsymmetrical 
olefins, Dewar says (p. 144), ‘“This phenomenon, which has been 
called the peroxide effect, was first established by Urushibaba 
[sic] and Robinson for the addition of hydrogen bromide to un- 
decylenic acid.”” The accompanying reference directs the reader 
to a portion of a discussion which took place at the March 2, 
1933, meeting of the Chemical Society. The complete text 
follows: 

“Prof. R. Robinson communicated the following: 

“Dr. Urushibaba [sic] working in collaboration with Prof. 
Barger and myself, has observed that the direction of addition 
of hydrogen bromide to undecenoic acid in toluene solution is 
influenced by the presence or absence of traces of water. When 
perfectly dry materials are used the product contains much 10- 
bromo-undecoic acid, but in the presence of a trace of water 
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practically pure 11-bromo-undecoic acid is obtained (Walker and 
Lumsden). With more water 10-bromo-undecoic acid is again 
produced. It is extremely difficult to find a satisfactory explana- 
tion of these phenomena.” 

Within reasonable space limitations, already strained, it is im- 
possible to criticize in detail (despite a strong desire to do so) 
treatments of specific topics. Be it said in passing that a paper 
now in press, of which the reviewer is a co-author, will serve as 
sufficient criticism of the passage on the mechanism of the Canniz- 
zaro reaction. 

In the reviewer’s opinion the book would have been improved 
by more consistent documentation of numerical data (cited and 
tabulated), and by more thorough indexing. 

There are a few evidences of careless compilation. On p. 33, 
for example, the ‘‘observed’’ heat of formation of ethylamine is 
derived from the experimental heat of combustion as 856.3 keal. 
The “calculated” heat of formation (by' summation of ‘‘bond 
energies’) is shown to be 855.4 kcal. In Table 4, on the same 
page, both the “‘observed”’ and “calculated” values are given as 
870 kcal. There are also a few rather obvious slips of the pen. 
For example, on p. 119 one reads that ‘‘at neutrality, hydrolysis 
of optically active 6-malolactone gives inverted maleic acid.” 
At the top of p. 33 one encounters a section heading, ‘‘Hydrolysis 
of sulfuric esters”; the ensuing section deals with sulfonic esters. 

The book is recommended to mature and experienced organic 
chemists as thought-provoking, and possibly informative. It is 
not recommended to students, despite the pious hope expressed 
in Sir Robert Robinson’s foreword that it may serve to lead them 
out of the wilderness of “‘memory work.’’ Under the circum- 
stances it is hard to decide which is the lesser evil. 


M. 8. KHARASCH 


University oF CHICAGO 
Cuarcago, ILLINOIS 


@ HIGH MOLECULAR WEIGHT ORGANIC COM- 
POUNDS 


R. E. Burk, Plastics Department, E. I. du Pont de Nemours & Co., 
and Oliver Grummitt, Morley Chemical Laboratory, Western 
Reserve University, Editors. Interscience Publishers, Inc., New 
York, 1949. vii +330 pp. 88 figs.,44tables. 15 X 22.5 cm. 
$5.50. 


Turis is Vol. VI of the Frontiers in Chemistry series and com- 
prises six lectures delivered at Western Reserve University in 
1944. Four of the six lectures (chapters) have been revised by 
adding pertinent material and references available since that 
date. The titles included in this volume are: I. Polymerization 
in Suspension and Emulsion, by W. P. Hohenstein and H. Mark; 
II. Osmometry and Viscosity of Polymer Solutions, by W. J. 
Badgley and H. Mark; III. The Nature of Elastomers, by H. L. 
Fisher; IV. Aspects of the Structure and Reactions of Proteins, 
by J. T. Edsall; V. Condensation Polymerization and Constitu- 
tion of Condensation Polymers, by P. J. Flory; VI. Physical 
and Chemical Structures of Phenoplasts, by T. 8S. Carswell. 

As in any volume which is a collection of articles by different 
authors, there is here no continuity or uniformity of treatment. 
nor is there any attempt to provide an integrated discussion of the 
general subject. § The title of the book is sufficiently broad to 
comprehend these and many other possible chapters. However, 
it is evident that each contributor to this volume is a very compe- 
tent authority who has carefully prepared and presented his 
special topic. 

This collection can be favorably recommended to students 
seeking review articles on the topics listed. These chapters would 
provide excellent supplementary reading assignments for ad- 
vanced courses in colloid chemistry, plastics; or related subjects. 


HARVEY A. NEVILLE 


Lexico UNIVERSITY 
BETHLEHEM, PENNSYLVANIA 
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& PATENT LAW 


C. H. Biesterfeld, Patent Department, E. I. du Pont de Nemours 
& Co., Inc., Wilmington, Delaware. John Wiley & Sons, Inc., 
New York, 1949. Second edition. viii + 267 pp. 14.5 K 22 cm. 
$4. 


THE many revisions and new material introduced to bring 
the first edition up to date has resulted in an additional 40 pages. 
The book develops the fundamental features of patent law and 
then expands each one by giving examples and citations. 

The two chapters on claims, although quite brief, set forth in 
rather clear fashion this difficult but critical part of the patent. 
In view of the patents that have and will develop from research 
that has been sponsored by taxpayers’ money, the treatment of 
ownership and shop rights is timely. The chapter on ‘Trade 
secrets” sets forth the law relating to limitations of protection in 
such practices. 

Some of the other topics covered are: novelty, priority, orig- 
inality, abandonment, unpatentability of uses and products of 
nature, interferences, infringement, and licenses. 

The cases that are cited are well chosen and illustrate the 
important points but the bibliography is rather limited. ‘Patent 
Laws,” ‘General Information Concerning Patents,” “Rules of 
Practice’ of the U. 8. Patent Office are authoritative references 
that are omitted. 

This book accomplishes its purpose very well and it is recom- 
mended to all industrial chemists, engineers, and executives that 
are concerned with development of inventions. 


WILLIAM F. O’CONNOR 
ForpHaM UNIVERSITY 
New Yorx City 









Jor Editorial 
Excellence 
Class, Institutional and Professional Papers 
149 
| AWARD OF MERIT TO 
wo 
Geernal of Chemical Education 





Conducted by = 
INDUSTRIAL . 
MARKETING 


























Friedrich Bergius (1884-1949) 


(See page 508) 




















with the 


WELCH 
“Straight Jacket” CONDENSER 


Modified Liebig Type 


@ End-to-End Circulation eliminating end eddy currents, increases efficiency. 


@ Low-cost and ease of replacing a broken ‘‘Straight-Jacket’’ assures 
utmost economy. 


@ Molded Rubber Bumper Caps reduce breakage. 
@ Jacket replaceable from your regular tubing stock. 





























@ All parts replaceable and interchangeable. T 
@ Low initial and replacement costs on all glass parts. lif 
@ 7 lengths—250 mm to 900 mm. = 
tu 
THE METAL INLET m 
AND OUTLET TUBES 
ARE UNBREAKABLE “4 
AND CAN BE PLACED Me 
ATANY CONVENIENT 7 
ANGLE. : 
m 
The glass parts of this condenser are carefully made and annealed and all parts showing strains th 
in the polariscope are rejected. The straight-jacket is a piece of straight tubing carefully flanged 
at the ends to fit perfectly the molded rubber caps. An emergency replacement by means of a de 
piece of stock tubing is possi}le. m 
lu 
No. 4941 
T,.. dqaemss PYREX Condensers le 
In the most common sizes, Straight-Jacket Condensers are it 
available - oe =~ —_ as se “ glass. Obviouslv, = 
Ww 7 A user can also decide for himself whether to use Pyrex Bran in 
Straight packet Condensers glass for both outer and inner tubes, or Pyrex Brand for one by 
4941. CONDENSER, STRAIGHT-JACKET. Modified *"4soft glass for the other. tl 
Liebig Type With Rubber Bumper Caps. 4941P. CONDENSER, STRAIGHT-JACKET, Pyrex Brand. 3 
Length,mm. 250 300 400 500 600 750 900 This is a modified Liebig type with rubber bumper caps. All In 
MORI 5 ui0'<-0-0-0 $1.15 $1.25 $1.35 $1.50 $1.65 $2.25 $3.25 = ngs made of Pyrex Brand glass. ie ois a 1m 
4942, OUTER TUBE, ONLY, For Straight-Jacket Condenser. /°DB'M) MM... --. seers eee ee eee tl 
tar ef ar fring dlenmeroaae fly SROs Sayeed Spe oem etna. SIRs. Lek Rea $2.00 $2.25 $2.50 
Length, mm. 250 400 400 500 600 750 900 4942P. OUTER TUBE, ONLY, For Straight-Jacket Conden- 
RUNG 60 6 40. <<: .65. 46°. 0 1:50 -245 pa a Brand. Endsannealed. Free from strain. re 
: AMC TMIEIL (ssc a. a0 @ibatp eGo ousse hares 300 400 500 a 
ne ens ae en cn rere edo $1.00 $1.25 $1.50 2 
Length, mm. 250 300 400 500 600 750 900 4943P. INNER TUBE, ONLY, For Straight-Jacket Conden- er 
Inner Tube ser, Pyrex Brand. 
Length, mm. 500 550 650 750 850 1000 1150 ForCondenser, Length,mm.......... 300 400 500 
| Ee OO MD eB. 5BO . ~IBB: BS 0s i Mg ciety to oa Cae ence tne -80 $1.00 $1.15 a 


W. M. WELCH SCIENTIFIC COMPANY 


Established 1880 
1515 Sedgwick Street, Dept. D Chicago 10, Illinois, U. S. A. 




















30 JOURNAL OF CHEMICAL EDUCATION, OCTOBER, 1949 








— =e —_ ore wo ™v 


EE oO 

















The list of desirable things to be had in and from this 
life of ours is, of course, extensive. One of them, 
nevertheless, has been brought to my attention by Neil 
E. Stevens in an article by him which I have just found 
tucked away among the many miscellaneous things on 
my desk.! 

It would be gilding the lily to attempt to add much 
to what he has said about ‘Fun in Research.” But 
what more satisfying can any of us ask in the way of 
happiness than truly to enjoy the work we do? What 
keeps men in a career of scientific research? The pay? 
Searcely, for men of such caliber can invariably com- 
mand more in other fields. The prestige? Such as it is, 
this is only impressive in certain levels of society. The 
desire to serve? This commendable urge is probably no 
more operative here than in other occupations. The 
lure of an easy life? Perhaps, but it is not always 
leisurely; the driving pressure is just as oppressive when 
it comes from within as when it is exerted from without. 

All these, and many other considerations may enter 
into the question, but I believe that most of us are here 
because we find it fun, and Dr. Stevens makes it clear 
that we should not be ashamed to admit it. Moreover, 
in our research we should hunt out the things we find 
most pleasure in doing; among other results, we will do 
them most effectively and productively. 

A thought worth long consideration is: for a life of 
real research, character—the ability to survive dis- 
appointment and frustration—is at least as important 
as intellectual ability. Who but the research worker 
can better use the advice: “if at first you don’t suc- 





1 American Scientist, 37, 119 (Jan., 1949). 














ceed. . .”? In speaking of this frustrating aspect of 
true research Dr. Stevens says he “‘can think of no other 
form of human endeavor, not even playing slot ma- 
chines, possibly not even prospecting for gold, that 
offers so dismal a prospect of success.” 

We certainly do not impress this sufficiently upon the 
new recruits from our graduate schools. Unfortunately, 
in our system of graduate education, there is often too 
great a premium upon problems for which there are 
assured solutions if one carries out a routine faithfully. 
Thus one will certainly get his degree! Considering the 
ease with which people, in general, are dissuaded from 
their efforts by frustration, it is indeed remarkable that 
we can successfully recruit a new generation of scientific 
workers. Perhaps it is because they do not know the 
disappointments ahead of them. If so, we would do 
better to weed out earlier those who will be unable to 
stand the strain. 

There is no greater demand upon character than the 
necessity for postponing one’s fun, especially if the 
prospect of ultimately having it is a dim one. But one 
can be taught that persistence itself may be joyful. 
This would seem to be almost a positive necessity for a 
career which involves such frequent frustrations. 

Among other useful admonitions to the budding 
scientist are: 


Don’t run with the crowd; it is not much fun. 
Never hesitate to tackle a wholly unknown problem. 
Don’t let anyone dissuade you by ridicule. 

Don’t hesitate to advocate an unpopular approach. 
Be generous with your applause. 

Don’t work too hard. 

Don’t worry about your scientific reputation. 





% FRIEDRICH BERGIUS (1884-1949) 


Wruen Harvard University at its Tercentenary in 
1936 conferred an honorary Sc.D. on Friedrich Bergius 
the citation read: “A modern magician, his knowing 
touch transforms coal to oil.” This reference, of 
course, was to the Bergius process of “liquefying coal,” 
a popular designation of a most successful method of 
producing gasoline and other hydrocarbons from coal 
by treatment with hydrogen at high temperatures and 
pressures. Another achievement along this line is the 
Bergius method of producing light. oils and gasoline 
by subjecting heavy petroleum oils to the action of 
hydrogen during cracking. His pressure method of 
producing phenol from chlorobenzene is in large scale 
use, and the transformation of ethylene into glycol has 
been carried far toward technical realization. The last 
of his great endeavors was the “saccharification of 
wood,” 7. e., the hydrolysis of wood and other vegetable 
materials, from which, by the action of concentrated 
hydrochloric acid, there result glucose and syrups. 
These can be utilized directly for human and animal 
feeding, or if subjected to fermentation the products 
are alcohol, albumens, etc. These ideas were carried 
through laboratory and pilot plant stages and eventu- 
ally into technical practice. The Bergius processes for 
obtaining gasoline and making “ersatz” food and fodder 
from wood were essential factors in Nazi war economy. 

Friedrich Bergius was born at Goldschmieden, near 
Breslau, on October 11, 1884. His father was pro- 
prietor of a chemical plant, and doubtless the son 
received from him much of the understanding of tech- 
nical chemistry and economics that characterized his 
later professional career. After taking his doctorate in 
chemistry in 1907 at Leipzig, he spent two years in 
further study, first with Nernst at Berlin and then with 
Haber at Karlsruhe. The latter introduced him to 
the reactions carried out under heat and high pressure. 
In 1911, Bergius became Privatdozent at Hanover, 
where he lectured on physical and technical chemistry. 
He also opened a private research laboratory where he 
began to investigate the difficult problem of the origin 
of coal. These studies led him into the possibility 
of hydrogenating coal and oil with the object of con- 
verting solid fuels into liquid combustibles. Numerous 
patents resulted. 

In 1914 Bergius became associated with the Gold- 
schmidt Aktien Gesellschaft at Essen and took over the 
headship of its scientific laboratory. The famous 
Bergin Works at Mannheim-Rheinan were begun in 
1916, but the Bergius process of coal liquefaction re- 


RALPH E. OESPER 
University of Cincinnati, Ohio 


quired ten years of research and the expenditure of 
$3,000,000 before its practical success was assured. 
Factories were built in various parts of Germany. The 
I. G. Farben Industrie purchased rights to the process 
and Standard Oil of New Jersey secured the American 
rights. 

The story of the Bergius process of wood hydrolysis is 
told by Glesinger in his recent “The Coming Age of 
Wood.” According to this author, the inspiration came 
from Erik Haegglund, the internationally known Swed- 
ish authority on wood chemistry. Haegglund worked 
on the problem around 1917, took out the basic patents, 
and then devoted himself to other topics. Bergius 
persuaded Haegglund to join forces with him and the 
Bergin corporation was formed. Bergius induced 
Dutch capitalists and Scotch distillers to invest 
$1,000,000. After preliminary tests in Switzerland, 
a full sized plant was erected at Rheinau. “Soon the 
first money was spent, and Bergius got his backers to 
put up another million dollars. In 1936, however, 
when Bergius suggested that they double the stakes 
once again, they balked and let the Nazi government 
secure for almost nothing the complete control of a proc- 
ess which was to attain crucial importance for Ger- 
many’s war effort.” In 1945 Bergius sought permis- 
sion from the American authorities to resume produc- 
tion of protein food and sugar from waste wood, but the 
request was not granted. He then left Germany and 
after several years in Spain went to Argentina late in 
1948. Here he was engaged as technical adviser in the 
Combustibles Division of the Ministry of Industry. 
At Buenos Aires, however, his death came only a few 
months later, March 30, 1949. 

This eminent chemist, successful industrialist, and 
keen business man visited America on several occasions, 
participating particularly in international bituminous 
coal conferences at Pittsburgh. The record of his 
publications from 1925 to 1938 shows at least one im- 
portant, comprehensive discussion almost each year, 
many of these representing major addresses at inter- 
national conferences. Honors came to him from U.S.A., 
England, and his own country. These included 
numerous medals, honorary memberships in scientific 
and technical societies, and honorary degrees. In 
1931, the Nobel Prize for chemistry was equally divided 
between him and Carl Bosch (chiefly responsible for 
the technical application of the Haber process) ‘for 
their services regarding the invention and development 
of chemical high-pressure methods.” 
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In THe city of Johannesburg, South Africa, is situated 
a unique organization, The Diamond Research Labora- 
tory, devoted to investigations in all phases of the dia- 
mond. This laboratory was established two years ago 
by the leading diamond mining companies of the world 
to assist all who produce or use diamonds. 

Although a great deal of work has been done in 
several universities and research institutes on the crys- 
tal structure of the diamond, the Diamond Research 
Laboratory is the only institution in the world investi- 
gating the diamond from the earliest stage of extraction 
to its final disposition in a tool orasagem. It is appro- 
priate that such a laboratory should be located in 
Africa, since nearly all the world’s diamonds are ob- 
tained from that continent. The international scope 
of the diamond industry is indicated by the support 
of the Laboratory from South African, British, Belgian, 
and Portuguese diamond mining corporations. 

The work done may be divided into two categories: 


(a) Short-term, practical problems, submitted by 
the primary producers to increase output, by 
manufacturers or users of industrial diamonds 
to improve performance of tools, etc., or by 
cutters and polishers to assist the gem side 
of the industry. 
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R. S. YOUNG 


Diamond Research Laboratory, Johannesburg, 
South Africa 


(6) Long-term, theoretical studies on the chemical, 
physical, and mechanical characteristics of 
the diamond which determine its industrial 
and engineering properties. 


For administrative purposes the Laboratory is divided 
into six sections, and a good idea of the research facilities 
available may be gleaned from a brief description of 
these divisions. 

Chemical. A well-equipped chemical laboratory 
enables analytical and chemical engineering studies to 
be made on the ores, waters, and mineral dressing re- 
agents of the mining companies; on the metals and 
alloys, ceramic materials, and plastics used as matrices 
for diamond tools, grinding wheels, and drill crowns; 
on cleaning diamond powder and the determination of 
impurities in diamonds; the reclamation of diamonds 
from used bits and tools. 

Cutting and Polishing. This section, comprising a 
small but complete commercial cutting shop, has two 
main functions. Investigations are made into the 
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ancient art of diamond cutting and polishing to deter- 
mine whether improvements can be effected by the 
application of scientific and engineering principles. 
Is it possible for instance, to speed up sawing and 
polishing operations by the aid of an electric current? 

The second function of this section is to cut and shape 
diamonds for the research purposes of the other divi- 
sions. If it is desired, for example, to study the effect 
of various orientations and types of mounting on resist- 
ance of abrasion of diamond tools, stones may be cut 
at the laboratory to any required specification. 

Drilling. Although a diamond drill may be con- 
sidered a tool, the great importance of diamond drilling 
as an outlet for industrial stones, and the peculiar 
problems of this field, demand a separate section for 
its investigations. A small pit adjacent to the base- 
ment serves as a test chamber into which blocks of rock 
may be lowered for drilling work. Research will be 
conducted on the variables in drilling, such as speed and 
pressure, composition of crown matrices, and improve- 
ments in setting diamonds. 

Engineering. ‘The engineering section is attempting 
to improve existing types of diamond tools and to extend 
the uses of the diamond in industry. The diamond is 
used in lathe tools, grinding wheels, wire drawing dies, 
gages, masonry saws, thread grinders, glass cutters, 
and many other purposes in fabricating industrial 
material where its great hardness ensures high accuracy 
and fine finish. Diamond-impregnated tungsten car- 
bide now fulfills the demand for a super abrasive in 
many applications. 





Various Types of Diamond Tools for Cutting, Drilling, Machining, and Grinding 
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The improvement of diamond tools not only entails 
better preparation of diamond powders to give greater 
uniformity in size and shape, improved orientation of 
diamond, possible heat treatment, but also includes the 
development of harder and stronger matrices which will 
hold the diamond particle rigidly and tenaciously. 
Since the diamond is adversely affected by high tem- 
peratures, powder metallurgical processes for forming 
a holder for diamond tools are growing in popularity. 

Metallurgical. In this division research work is 
proceeding on improvements in the recovery of the 
smaller sizes of diamonds. The latter are greatly 
in demand for industrial purposes and extraction meth- 
ods hitherto employed have not given satisfactory 
recovery of these sizes. 

Processes employed for recovery of diamonds from 
gravel or ground have until recently depended upon two 
properties, gravity and adhesion. Diamond, with its 
specific gravity of 3.5, is appreciably heavier than the 
usual silicate rock having a gravity of 2.8, and gravity 
methods of separation can be employed to obtain a 
concentrate of diamonds together with the heavier 
minerals. This concentrate, in the form of a wet pulp, 
is then passed over an inclined table covered with 
grease. Diamonds have a water-repellent surface and 
adhere to the grease, whereas most of the gangue min- 
erals are wetted by water and will not stick to the grease 
surface. 

Unfortunately, diamonds from many localities will 
not adhere to a grease surface, and a final separation 
cannot be carried out by this means. Hand sorting 
of the entire gravity con- 
centrate must be resorted 
to, and it is manifestly im- 
possible to recover all the 
small diamonds by this 
means. One of our major 
projects is to find out why 
certain diamonds are hydro- 
philic, and to modify their 
surface by addition of rea- 
gents to render them water- 
repellent and therefore ad- 
herent to a grease surface. 

Another process which 
the Laboratory is develop- 
ing to improve the recovery 
of smaller sizes of diamonds 
is electrostatic separation. 
This is based on the non- 
conductance of diamonds 
and the weak conductance 
of gangue minerals when a 
dry stream of diamond- 
iferous gravel is dropped 
through a high tension dis- 
charge passing between two 
electrodes. By recirculat- 
ing ,the feed several times 
an excellent separation of 
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diamonds from gangue can 
be effected. 

Alone of all the mining 
and metallurgical indus- 
tries, diamond companies 
have never been able to de- 
termine the value of their 
incoming feed and outgoing 
tails, owing to the impossi- 
bility of chemically differ- 
entiating diamond from 
other forms of carbon. We 
hope that laboratory model 
electrostatic separators will 
enable an accurate deter- 
mination to be made of the 
diamond content of repre- 
sentative samples of mining 


products. 
Physical. This section 
embraces — microscopical, 


spectrographical, and X-ray 
investigations on the dia- 
mond itself, on ceramic and 
metal matrices for diamond 
tools or crowns, and on 
complementary or competi- 
tive products like tungsten carbide and synthetic sap- 
phire. 

The diamond has long attracted the interest of crys- 
tallographers, but their investigations have been 
nearly invariably concerned with gemstones, and the 
effect of color, flaws, inclusions, and coatings found in 
industrial diamonds on their physical properties has not 
been studied. 

The experimental facilities of the Diamond Research 
Laboratory at Johannesburg, together with the ab- 
stracting and bibliographical services of the Industrial 
Diamond Information Bureau at London, provide 
users of diamonds throughout the world with data and 
advice on problems of the industry. Close cooperation 
is maintained with workers in the abrasives and related 
industries, precision engineering, diamond drilling, and 
gemstone production. 

The great abrasive companies in the United States 
stand as monuments to the laboratory and research 
programs of these organizations. There is no reason 
why the progress in the field of synthetic abrasives can- 
not be duplicated for the hardest substance of all. 

Chemistry is the cornerstone of the Diamond Re- 
search Laboratory, and one or more of the divisions of 
that science enter into nearly every project in the pro- 
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A Section of the Chemical Laboratory 


gram. Inorganic chemistry is vital to studies of the 
impurities in the diamond, to a knowledge of the prop- 
erties of the metals and ceramics used to hold a diamond 
in a tool, die, or drill bit, and to an understanding of the 
behavior of associated minerals in metallurgical proc- 
esses. Organic chemistry is essential in studies on 
plastic and rubber-bonded matrices for diamond tools, 
on greases, wetting agents, and water repellents used 
in the recovery processes. Analytical chemistry, here 
as elsewhere in research organizations, is the founda- 
tion on which much of chemical science resis. The 
principles and practices of physical chemistry are 
brought to bear on problems of wetting of surfaces, 
surface phenomena in electrostatic separation, the bond 
between diamond and the matrix, reclamation of dia- 
monds from used drill crowns by electrolysis, the proc- 
esses of powder metallurgy now s® widely used in 
forming diamond drill crowns, dies and tools, and the 
preparation and cleaning of diamond powders. 

The diamond, for centuries prized only as an article 
of jewelry, is now in the front rank of key industrial 
commodities. Its value depends on the distinctive 
properties of the tetrahedral carbon atom. Its future 
depends on a vigorous program of research, in which 
the role of chemistry is fundamental. 





€ INFRARED DRYING OVEN 


Tue drying of organic chemistry laboratory prepara- 
tions and other materials by the use of infrared electric 
lamps rather than by the convection type of oven has 
been found over a period of eight years to be very satis- 
factory. The use of the infrared lamp as an oven unit 
for this purpose was suggested to the author by James 
T. Watson of St. Louis, Missouri. Through the usual 
evolutionary process the design shown in the illustra- 
tions was developed. 





Drying Oven Closed 


The oven frame is constructed of 1- X 1-in. angle iron 
welded into a cube of inside dimensions 24 K 24 X 24 in. 
The walls are made of !/;-inch transite; holes ca 2 in. 
in diameter in the sides (2 each) and top (5) produce 
an entirely adequate circulation of air through the oven 
interior. (Forced-air circulation has been tried with 
these ovens; it was found that the drying capacity 
was not increased appreciably thereby.) The front 
door of the oven is of the drop-panel type, fastened by a 
friction catch, and held in a horizontal position, when 
open, by short lengths of chain. The open door thus 
serves as a shelf to hold samples which are being placed 
into, or removed from, the oven. The door does not 
extent the full height of the oven in order to protect the 
lamps. Four type-PS 30 clear, 120-volt, medium base 
nonilluminant infrared drying lamps provide adequate 
heating at a power consumption of 1000 watts. These 
lamps can be obtained through any General Electric 


L. K. HENKE 
University of Wisconsin, Madison, Wisconsin 


dealer. The lamps are arranged (see illustration) to 
provide uniform illumination of the oven floor. 

The metal screen shelf (1/2- X 1/s-in. mesh galvanized 
wire screen is used), on which samples are placed, is 
raised above the bottom of the oven by 2-in. furring 
strips. In this way a more effective circulation of air is 
obtained. 

A supporting framework for the oven may conven- 
iently be made from standard 1-in. pipe and fittings 
when table space is not available. The completed 
oven assembly is painted with a mixture of 1 part Glyp- 
tal No. 1202 (G.E.), 2 of thinner No. 1500, and 3 of 
aluminum bronzing powder. This mixture spreads 
well, is not too readily absorbed by the transite surface, 
and does not turn yellow from heat. It also gives 
a pleasing finish. 








Drying Oven Open 


Continued use of this type of oven during a period of 
eight years has failed to reveal any serious defect in it. 
Eight are now in use in the organic chemistry labora- 
tory here, where, it is estimated by Prof. Michael W. 
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Klein, they afford a saving in time of up to 50 per cent 
over the conventional type oven in this application. 
This increased efficiency has been particularly valuable 
in view of the greatly increased enrollment in the labo- 
ratory courses in recent years. 


3 WAR SURPLUS: 
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A BOON TO COLLEGE 


SCIENCE DEPARTMENTS 


Many small colleges are handicapped in teaching 
science courses because of limited facilities in space and 
equipment. To such schools the surplus property 
made available by the federal government through its 
agencies has been of tremendous benefit. The experi- 
ence of the chemistry department at Concordia College 
is a good example. 

Before the last war the Concordia chemistry depart- 
ment was housed in the basement of the administration 
building of the college; it consisted of one large labora- 
tory, stockroom, and offices. In 1947 arrangements 
were made with the Federal Works agency to erect a 
one-story frame building to be used as a science hall. 
Construction was made from materials salvaged from 
four classroom buildings used by the U. 8S. Army during 
the war. An H-shaped building of 15,000 sq. ft. floor 
space was thus made available at government expense, 
complete with distribution of water, gas, electricity, and 
compressed air set into the concrete slab floor. The 
building, which now houses the departments of chemis- 
try and biology, is shown in Figure 1. It provides three 
laboratories, two stockrooms (plus considerable attic 
storage), offices, and classrooms for the chemistry de- 
partment. 

At the time of construction of the science building 





Figure 1. 


Concordia College Science Building 


ALLEN L. HANSON 
Concordia College, Moorhead, Minnesota 





Figure 2. Exhaust Fan Mounting 


the college also acquired from war ‘surplus a heating 
plant which had been equipped with a forced-draft 
system. In the new installation the impellers for the 
forced draft were not needed, consequently one of them 
was available for science use and was set up as an ex- 
haust fan for a battery of fume hoods in the freshman 
chemistry laboratory. However, the fan was designed 
to operate at a capacity of 5200 cu. ft. per minute at a 
speed of 1200 r. p.m. It was feared that this speed of 
revolution would cause objectionable noise; moreover 
the capacity was greater than necessary. The electric 
motor was therefore belt-coupled to the fan with pulleys 
arranged to reduce the fan speed to about 500 r. p. m. 
The system works satisfactorily and with no hum. 
The assembly is shown in Figure 2. 

In Figures 3 and 4 are shown an air compressor and a 
28-volt d.-c. generator which were also made available 
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Figure 3. Air Compresser 


from war surplus. They are installed in a small 
basement space in the building. The compressor 
supplies air to laboratory tables at 20 lb. per sq. in. 
pressure. The motor generator provides current for 
electrolysis and other experiments. In Figure 5 is 
shown the distribution panel in use with the d.-c. sys- 
tem. All meters used are war surplus. If desired, a 
series rheostat may be used to drop the voltage to a 
level suitable for electrodeposition, for example, with 
equipment shown below the switch panel. The box at 
the lower left is a control station for fine regulation of 
voltage and current which is achieved by the use of 
series and parallel rheostats and is measured by the 
war-surplus meters shown. The ammeters were 
adapted by proper shunts to cover the current range de- 
sired. The black box on the shelf is a war-surplus 


oe 








Figure 4, D.-C. Generator 
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dynamotor of a type used to supply high voltage 
d.-c. in aircraft. It operates on 28 volts d.-c. input and 
supplies 13, 150, and 300 volts. The 150-volt supply, 
when made variable by a series rheostat mounted on 
the chassis, is an admirable source of current for the 
conventional experiment on transference numbers in 
the physical chemistry course. 

















Figure 5. D.-C. Distribution Panel and Auxiliary Equipment 


For these and other accessions, including some 
chemicals, the chemistry department is indebted to the 
Air Materiel Command, the U. 8S. Office of Education, 
and to the Minnesota State Department of Education, 
as well as the Federal Works Agency previously men- 
tioned. These agencies cooperated generously with 
the college public relations officer, Mr. J. L. Rendahl, 
to make available much donable material gratis or at 
small cost to the college. 
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ie JUSTUS VON LIEBIG AND TODAY'S 
AGRICULTURAL CHEMISTRY’ 


Tue University of Giessen was founded in 1607 
and closed its doors in 1945. During these 338 years 
many noted scientists were active on all its faculties. 
Without doubt, the most famous researchers on the 
faculty of natural science were Justus von Liebig and 
Roentgen. Roentgen’s most productive years were 
spent later in Wuerzburg, but Liebig performed his 
greatest work and issued his most vital publications here 
in Giessen. Significant as the discoveries of Roentgen 
were because of their wide applicability, they were 
nevertheless excelled by the tremendous results that 
flowed from the work of Justus von Liebig. Rarely, 
if ever, has there been a scientist whose researches were 
of such pronounced and far-reaching influence, not alone 
in respect to our theoretical knowledge, but also in 
revolutionizing all our practical and material ways of 
life, because they helped to ban hunger, want, and 
suffering from this world. For a hundred years they 
were to guide our material and spiritual culture upon 
a well-ordered plane, through the elimination of 
worries concerning the necessities of life. 

To promote a better understanding of what follows, 
some brief biographical data may be given. 


Justus von Liebig was born in 1803, the son of a druggist and 
paint dealer in Darmstadt, and early in life worked in his father’s 
paint shop, where he laid the foundation of his chemical knowl- 
edge. After graduation from high school in his birthplace, he 
persuaded his father to let him study chemistry, a subject which 
in those days was regarded as unusual. He attended the Uni- 
versities of Bonn and Erlangen, and later went to Paris where at 
the Sorbonne he attended the lectures of the famous scientists 
of that time in chemistry and physics, and justified the familiar 
European saying: ‘La chimie est un science francaise!’ Liebig 
worked for some time in the laboratory of the distinguished 
physicist and chemist Gay-Lussac. In Paris he also became ac- 
quainted with a number of German scientists, especially Alex- 
ander von Humbolt, who helped him in many ways and intro- 
duced him to the great research workers in the French capitol. 

Liebig returned to Germany in 1824. In the same year, upon 
the recommendation of Alexander von Humbolt, the grand duke 
of Hesse appointed him professor extraordinary of chemistry at 
the University of Giessen. He was then twenty-one years old. 
On the death of Professor Zimmerman in 1825, Liebig succeeded 
him as full professor of chemistry. Liebig remained at Giessen 
until 1852 and those twenty-eight years were the most productive 
of his life, during which he performed nearly all his great experi- 
ments and wrote his literary works. Toward the end of his 
activities at Giessen, Liebig received calls to the universities of 
Vienna and Heidelberg, which he declined. After careful con- 
sideration, he accepted a call to the University of Munich in 1852, 





1 Official address at the Seven Hundredth Anniversary Cele- 
bration, City of Giessen, Germany, July 19, 1948. 


KARL SCHARRER 

Agricultural-Chemical Institute of the Justus von 
Liebig College, Giessen, Germany 

(Translated by J. F. Wischhusen) 


and moved to the Bavarian capital where he was active until his 


death in 1873. 


Liebig’s importance to pure chemistry will not be 
discussed at this time, except to mention that his great- 
est contribution in this field consisted of the reformation 
of the methods of teaching chemistry. The kind of 
practical participation of young chemists introduced 
by Liebig is the main policy in the training of chemists 
to this day. Liebig required his students to conduct 
actual experiments in the laboratory from the first day 
of their studies, to engage in practical trials of all the 
various qualitative and quantitative analyses, and 
actually to prepare inorganic and organic compounds. 
This sort of study is essentially maintained to this day, 
but in the meantime has been extended and intensified 
to embrace other branches of chemistry. 

Liebig’s main accomplishments are, however, to be 
found in the field of applied chemistry. In particular, 
two books which he wrote in 1840 and 1842, respec- 
tively, may be looked upon as the birth of two new 
sciences. In 1840 he published his work: ‘Organic 
Chemistry in its Application to Agriculture and Physi- 
ology,’’ a book that is known also in short as “ Agri- 
cultural Chemistry.” In 1842 there appeared from him 
afurther publication: ‘Organic Chemistry in its Appli- 
cation to Physiology and Pathology,’ which, for short, 
is known as “‘Animal Chemistry.” 

The first book, ‘Agricultural Chemistry,’ has 
wrought far-reaching changes in agricultural practices, 
and exercised a revolutionizing effect upon the food sup- 
ply of the people of Europe, so that during the last 100 
years, except for wartimes, hunger and want were un- 
known, in contrast to former times when famines oc- 
curred regularly. This effect is to be credited essentially 
to the teachings of Liebig as described in this book. 

To understand the new views presented by Liebig in 
his “‘Agricultural Chemistry”’ it is necessary to remem- 
ber that in 1809 there appeared a book by another 
distinguished scientist, Albrecht Thaer, entitled ‘‘Prin- 
ciples of a Rational Agriculture.”’ In this book which 
was in many ways of considerable importance to practi- 
cal agriculture, Thaer also dealt with the science of 
plant nutrition and formulated his “humus theory” 
which essentially stated that the nutrients for cultivated 
crop plants consist solely of water and organic matter. 
Many prominent scientists disputed this conception, 
particularly de Saussure (in Switzerland) in his book 
“Recherches Chimiques sur le Végétation,”’ and Rucker 


? 
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and Sprengel in Germany, too, opposed the viewpoint, 
but their opinions failed to prevail. Liebig success- 
fully attacked the humus theory in his book in 1840, 
and advanced his ‘‘mineral theory.” It is the essential 
content of this mineral theory that the main nutrients 
of green plants, besides carbon, hydrogen, oxygen, and 
nitrogen are six essential mineral nutrients, viz.: 
sulfur, phosphorus, iron, calcium, magnesium, and 
potash. Liebig further indicated that certain plants 
would respond to a supply of sodium and chlorine, and 
that all plants required silicon. 

In comparison with today’s conception of nutrition 
of crop plants, it will be seen that essentially Liebig held 
a body of knowledge similar to ours. In contrast with 
Thaer, who still believed that the organic substances 
of plants were formed from organic materials only, 
Liebig expressly stated his doctrine of carbon dioxide 
assimilation. It was his conception that the higher 
plants, through their chlorophyll and the sun’s rays, 
could, from carbon dioxide in the air, in the presence 
of water and heat, form organic substances by a 
reduction process; thus performing a photochemical 
synthesis. In regard to nitrogen, Liebig at first held 
views different from ours. He thought that atmos- 
pheric nitrogen combinations, especially the constantly 
present ammonium nitrite, when carried into soils 
through precipitation, would fully suffice to supply 
plants with their nitrogen requirements. He therefore 
regarded additional nitrogen fertilization as super- 
fluous. Strongly opposed to such a conception at that 
time were two English agricultural chemists of the 
Agricultural Experiment Station at Rothamsted, Lawes 
and Gilbert. They were convinced that the atmos- 
pheric nitrogen combinations were insufficient to supply 
plants with their nitrogen requirements, so that fertili- 
zer applications of nitrogen to the soil in the form of 
suitable mineral fertilizers were absolutely necessary. 
These disagreements between Liebig and Lawes and 
Gilbert for a time assumed violent form and only in 
later years was Liebig gradually convinced that nitro- 
gen fertilizer application was necessary for plant growth. 

As far as silicon as a plant nutrient is concerned, to- 
day’s knowledge classes it as a trace element rather than 
a major element. In regard to sodium and chlorine, 
today’s knowledge corresponds with Liebig’s opinion 
that these two elements are desirable for all the so- 
called halophilic and chlorophyllic plants, but are 
superfluous, even injurious, for all other plants. 

Our present knowledge of the science of plant nutri- 
tion shows that besides the major plant’ nutrient ele- 
ments, certain accessary elements or microelements, also 
known as trace elements, are absolutely necessary for 
plant growth. In this category besides silicon already 


mentioned, belong boron, copper, manganese, zinc, and 
according to some American investigations, probably 
also molybdenum. 

Liebig’s “mineral theory” not only placed the theo- 
retical principles of plant nutrition upon a new basis, 
but it gave tremendous stimulus to practical agriculture. 
Liebig succeeded where previous research workers failed 


JOURNAL OF CHEMICAL EDUCATION 


in convincing practical agriculturists of the significance 
of mineral fertilizers in the growth of crops. This was 
the result of his thorough presentation of the subject 
in his brilliant publications, and of his authority and 
reputation that were already well established through- 
out the world by his researches in the field of pure 
chemistry. Thus it was Liebig who in the final analysis 
made possible the tremendous development of the 
commercial fertilizer industry that caused such phe- 
nomenal increases in crop yields of our principal culti- 
vated plants through the application of inorganic fer- 
tilizers. 

The production of superphosphates developed gradu- 
ally, as did the use of phosphoric acid generally, in the 
form of phosphates in commercial fertilizers. Later on 
the importance of potash salts from the Stassfurt de- 
posits was recognized; up until then they had been 
looked upon as a waste product nuisance in salt mining. 

Nitrogen was imported into Europe more and more 
as natural saltpeter from Chile and Peru, until in the 
early years of the twentieth century ammonia salts and 
nitrates were synthesized from air nitrogen according 
to the processes of Birkeland-Eyde and Schoenherr, 
as well as Haber-Bosch and Ostwald. The synthesis 
of calcium nitrogen compounds was also developed, 
thus providing another method of converting inert 
air nitrogen into valuable nitrogen combinations. 

Even though Liebig’s chapter on his “‘mineral theory” 
which resulted in the use of commercial fertilizers was 
one of the most influencial in his book ‘‘Organic Chem- 
istry in Its Application in Agriculture and Physiology,” 
we are nevertheless indebted to this book for other 
stimulating principles, first of all for his ‘‘Law of the 
Minimum.” This law states essentially that crop 
yields are determined by the nutrient available to the 
plant in the least amount, and that the absence or 
deficiency of any one nutrient cannot be compensated 
for by the excessive presence of other nutrients. This 
important law of the minimum has had far-reaching 
consequences, and remains not limited to plant nutri- 
tion but is applicable also to animal nutrition. In later 
times it was further developed and mathematically 
perfected, particularly through the studies of E. A. 
Mitscherlich. This scientist formulated his so-called 
“Law of Activity of Growth Factors” which holds that 
plant yields may be increased in proportion to the sup- 
ply of nutrients absent below the need for maximum 


yields. Mathematically this may be expressed by the 
following formula: 
WY = (A — y) 


In this equation x represents the amount of plant 
nutrient, y the amount by which plant nutrient 2 
has produced yields, A the maximum yield obtainable 
from this growth factor, and c the constant efficiency 
value (so-called) of the particular growth factor. 

In conformity with this law, it may be seen readily 
that the better a plant is supplied with a certain nu- 
trient, the less may be expected in the way of additional 
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yield increases from further supplies of such nutrient. 
Vice versa, the more poorly a plant is supplied with a 
nutrient to begin with, the more it will respond in the 
way of yield increases to a supply of that nutrient. 

It is interesting to note that in recent times it has 
been found that similar principles play a role in animal 
nutrition. Feed quantities and feed results are not 
directly proportional, but feed results depend upon the 
plane of nutrition of the particular animal. Expressed 
in other words, the growth increase in an animal as a 
result of feeding may be expected to be lowest when 
the plane of nutrition of the animal is highest, and vice 
versa. 

We know today that Liebig went too far in rejection 
oi Thaer’s humus doctrine, and also that there is a cer- 
tain justification for that theory. Not in the sense, as 
Thaer assumed, that organic matter as such is a ru- 
trient for plants; but that fertile soils require the pres- 
ence of organic matter. Under agricultural practices 
crop production is a matter of growth and decay within 
the top layer of disintegration of the earth’s crust. The 
supply of inorganic nutrients is in itself sufficient to 
sustain the life of plants, even for crop production. 
This has been proved, for instance, in water cultures 
as best developed with “‘hydroponics’”’ in recent times 
by the Americans. But under normal conditions in 
farming and gardening, the soil source of nutrients con- 
tinues to be the basis of agriculture. It therefore is 
not sufficient that the soil contain the essential plant 
nutrients in adequate quantities, and that those 
nutrients removed by crops and precipitation be re- 
plenished, but soil fertility levels must be maintained 
and improved. 

Therefore, policies must be adopted looking toward 
the creation of optimum temperature and moisture 
conditions, a healthy bacterial life and a correct soil 
structure, or what in short is known in our farm practice 
as “the soil mold” and in soil science is defined as 
“permanence of crumb structure.” All this is possible 
only when soils are supplied with sufficient quantities of 
organic matter in the form of properly conserved 
domestic manures, and when the calcium status is 
satisfactory. Heavy soils are loosened by carbon 
dioxide generated from the decomposition of organic 
matter, due to the activities of microorganisms; the 
temperature and water conditions of such soils are 
thereby improved, and favorable conditions are created 
for bacterial flora of the soil. Light soils are enriched 
in organic matter and their consistency improved by 
the application of domestic fertilizer materials. Lime 
supplied to soils not only neutralizes humic acid, forming 
a so-called mild humus, but calcium-ions take care of 
the flocculation of soil colloids that are mostly negatively 
charged, and thus create the conditions prerequisite 
for a correct crumb structure of soils. The object of 


our modern science of fertilization is not only to supply 
nutrients for an increase in crop yields, but also to 
maintain, and where possible, to improve soil fertility, 
a problem which Liebig had already emphasized in his 
writings. The later editions of his book “Agricultural 


517 


Chemistry”’ recognized more and more the importance 
of humus for soil fertility. 

Modern plant nutrition deliberately avoids both the 
unilateral humus theory of Thaer, and an exclusively 
mineral theory. We know that the humic substances 
contained in stable manures and other domestic organic 
fertilizers are indispensable for the maintenance and 
increase of soil fertility, and also that the nutrients 
they contain are insufficient to supply the enormous 
needs of our farms and gardens, so that maximum pro- 
duction cannot be achieved unless we apply the needed 
nutrients to our soils as mineral fertilizers. 

Liebig also investigated the important problem of 
how to ascertain the nutrient requirements of soils and 
plants. He proposed to determine the content of essen- 
tial plant nutrients in the soil by making soil extracts 
with concentrated hydrochloric acid or ‘aqua regia’ 
and analyzing the filtrate. This method is suitable to 
disclose the nutrient reserves contained in soils, but 
does not provide a yardstick to determine the amounts 
actually assimilable by plants, because plants do not 
possess such solvents as strong mineral acids but only 
weak carbonic acid originating from root respirations. 
In recent decades much agricultural chemical research 
has been devoted to working out methods to determine 
what soil nutrients are assimilable by plants and which 
are root soluble. Many such methods have been 
developed, including purely chemical methods using 
mild acids or salt solutions, physico-chemical methods, 
and plant physiological or microbiological methods. 
For practical purposes it is particularly important to 
ascertain the phosphorus and potash requirements 
of our soils. Under our climatic conditions, nearly 
every mineral soil requires nitrogen so that there is less 
interest in methods for its determination. 

The Neubauer method of soil testing has been adopted 
as standard. It employs the plant itself as the solvent 
of soil nutrients by utilizing the soil-to-plant relation- 
ship under controlled conditions to determine the up- 
take by rye seedlings of root-soluble phosphoric acid 
and root-soluble potash from a definite quantity of 
soil. The nutrients contained in the rye seed and in the 
sterilized sand used to dilute the soil,are determined in 
comparison with a check plot. This process has been 
improved in recent years through photocolorimetric and 
spectroanalytical devices into a rapid soil testing 
method. 

Liebig’s ‘‘Animal Chemistry” appeared in 1842, as 
stated earlier. While it did not instigate anything like 
the transformation brought about by his ‘Agricultural 
Chemistry” that appeared in 1840, nevertheless it 
stimulated the science of animal nutrition in many 
respects. 

Albrecht Thaer evaluated feedstuffs according to 
their “hay value’”’ which showed the way to a chemico- 
physiological evaluation of feedstuffs and foodstuffs 
according to an indicated method of analysis of their 
chemical composition. Consequently, this scientist 
was the first to give an impetus to the evaluation of 
feed- and foodstuffs from modern scientific viewpoints. 
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Liebig divided nutrients into two kinds: plastic and 
respiratory. He designated as plastic nutrients those 
which first of all played a role in the structural metabo- 
lism of the animal body, the proteins for instance. He 
called respiratory nutrients those which mainly func- 
tion in basal metabolism, such as carbohydrates and 
fats. Our modern science of nutrition divides nutrients 
into energy or combustion nutrients, and structural 
or protective nutrients. The energy nutrients include 
principally substances which produce energy through 
oxidation, such as fats, carbohydrates, and to a lesser 
degree also some proteins. The structural nutrients 
include substances not concerned with caloric effects, 
but which function in physiological-chemical activities, 
such as mineral matter, vitamins, proteins, and to a 
certain degree also the fats. 

Liebig clearly recognized that carbohydrates in an 
abundant nutrition can be converted in the animal 
organism to fats. Up to his time the conception pre- 
vailed that body fats were formed solely from the fats 
in the diet. It is true that Liebig based his view solely 
on hypothesis, and that the facts and experiments which 
he quoted are not valid evidence. He thought that 


fat formation was related to respiratory processes, 
7. €., proportional to the oxygen intake of animals. 
According to his assumption, animals remained low in 
fat when in the open on pasture, whereas, when stabled, 
they gained fat through abundant feed and lack of 


oxygen due to lack of exercise. Fat formation, accord- 
ing to him, was taking place in the animal body due to 
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a faulty ratio of quantity feed intake in comparison with 
oxygen respiration. 

It is significant that Liebig clearly pointed out the 
importance of mineral matter, especially calcium and 
phosphoric acid, to the nutrition of animals and man. 
It is particularly timely at the present juncture to 
remember the teaching of Liebig because due to the 
absence of commercial fertilizers our domestic animals 
receive feed poor in calcium and phosphorus, so that 
hogs and dairy cattle particularly suffer from deficiency 
diseases caused by a lack of minerals. Gericke has 
recently shown that the adult as well as the young 
population of Berlin on today’s rations, suffer from 
decided undernourishment, particularly in calcium and 
phosphorus, and pointed out what devastating conse- 
quences this creates with respect to the incidence. of 
certain diseases, not the least being tuberculosis. 

Seen from today’s perspective, Liebig’s ‘Animal 
Chemistry” contains many faults, mainly because he 
overwhelmingly dealt with questions as chemical 
problems without subjecting them to physiological 
tests. But this was done soon after him in an exhaus- 
tive manner by his students, Pettenkofer and Voit. 

The inheritance which Liebig left us in the field of 
agricultural chemistry proves that this science is not only 
one of the most important sciences of agricultura) hus- 
bandry, but also furnishes an essential foundation for 
human nutrition because it covers both plant and animal 
science. It is thus seen that human nutrition cannot 
be separated from plant and animal nutrition. 





A BRILLIANT DISCOVERY! 


T rantum dioxide is a white powder used in making the best 
white paints, paper, plastics, and even Milady’s face powder. In 
recent years research has provided new and better varieties and 
the quest continues for still higher quality. It took a dramatic 
turn recently when scientists decided they could get better optical 
measurements if they had large crystals instead of the fine white 
powder. They produced the large crystals and were rewarded 
with a brilliant discovery; they had gems more brilliant than 
diamonds. The new “Titania” gems can be produced in clear 
crystals as well as blue and amber variations. Although more 
brilliant than the diamond they are not so hard, therefore not so 
resistant to wear. 

It may seem strange that such a large difference in physical 
properties is obtained simply by changing the particle size. How- 
ever, this is a very important factor and considerable research 
has been done to determine the optimum size of the tiny particles 
of titanium dioxide so that they will have maximum whiteness. 
The best size for whiteness and opacity is about !/195,o09 of an inch 
across each particle. With the ‘‘Titania” gems the effort will be 
in the opposite direction; it will be desirable to have the crystals 
as large as possible. 

Many materials show a similar change when produced in a 
large crystalline condition instead of very smal] crystals. We 





1 Reprinted from For Instance, No. 45, 1949. 





like our table salt as a fine white powder but the infrared spectros- 
copist uses it as a clear transparent crystalline platelike glass. 
He makes little containers with it to hold the organic liquids he 
examines with infrared radiation. Ordinary glass containers 
would not allow the radiation to pass through. 

Usually we think of glass as a clear transparent material but if 
we grind it to a fine powder it is white like salt or titanium diox- 
ide. But, if we replace the titanium dioxide in the while enamel 
with the powdered glass the enamel loses its whiteness completely. 
The physicist explains this by saying that titanium dioxide has a 
very high refractive index. This also explains its greater bril- 
liance than the diamond; for titanium dioxide the refractive 
index is 2.70 and it is only 2.41 for the diamond. From high 
school physics we remember, probably, that the refractive index 
is a measure of the extent to which a material will refract or bend 
the light as it passes through it. 

A few years ago the only type of titanium dioxide available 
had the crystal structure of anatase with an effective refractive 
index of 2.55. By rearrangement of the atoms in the crystal the 
rutile structure was developed having a refractive index of 2.70 
with a consequent increase in tinting strength and hiding power. 
No thought was given at that time to making gems more brilliant 
than the diamond, the object was to make white paints and enam- 
els more opaque. It was highly successful in this respect as the 
paint manufacturer well knows and also the painter and house- 
holder when he applies the improved paint. The consumers of 
titanium dioxide will be glad to know that it is now more freely 
available, thanks to increased production facilities and improve- 
ments in processing. 
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BREDIG SOLS: A LECTURE DEMONSTRATION 


T sts paper is presented in the hope that it may help 
teachers in high schools who are looking for a lecture 
demonstration in the colloidal field, and who are at the 
same time seeking supplementary work for able 
students. For either purpose, the teacher is limited to 
the available facilities for such extra experimental 
work. Given a source of direct current, only materials 
available in a high-school department of physics and 
chemistry are required. The directions given are pre- 
cise, reducing the necessary number of trials to a 
minimum. 

Bredig (7, 2) has described a scheme for the disin- 
tegration of metals by means of an electrical current in 
such a manner that a sol of the metal is produced. 
Essentially the method consists of striking an electric 
are between metal electrodes below the surface of the 
dispersing medium. Under the conditions of the ex- 
periment the metal disintegrate to yield a sol consisting 
of particles of varying size. Under this treatment some 
metals yield sols of the metal alone, some yield oxide 
sols, and some yield mixtures of oxide and metal sols. 

The original method has been improved and extended 
by Svedberg (3) and others (4, 5). Usually the ap- 
paratus described is rather elaborate. The use of a 
simple alternating-current type of apparatus for the 
production of Bredig sols is 


EMIL R. RIEGEL, ROBERT C. OSTHOFF, 
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inch rods, A and B, of the desired metal which were 
bent as in the diagram. In the case of copper it was 
found that number 14 or 16 wire could be employed with 
equal success. 

The electrode holders were made from brass in order 
to minimize corrosion. The figure adequately illus- 
trates the simple construction of the holders which 
may readily be reproduced in any manual training 
shop. The holders may be fixed in position by any 
suitable insulating substance, 7. e., C. 

The adjustment mechanism for the movable elec- 
trode consisted of a threaded shaft of !/,-inch diameter, 
D. The end of this shaft pressed against the extremity 
of a brass rod, F, which had been countersunk and 
soldered to the movable electrode holder. The threaded 
shaft, D, was held in position by a short piece of brass 
rod, Z, which had been drilled and tapped to conform 
with the threads on the shaft. The counterbalance for 
this device was supplied by a small spring as indicated 
in the figure. 

The source of power necessary to maintain an are 
may be a two- or three-kilowatt motor-generator set or 
an equivalent source capable of delivering 100 to 120 
volts direct current. 


The circuit details are shown in the figure. The re- 





described by Thomas (6). 
The more simple methods 
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employed to produce Bredig 
sols by means of a direct 
current. The procedure is 
suitable for use in high 
schools and college chemis- 
try courses as the basis for 
a lecture demonstration in 
connection with the study 
of colloid chemistry. 

In the apparatus which 
was employed by the au- 
thors a fixed and a movable 
electrode were used, illus- 
trated in the accompanying 
figure. These electrodes 
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sistor that was employed was rated at 5 ohms and 12 
amperes. While the resistor was overloaded 35 per cent, 
no difficulty was encountered due to the intermittent 
nature of the arcing process. A resistor of this type is, 
in general, more readily available than one of higher 
current rating. Cooling the resistor with a current of 
air is advisable when several sols are to be made in quick 
succession. 

In the preparation of a sol the electrodes are im- 
mersed in the dispersing medium. A suitable and con- 
venient procedure is to place 250 to 300 ml. of the dis- 
persing medium in a 400-ml. beaker and then to raise 
the beaker until the electrodes are immersed to a depth 
of 2 to 3 cm. below the surface of the liquid. Then, 
with the power on, the electrodes are brought into con- 
tact with each other and gently moved apart, thus 
striking the are. Since the are does not maintain itself 
over a prolonged period it is necessary to strike the arc 
periodically during the course of the experiment. In 
the case of the preparation of hydrosols the arcing time 
was found to be in the vicinity of 30 seconds, while the 
time required for the preparation of most alcosols was 
found to be about 15 seconds. 

Certain precautions are necessary in cases in which 
water is to be employed as the dispersing medium. For 
example, the ordinary tap water of the city of Buffalo 
was found to be unsuitable for this type of work. This 
water contained about 165 parts per million of total 
dissolved solids and had a pH of about 8. On the other 
hand, the distilled water at the University of Buffalo 
had a pH of about 5 and a specific conductivity of 6 X 
10-> reciprocal ohms per centimeter. The latter was 
found to be completely suitable for the preparation of 
Bredig sols. 

In the event that no distilled water is available, the 
use of ordinary pyrex distilling equipment may afford 
a convenient means for the preparation of suitable 
water. The authors found that ordinary tap water that 
had been distilled through pyrex functioned satisfac- 
torily as a dispersing medium. In any evert a second 
distillation should yield a desirable product. When sols 
were prepared in water that had been distilled but once 
the arcing time to produce a sol of moderate concentra- 
tion was somewhat longer than with the doubly dis- 
tilled water. 

The authors prepared conductivity water in a moder- 
ate state of purity, as with a specific conductance of 
0.5 X 10-* reciprocal ohms. In this event the arcing 
time was found to be longer than that’required in the 
distilled water of the University of Buffalo. The sta- 
bility of the resulting sols was found to be somewhat 
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less than the stability of those which were produced 
in the distilled water that was available. 

Although a trace of alkali is generally regarded as 
aiding in the production of a sol that is very finely dis- 
persed, it was found by the authors that a sol of greater 
stability resulted when all electrolytes were absent, in 
so far as this is practical. However, it has already been 
mentioned that the stability of the sols that were pro- 
duced in the conductivity water was lower than that of 
those formed in the ordinary distilled water. 

The results of the experiments conducted by the 
authors are summarized in the table that follows: 





Arcing time 





(approxi- Charge 
i on 
Metal sec. Color of sol micellae 
Copper 30 Green Positive 
Tron 30 Yellow-green Positive 
Nickel 15 Green Positive 
Platinum . 30 Dark green Negative 
Gold 30 Purple Negative 





All of the above sols were stable for a period of at 
least a week, and no stabilizing agent was added. The 
particle size in these sols was observed to vary over a 
wide range. Those sols which possessed a positive 
charge probably contained some particles of the oxides 
of these metals. 

For lecture demonstrations a Tyndall beam will 
show the colloidal nature of the suspension. The sols 
may be coagulated by electrolytes to illustrate floccu- 
lation. 

It should be further noted that several organic sol- 
vents may be employed as dispersing media for the 
various metals. Alcohols, carbon tetrachloride, and 
several other organic solvents were employed success- 
fully by the authors. In these cases the sols and the 
colors were the same but possessed somewhat less sta- 
bility than the hydrosols. 
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# VICTOR MEYER AND THE 
THIOPHENE COMPOUNDS' 


Iw rue Autumn of 1882, Professor Victor Meyer? took 
over the lectures on the benzene derivatives at the 
Zurich Polytechnic. In his ten years as Professor of 
Chemistry at Zurich, he had established a reputation as 
a brilliant lecturer, based partially on the theatrical 
perfection of his lecture demonstrations. It is natural 
that when he began teaching the course on aromatics 
he chose to use this technique. One day early in the 
term he was demonstrating the decarboxylation of ben- 
zoic acid. For the identification of the product he con- 
fidentally applied von Baeyer’s* indophenine test(/) 
—then supposed a test for benzene. The test was 
negative. He was amazed, as he had practiced the in- 
dophenine reaction that morning before entering the 
auditorium. It was his lecture assistant, Sandmeyer,* 
who pointed out that he had rehearsed with a sample of 
coal-tar benzene and demonstrated with a sample of 
synthetic origin. Victor Meyer started to investigate 
this strange failure the same day (2). 

By the twenty-eighth of November he had found that 
the purest benzene available from coal tar always gave 
the indophenine reaction, while the same benzene, 
when it had been shaken repeatedly with sulfuric acid 
did not, nor did benzene which had been prepared 
from benzene derivatives. He reported this in a paper, 
“Concerning benzene of various origins,’ in the 
Berichte (3) and ended by proposing three hypotheses to 
account for this behavior, the last one being that ‘‘the 
benzene could contain two materials, chemically and 
physically very similar, which differ in that one is more 
reactive than the other.’”’ On June 1, 1883, he sub- 
mitted a second article, “(Concerning the companion of 
benzene in coal tar’ (4), announcing the isolation of a 
compound, C,H,S, for which he proposed the name 
“thiophene” because of its sulfur content and because 
of the similarity between benzene and thiophene and 
their corresponding derivatives. He said that it is the 
thiophene present in coal-tar benzene, rather than the 
benzene, which undergoes the indophenine reaction, 





1The author is a graduate student and teaching fellow in 
organic chemistry at Tulane University. She wishes to thank 
Professor Clara de Milt for suggesting the subject of this paper 
and for her aid and encouragement in preparing it. 

2 Victor Meyer (1848-97) is best remembered for his method 
of vapor density determinations, his theory of steric hindrance, 
and his work described in this paper. 

3 Adolph von Baeyer (1835-1917), 1905 Nobel Prize winner, is 
best remembered for his strain theory of cyclic compounds and 
his synthesis of indigo. His indophenine test consists of the 
addition of sulfuric acid and a crystal of isatin. The intense blue 
color of indophenine is positive. 

4 Traugott Sandmeyer (1854-1922) who is remembered for the 
reaction of diazonium salts which bears his name. 
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and he suggested that thiophene is the sulfur analogue 
of furan, giving its structural formula as such. 

Appended to ‘“The companion of benzene’’ is a letter 
from von Baeyer which says that the analysis pub- 
lished in his original article on indophenine (/) was 
erroneous. Since von Baeyer had prepared indo- 
phenine from isatin and supposedly pure benzene, his 
analyst® had made no test for sulfur, so had considered 
all gases given off by the combustion to be carbon diox- 
ide, and from the results had concluded, erroneously 
but quite naturally, that the reactant was the benzene. 
When Victor Meyer wrote to his good friend and former 
professor on December 18, 1882, that he believed that 
indophenine contained sulfur, it is characteristic of von 
Baeyer that he responded by sending a sample of his 
preparation of the compound to aid Meyer in deter- 
mining its true nature. 

Von Baeyer’s influence in the discovery of thiophene 
cannot be underestimated. When Meyer had isolated 
the compound, its quantitative analysis indicated that 
the compound was diethylsulfide, but the properties of 
the two were dissimilar. From the correspondence be- 
tween the two men at this time, the letters of Meyer 
have been published (6) and from them it is evident 
that it was von Baeyer who suggested that a closer 
analysis might show the compound to be the sulfur 
analogue of furan. The letters also indicate that it was 
probably von Baeyer who named the compound. A 
letter to von Baeyer dated May 21, 1883, tells that 
analyses have confirmed the formula C,H,.S and asks 
help in naming the compound, submitting a list of 
seven possibilities, none of which is the name now 
known. Ten days Jater Meyer submitted the paper 
which introduced the compound, “thiophene,” to the 
chemical world. : 

The isolation of thiophene from the benzene fraction 
of coal tar led to the search for its homologues among 
the homologues of benzene. A mixture of monomethyl- 
thiophene, thiotolene, the “Companion of toluene,’’ was 
reported in 1884 (6) and thioxene from the xylene frac- 
tion was reported in 1885 (7). Due to the occurrences 
of the thiophenes in fractional percentages in coal tar, 
their isolation as the sulfonic acids by extraction of the 
hydrocarbon with concentrated sulfuric acid in re- 
search quantities in the days before microanalysis was 
quite a problem. The Basel dye firm of Bindschelder, 
Busch and Company extracted 250 liters of benzene 





5 Paul Friedlander (1857-1923) who is best remembered, not 
for this mistake, but for his work on dyes and for the Friedlander 
synthesis of substituted quinolines. 
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with 25 liters of concentrated sulfuric acid from which 
Meyer obtained his original 140-g. sample of thiophene. 
Subsequent thiophene extractions were made for him 
by Greisheim Chemical Works, Frankfort-am-Main, 
and Frankfort Aniline Dye Works. The thiotolene 
sulfonic acid was. obtained from the extraction of 2000 
kg. of toluene at the Baden Aniline and Soda Company, 
Ludwigshaften, as was the acid of thioxene. It is 
doubtful that this research could have been undertaken 
without this splendid cooperation by industry. 

Because of their occurrence as contaminants in the 
commercial aromatic hydrocarbons, tests for the thio- 
phenes have been of importance since their discovery. 
In “The companion of benzene,” Meyer tells of the 
color produced by the action of nitrous acid on thio- 
phenes, which had been reported to him by his friend 
Carl Liebermann.’ He also states that in addition to 
the indophenine color test, certain other color reactions 
which had been reported for benzene were, in reality, 
produced by thiophene. By November, 1883, (8), 
Meyer was able to say that not only isatin but also sub- 
stances with adjacent carbonyl groups attached to an 
aromatic nucleus will produce color with thiophene. 
The Liebermann test and indophenine test (classical 
example of Meyer’s generalization) remain with us 
today as sensitive tests for the presence of thiophene. 

From the beginning, Meyer’s papers on thiophene 
aroused wide interest in the chemical world. In the fall 





6 Carl Liebermann (1842-1914) worked on the structure of indo- 
phenine in 1907. He is best remembered for his work on dyes 
and for the Liebermann reaction of nitrous acid on phenols. 
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of 1883 his already full research laboratory became 
overcrowded. Of the 106 students doing research work 
in the Zurich Polytechnic laboratory, a large number 
were delegated to the thiophene work, and papers be- 
gan to appear with great rapidity. Meyer’s chief inter- 
est seems to have been the demonstration of the simi- 
larity between the chemical properties of thiophene and 
derivatives and benzene and derivatives, and the prepa- 
ration of derivatives from naturally occurring thio- 
phenes. In 1883 he had attempted the synthesis of 
thiophene from acetylene (9), but this proved a failure 
and he abandoned a synthetic approach. This weak- 
ness in Meyer’s study of the compounds had led to 
some confusion regarding derivatives. His postulation 
of the structure of the compound allowed two isomeric 
monosubstitution products and more isomers of disub- 
stituted thiophenes. In many cases the two mono- 
isomers had been prepared, but the assignment of a 
definite position to the substituent was impossible. 
Following the protocol of chemists of their time, 
other universities refrained from doing research in 
Meyer’s field. However, by 1885, it had become ap- 
parent that he was not engaged in synthesis. In Feb- 
ruary, 1885, Professor Carl Paal’ of the University at 
Erlangen and Jacob Volhard* of Halle simultaneously 





7 Carl Paal (1860-1935). His synthesis described above for 
thiophene is known as the Paal-Knorr synthesis when applied 
to the production of pyrrole. 

8 Jacob Volhard (1834-1910) is remembered for his method of 
quantitative determination of the silver ion and for the Hell- 
Volhard-Zelinsky reaction. 
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published syntheses of thiophene compounds by ring 
closure. The Paal synthesis from 1,4-dicarbonyl com- 
pounds (10) and the Volhard synthesis from sodium 
succinate (11) were both capable of great versatility in 
the preparation of substituted thiophenes. This syn- 
thetic tool for the proof of position did not come too 
soon, for in November, 1885, F. Muhlert, one of Meyer’s 
students, published a discovery that threatened the 
furan-like structure given for thiophene. An “‘a’’-mono- 
carboxylic acid melting at 118° (72) and a “‘”’-monocar- 
boxylic acid melting at 129° (1/3) had been reported. 
Muhlert prepared a third, “y’’-carboxylicacid melting at 
136° (14). Drawing upon the syntheses which had 
heen devised, Meyer made an elegant proof of the struc- 
ture of the carboxylic acids (15) by which the exact 
positions could be given the substituents. From leyu- 
linie acid he synthesized a methyl thiophene with the 
substituent on the carbon adjacent to the sulfur. On 
oxidation, this compound yielded the ‘‘8’’-carboxylic 
acid. By Volhard’s method, the isomeric methyl thio- 
phene with the substituent on the carbon atom once 
removed from the sulfur was prepared from sodium 
methylsuccinate. Oxidation gave the “y’’-acid. The so- 
called a- was found to be a mixture of the other two. 

The period from 1885 through 1888 was the most 
fruitful in the investigation of thiophene. During that 
time the methods of synthesis were described, the posi- 
tion of substituents determined, and many additional 
derivatives prepared. Among the researchers on thio- 
phene at this time, chemists will long remember not 
only the professors, but also Sandmeyer, Gattermann,? 
and Zelinsky,” of Meyer’s laboratory. 

The culmination of Meyer’s work on thiophene was 
the publication in 1888 of his monograph’ “Die Thio- 
phengruppe” (2). From the beginning, he had pointed 
out the similarity of thiophene reactions and benzene 
reactions, and the pages of his book are filled with ex- 
amples. Perhaps the greatest contribution of his book 
is the definition of aromaticity which Meyer gives (16). 
He points out that aromatic compounds are distin- 
guished from aliphatic compounds by characteristic 
reactions, such as nitration and sulfonation, rather than 
the mere content of a benzene ring, and proposes the 
reactions as the criterion for judging whether or not a 
compound is aromatic. By his definition thiophene is 
an aromatic compound. Indeed, modern chemists (/7’) 
describe it as “‘superaromatic”’ because of the relative 
ease with which it undergoes certain reactions. 

The period from 1888 to 1914 saw a less concentrated 
investigation, since the major reactions and simple de- 
rivatives were known. After writing ‘‘Die Thiophen- 
gruppe”’ Meyer transferred his major interest to other 
topics, but it is characteristic of his work that he never 
lost interest in his discovery, five additional articles on 
the subject appearing from his laboratory before his 





® Ludwig Gattermann (1860-1920) gave his name to the 
Gattermann-Koch, the Gattermann aldehyde syntheses, and the 
Gattermann reaction for the preparation of phenyl halides and 
pseudohalides. ; 

10 Nicolai Zelinsky (1861- ) who is remembered for the Hell- 
Volhard-Zelinsky preparation of a-bromo acids. 
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death in 1897. Research reports on thiophene appeared 
from time to time from other laboratories. Paal and 
Volhard continued their investigation, the latter’s work 
branching out to include metallation with mercuric 
oxide (18), which has become a principal method of 
obtaining thiophenes from coal tar and for their quanti- 
tative determination. It is of historical interest to note 
that Johannes Thiele! submitted his dissertation on a 
thiophene compound from Volhard’s laboratory during 
this time (79). 

Throughout his research on thiophene, Meyer was 
watching for a derivative of commercial importance, 
hopefully sending samples of many thiophene deriva- 
tives to his old friend, Heinrich Caro, director of the 
Baden Aniline and Soda Company, one of Germany’s 
major dye concerns. Though none of these was used, 
the first red vat dye found was a thiophene compound, 
thioindigo (20). This derivative of thianaphthene was 
prepared in 1905 by Paul Friedlander, the chemist 
whose error in the original analysis of indophenine had 
brought about Meyer’s spectacular discovery of thio- 
phene. Thianaphthene itself was first prepared. by 
Gattermann in 1893 (2/), who patterned his synthesis 
from one by Komppa.'!? Komppa later prepared and 
studied thianaphthene while Friedlander studied the 
hydroxy-substituted thianaphthenes for the develop- 
ments of the thioindigo dyes. 

In July, 1883, Meyer and Sandmeyer, in attempting 
the synthesis of thiophene from acetylene (9), had ob- 
tained products which gave tests for thiophenes but no 
thiophene itself. In 1914 Wilhelm Steinkopf' an- 
nounced his successful preparation of thiophene from 
acetylene (22). This was the first of a succession of 
fifty-nine articles, ‘Studies on the thiophene series,” 
published by Steinkopf and his students from 1914 to 
1940. Steinkopf’s research was directed toward the 
preparation of the thiophene isologues of a number of 
drugs, those he prepared including the active thio- 
phenes of such drugs as cocaine (23) and atophan .(24). 
It is the new syntheses, reactions, and derivatives that 
make up the bulk of his “Studies on the thiophene 
series.”” The most interesting of these are his studies of 
indophenine. Because he submitted proof for each part 
of the structure he proposed in 1939 (25), it is doubtful 
that it will be refuted as have all previous ones. 

Steinkopf’s interest in thiophene chemistry led him 
to write ‘‘Die Chemie des Thiophens,” which was pub- 
lished in Leipzig in 1942 as Volume LIII of the natural 
science division of ‘‘Wissenschaftliche Forschungsber- 
ichte,’”’ but which has been reprinted in this country as an 
independent work (26). “‘Die Chemie des Thiophens” 
is the only book on thiophene since “Die Thiophen- 
gruppe”’ and extends the work of Meyer. While many 





11 Johannes Thiele (1865-1918) is remembered for his theory 
of partial valence and for the melting-point apparatus which he 


designed. 
12 Gustav Komppa (1867— ) Professor of Chemistry at the 


Finnish Polytechnic. He is noted for the first total synthesis of 


camphor. 
18 Wilhelm Steinkopf (1879- ) Professor of Chemistry at the 


Technical School in Dresden. 
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of the details of thiophene chemistry had been pub- 
lished since 1883, little really new except the synthesis 
has been reported. In “The companion of benzene’’ 
Meyer stated that the physical and chemical properties 
are similar to those of benzene, even though thiophene 
is more ‘active’; he gave the tests still used and the 
structure still accepted. 

Physical chemists have been interested in the simi- 
larity of thiophene to benzene, particularly the role of 
the —S— in lieu of the —CHC=H— group. Studies 
have shown the molecular dimensions (27) and the 
outer electronic configuration (28) of the two groupings 
to be similar. These results would come as no surprise 
to Meyer, who said, in his announcement of the com- 
pound, that the similarity between thiophene and ben- 
zene could be accounted for by the sulfur taking the 
place of two CH units. Utilizing this similarity, the 
thiophene isologue of phenylalanine was prepared in 
1945 (29) in connection with a study of metabolic an- 
tagonists. The fact that it was found to inhibit the 
growth of certain bacteria has had a strong influence on 
subsequent research directed toward the utilization of 
thiophene and its derivatives as biologically active 
agents. 

The announcement in 1946 of the vapor-phase syn- 
thesis of thiophene from butane and sulfur (30) by the 
industrial chemist H. E. Rasmussen and co-workers, 
followed by his announcement of its availability in 
commercial quantities by this process (3/), mark the 
beginning of a new era in the investigation of thiophene. 
The present investigation is characterized by wide in- 
terest displayed in the subject. The extent of the thio- 
phene research now in progress in industrial and aca- 
demic laboratories may be seen in the current issues of 
chemical periodicals. 

This renewal of interest in the subject following the 
development of a commercially feasible synthesis is 
reminiscent of another of Victor Meyer’s discoveries 
(32),.the nitroparaffins. After a rather extensive in- 
vestigation of the alkyl-nitro compounds (made from 
alkyl halides and silver nitrite) by Meyer, the field re- 
mained virtually untouched until a vapor-phase syn- 
thesis from hydrocarbons in 1936 (33) made their com- 
mercial production possible. The wide research stimu- 
lated by their availability led to the many uses which 
we now have for the nitroparaffins. 

The early chemistry of thiophene was dominated by 
two men, Victor Meyer and, to a lesser degree, Wilhelm 
Steinkopf. The only books on the subject were written 
by the two; and this is not the only literary parallel be- 
tween them. Meyer’s brother writes (34): “From his 
youth on, Victor had a special love for the novel, and 
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through all his life he wished in vain to be able to write 
one. Even in the eighties when he stood at the height 
of his fame, we spoke. earnestly of this in connection 
with [Paul] Heyse’s novel ‘The Heart Divided’ which 
particularly interested us. ‘Yes, you will laugh at me,’ 
said Victor, ‘but I would sacrifice all my work on thio- 
phene, if in its place I could produce something like 
this.’”” The year after the publication of “Die Chemie 
des Thiophens,”’ Steinkopf’s second book, the novel 
“Ingeborg von der Linde’”’ (35), appeared, the sale run- 
ning to 69,000 copies—and without having sacrificed 
his work on thiophene. 
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* THE PHOTOCHEMICAL REDUCTION OF 


THIONINE 


Tue reversibility of a chemical reaction can be- 
demonstrated to a large or small audience by the follow- 
ing reaction in water solution: 

_ - + thionine (purple) = Fe+*+* + reduced thionine (color- 
ess 

The reaction proceeds from left to right following the 
absorption of light by the thionine; the reverse reac- 
tion takes place in the dark. Both reactions are rapid 
and sufficiently complete, so that the solution in a well- 
lit room can be made to change from purple to colorless 
and vice versa by turning on and off a photoflood lamp 
placed near the solution; this can be repeated as often 
as desired for the entertainment of the audience. 

The reaction has been studied in detail by E. Rabi- 
nowitch.!? He states that the reversible bleaching 
process is similar to that in the ferrous-iodine system 
but the latter is about one-hundred times slower. “A 
similar reversible bleaching can be observed with other 
thiazine dyestuffs, e. g., methylene blue, calcozine 
(methylene green), toluidine blue, and thiocarmine. 
However, none of these dyes equals thionine in sensi- 
tivity. The sensitivity can be increased by addition of 
substances which form complexes with ferric ions” such 
as sulfuric and phospheric acids, and by lowering the 
pH below unity. The rate of the back (dark) reaction 
is decreased by the formation of these complexes but is 
increased by the addition of ferric ions to the solution. 

“Under favorable conditions, [the] system required 
only a few seconds to reach both its stationary state in 
light and its stable state in the dark. In the absence of 
oxygen, the bleaching is completely reversible: in [the] 
presence of oxygen, the reduced dye is partly reoxidized 
by oxygen with a resulting accumulation of ferric ions 
and a gradual weakening of the effect.” 

The bleaching process can be made to give rise to a 
photogalvanic effect amounting to several tenths of a 
volt between bright platinum electrodes placed in the 
illuminated and dark portions of the solution. How- 
ever, ‘the strongest photogalvanic effects are obtained 
in solutions which show hardly any bleaching at all” 
because in strong light the photogalvanic effect reaches 
a@ maximum between pH 2 and 3, depending upon the 
light intensity, whereas ‘at pH = 2.5 and above, the 
bleaching is no longer recognizable to the eye.’, 

1 RaBinowITcu, E., J. Chem. Phys., 8, 551, 560 (1940). 


2 RaBinowiTcu, E., anv L. F. Epstein, J. Am. Chem. Soc., 63, 
69 (1940). 





A Lecture Demonstration Based on Its 
Reversibility 


LAWRENCE J. HEIDT 


Massachusetts Institute of Technology, Cambridge, 
Massachusetts 


The structural formula of thionine, C,.H,N;S, in 
acid as the monovalent purple cation, thiot, is 


H H 
a. AS TaN 
Met 
a C o ‘cu 
HNO - 4 b=nn, 
nf Sef ba 
H H 


The ion is in equilibrium with several equivalent 
structures with which it resonates, also the blue di- and 
the green tri-valent cations obtained by adding one and 
two protons, respectively, to the two other nitrogen 
atoms of the purple ion,! and dimers of the purple ion.? 
The transfer of one electron to the thionine produces 
semithionine which is believed to be colorless in dilute 
acid in the form of Thio H+. The transfer of two elec- 
trons to thionine produces leucothionine which is pres- 
ent in dilute acid mainly in the form of Thio H and 
Thio Hf. 

The experiment was first designed and used as a lec- 
ture demonstration in the fall of 1942. Since then 
several of my colleagues and others have employed the 
experiment for the same purpose. In particular, Pro- 
fessor Arthur R. Davis demonstrated it to the New 
England Association of Chemistry Teachers at their 
annual conference in the summer of 1945. The details 
of the demonstration, however, have not been pub- 
lished, so they are given here with the hope that this 
will serve to answer the requests of those interested in 
obtaining the information. The experiment also illus- 
trates the dynamic property of opposing reactions, the 
conversion of light into chemical energy and the fading 
of certain dyes in light. 

Reagents. C. p. FeSO.-7H20 or Mohr’s Salt ferrous 
ammonium sulfate and C. p. sulfuric acid. Thionine 
hydrochloride or thionine such as that distributed by 
the Eastman Kodak Company, Rochester, New York. 
The laboratory supply of distilled water or tap water 
free from strong oxidizing agents such as chlorine. 

Stock Solutions. 6 N H.SQ,. A water solution con- 
taining 0.001 mol or 0.23 g. of thionine per liter of solu- 
tion. Thionine solutions are most stable at pH = 3.5 
when kept in glass-stoppered pyrex bottles.” 

Preparation of Solution for the Demonstration. Thor- 
oughly mix together 10 ml. of the 0.001 M thionine 
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Demonstration of Equipment 


Upper: Light off Lower: Light on 





JOURNAL OF CHEMICAL EDUCATION 


solution, 10 ml. off the 6 N H.SO,, sufficient water to 
bring the total volume to 500 ml., and finally about 2 g. 
of the hydrated ferrous sulfate or the equivalent in 
ferrous ion of Mohr’s Salt. E. Rabinowitch (Ref. 1, p. 
554) states that a 1000-watt lamp will completely 
bleach in a few seconds a solution 10~* M in thionine, 
10-2 M in Fet++ and 10-! M in H.SOQ,, or a solution 
1.5 X 10-* M in thionine, 4 X 10-? M in Fe**, 0.2 M 
in H3PQ,, and 10-? M in Fet+*++. The color will return 
to any of these solutions a few seconds after the lamp 
has been turned off. 

Apparatus and Procedure. A colorless glass reaction 
vessel having a capacity near 2 liters, such as a tall-form 
glass beaker or lecture jar, is used to hold the 500 ml. of 
solution. A light shield such as a piece of cardboard is 
fitted around the upper inside or outside of the reaction 
vessel in such a way as to completely screen the lamp 
from the audience. A convenient source of intense 
light is a 250-watt photoflood bulb, which is lowered 
into the reaction vessel until it is about a cm. from the 
surface of the solution. The lamp is connected to the . 
110-v. alternating or direct-current line through a switch 
which is used to turn the lamp on and off. The extent 
of the bleaching can be limited by reducing the intensity. 
of the light falling on the solution, e. g., by dimming the 
lamp, or by increasing the distance between the lamp 
and solution. 





* THE B COMPLEX: 


Te discovery that human and animal food must contain 
certain vital elements in addition to a minimum: of calories and 
proteins was of utmost importance in the conquest of dietary dis- 
eases. The symptoms of beri-beri were described in China about 
2600 B.c. but it was not until 1882 that Takaki cured it in the 
Japanese navy by feeding more vegetables, fish, and meat to the 
sailors. He was totally ignorant of the curative principle of 
these foods, and even in 1911 when Funk originated the term 
“vitamine” for such things, there was no knowledge of their 
exact chemical nature. Today, we not only have an expanding 
alphabet of vitamins but we know the chemical constitution of 
many of them and are able to produce them synthetically. 

From 1920-25 the so-called vitamin B was extracted with 
water or alcohol from rice polishings, wheat germ, yeast, and the 
leaves of several plants. It was the vital factor necessary for 
curing beri-beri and pellagra. However, when heated to about 
118°C. it was no longer effective against beri-beri, but was still 
active for pellagra. Evidently it was a complex and not a simple 
material. Further study revealed that its thiamine content is 
the factor for beri-beri and its nicotine acid for pellagra. But its 
complexity did not stop there for now we know that the B Com- 
plex contains riboflavin, pyridoxine, pantothenic acid, choline, 
inositol, biotin, and folic acid. And the end is not yet in sight 
for the most recent discoveries are the B,. factor and the “‘animal 
protein factor.” 

These discoveries are the culmination of effort in several fields 
of research. One aimed to find the factor in chicken feed which 
produced the most rapid growth in chicks, and the most hatch- 
able eggs from hens. Another was looking for the factor in animal 





1 Reprinted from For Instance, No. 45, 1949, 


feed which produced the best reproduction and lactation in rats. 
And another wanted to know the exact factor in liver which re- 
stored pernicious anemia victims to health. 

Since 1927 it was known that satisfactory chicken feed should 
contain some animal protein, but in 1947 it was found that this 
could be replaced with the product from a fermentation process. 
This product apparently contained the animal protein factor. 
The bacillus for the ferment was obtained from chicken or cow 
manure and such organisms as Streptomyces aureofaciens. After 
concentrating and refining the product from the fermentation 
process it was announced, in July, 1948, that it was also thera- 
peutically active for pernicious anemia. 

In the Spring of 1948 research in England and U.S. A. isolated 
a red, crystalline compound from liver which was active for perni- 


- cious enemia and it was called vitamin By in this country. When 


added to an unsatisfactory diet for rats, it improved lactation 
and reproduction. It improved certain deficient diets for chicks 
but it was not so complete in this respect as the animal protein 
factor obtained from the fermentation process. Therefore, it 
appears that the animal protein factor consists of Bi: plus some 
factor as yet unidentified. 

Subsequent research indicates that the important animal pro- 
tein factor may be produced from many materials by the correct 
fermentation process. This will ensure an adequate and uniform 
supply. Feed manufacturers then will produce special foods so 
that the farmer may convert chicks and porkers into maximum 
quantities of eggs and meat in the shortest possible time. This 
will help to prevent mankinds’s pantry from ever looking like 
Mother Hubbard’s cupboard, and it will provide another factor 
to combat dietary disease. 

Despite recurrent forecasts that the rapidly increasing popula- 
tion of the world is destined for starvation because of insufficient 
food supplies, there seems no need for fear if science is kept active. 
For indeed, it is the province of scientists not simply to maintain 
life, but to maintain it more abundantly. 
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3 QUAL-RACK 


F igure 1 pictures what is known as a “Qual-Rack.” 
It was developed to eliminate the waste of time due to 
cumbersome test-tube manipulations in qualitative 
analysis procedures. The rack has many advantages 
over racks heretofore used from the standpoints of 
both use and manufacture. 

Through its use a complete procedure can be per- 
formed without labeling, marring, or mixing up test 
tubes. The procedure is observable at all times, since 
the tube in question is located in the proper hole for 
each step undertaken. Since the flow sheet is printed 
on the rack, and the rack itself may be easily disman- 
tled; substances can be analyzed quickly without the 
use of a manual. 

The rack is constructed in such a manner that it 
would be impossible to put it together wrong. It may 
be made of any material and have any type of flow- 
sheet arrangement on the top plates. The rack is 
constructed at such an angle that it might be used in 
either a standing or sitting position. The top plates 
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are readily removable, in order that each group of the 
total analysis may be carried on separately. There is 
a clear view of the contents of each tube at all times. 

The rack can be made from posterboard or similar 
cheap material and coated with a plastic material to 
resist acids, water, etc., at a material cost of less than 
five cents. Since it is collapsible it could easily be 
carried in a case as a kit. 

The future of this rack need not be limited to chem- 
istry—or specifically, qualitative analysis—but might 
be adapted to any procedure of analysis or synthesis 
using test tubes and flow sheets, or merely to hold test 
tubes alone. 
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DETERMINATION OF EXACT ATOMIC 
WEIGHTS FROM COMBINING WEIGHTS 


Exxrertments designed to demonstrate the Law of 
Constant Composition are many. They all involve 
the same general principle. The student converts a 
weighed portion of a metal to either an oxide, a chloride, 
or a sulfide. From the weight of the residue the 
composition of the compound can be found, and com- 
parisons of the value obtained with those of other stu- 
dents in the laboratory make quite clear the validity 
of the law in this one case. However, data from such 
experiments may serve another purpose as well. Ina 
semester course given for students who have had chem- 
istry in preparatory school the data obtained in such 
an experiment have been successfully applied to the 
determination of exact atomic weights. 

Students are given samples of either zinc or cadmium 
labeled A and B, respectively. They are instructed 
as to the simplest method for converting the metal to 
the chloride. That is, for zinc a small quantity of 
6 N HCl is advised; for cadmium, aqua regia made 
from 6 N reagents. Solution of a weighed portion of 
the metal, about 1 g., is carried out in a small evaporat- 
ing dish weighed with a small watch glass. Solution is 
easily effected by moderate heating with an open flame. 
Evaporation and final drying of the residue are actcom- 
plished by raising the flame slightly. When cool, the 
residue is weighed to a constant weight. Generally, 
two weighings suffice. All weighings are made to the 
nearest decigram. The data so obtained are first used 
to furnish evidence for the validity of the Law of Con- 
stant Composition. 

In considering the problem of the combining weight 
and the approximate weight from which the exact 
atomic weight of the metal is to be determined, general 
experience in the classroom has led to the conclusion 
that the student does not remotely understand the con- 
nection among these three values. There is no knowl- 
edge of the need of the combining weight and its rela- 
tion to 35.46 g. of chlorine. Furthermore, the student 
has no experience with the determination of an exact 
atomic weight and unless he carries out the de- 
termination in the laboratory, it is a procedure in 
chemistry of which he has but theoretical knowledge. 
The results of the experiment briefly outlined above 
are sufficiently accurate to help remedy these situations. 
The per cent of chlorine in the chlorides of metals A 
and B obtained by the members of the class are tabu- 


A Laboratory Experiment 


RUTH H. ELLIS and EDWARD R. LINNER 
Vassar College, Poughkeepsie, New York 


lated and an average taken. Usually 50 to 75 values 
yield a result that is quite close to the theoretical value. 
These average values areused in determining the approxi- 
mate and exact atomic weights of the metals. (1) 
The combining weight is simply found by (weight of 
metal)/(weight of chlorine) X 35.46. (2) The approxi- 
mate atomic weight is found by the law of Dulong and 
Petit. The values of the specific heats of the metals are 
supplied, or if time is available, it is possible to obtain 


them experimentally, though this procedure does not: 


necessarily add anything to the experiment. For ele- 
ment A (zinc) using 6.3 cal. as the atomic heat and 
0.0924 cal. per g. as the specific heat, the approximate 
atomic weight is 68.2; for B, 0.0549 cal. per g. is the 
specific heat, the approximate atomic weight using the 
law of Dulong and Petit is 114.8. (3) From the com- 
parison of the approximate atomic weight and the com- 
bining weight the exact atomic weight is determined. 
The results of this experiment are of interest. (1) 
To begin with, it must be remembered that the student 
has no knowledge of the nature of the metal. For the 
first time, perhaps, he sees the meaning of the combin- 
ing weight of the element. The average per cent of 
chlorine combined with element A derived from the 
average of 75 values varying from 51.0 per cent to 53.0 
per cent is 51.8 which compares favorably with 
the theoretical value, 52.0 per cent. The combining 
weight of the element from the procedure outlined is 
33.0. The chloride of element B is 38.5 per cent 
chlorine on the basis of 40 values which range from 
37.0 per cent to 39.0 per cent. The theoretical value is 
38.8 per cent. This value yields a combining weight of 
56.6. (2) The relationship between the combining 
weight and the atomic weight is clearly evident when 
these are compared, since the approximate atomic 
weight determined by the law of Dulong and Petit is 
68.2 for A and its combining weight is 33.0 which is 
about one-half the former value. Likewise, the com- 
bining weight of 56.6 obtained for metal B is approxi- 
mately one-half of 114.8, the approximate atomic weight 
of this element. (3).The student’s attention is brought 
to the accuracy of quantitative determinations of the 
per cent of chlorine in the chlorides and to the qualita- 
tive aspects of the law of Dulong and Petit. He finds, of 
course, that the exact atomic weight is 33.0 2 or 66.0; 
that of B is 56.6 X 2 or 113.2. If he consults the periodic 
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table, he will find that from these exact atomic weights, 
A must be zinc and B must be cadmium. The question 
may arise as to whether B is not indium. This is set- 
iled when one notes the atomic weights assigned to 
cadmium and indium and compares the differences 
between each of the assigned weights and the experimen- 
tally determined value. (4) The experiment gives the 
student an opportunity to look for errors in procedure, 
since the exact atomic weights as determined are not 
quite those given in the periodic table. 
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This experiment has been found to be of value. It 
shows clearly the need for combining weight deter- 
minations. It makes quite evident the difference be- 
tween approximate and exact methods and between 
approximate and exact atomic weights. It makes 
simple the concept of approximate and exact molecular 
weights. Finally, the procedure is simple and takes a 
relatively short time. Collection of data for both ex- 
periments can be made in a single three-hour laboratory 


period. 


* TADEUS REICHSTEIN 


Cuemisrry has always been strongly represented 
in the Swiss institutions of higher learning. This 
excellence is being ably maintained by Tadeus Reich- 
stein, internationally known for his work in biological 
and organic chemistry. He was born at Wloclawek, 
Poland, on July 20, 1897. The father had an engineer- 
ing office at Kiev, and the family lived in this Russian 
city until 1905. They then emigrated, first to Berlin, 
and then to Zurich, where a permanent home was estab- 
lished. Swiss citizenship was acquired in 1914. Tad- 
eus and his four younger brothers were taught at home 
by tutors. In 1914 he was sent to the local industrial 
high school to prepare for entrance to the Eidgenéss- 
ische Technische Hochschule (E.T.H.) where he ma- 
triculated in 1916. After his graduation (1920) as 
chemical engineer, he spent one year in practical work 
at a flashlight factory. He then decided that he needed 
more training and that the academic atmosphere was 
more congenial. 

Accordingly, he returned to his alma mater for 
doctorate work, with organic as his major field. The 
degree, Dr. Ing. Chem., was granted in 1922. The 
dissertation, prepared under H. Staudinger (1) appeared 
in 1925 with the title: “Uber das offenkettige Tropin 
und einige seiner Homologen.”’ Dr. Reichstein stayed 
on at the E.T.H. and devoted himself to an extensive 
study! of the aromatic substances of roasted coffee. 
It soon became clear that larger quarters than were 
available at the school were necessary, and a commer- 
cial concern provided a private laboratory where he 
and his assistant could work effectively. Staudinger 
accepted a call to Freiburg in 1925, and was succeeded 
by R. Kuhn, and then in turn by L. Ruzicka. The 
latter persuaded Reichstein (1929) to qualify as part- 
time instructor. He began his teaching career in 
1930 with courses on ‘The methods of organic chem- 
istry” and ‘Heterocyclic compounds.” The work 





1 See Tus JOURNAL, 16, 1 (1939). 
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on the flavoring materials of roasted coffee (published 
only in patents) was completed in 1931, and Reichstein 
then accepted a full time post as assistant to Ruzicka. 
A course in physiological chemistry was added to his pre- 
vious offerings. In 1934 he was advanced to the rank of 
titular (assistant) professor and in 1937 he was named 
extraordinary (associate) professor. The University 
of Basel called him in 1938 to head the department of 
pharmacy and direct the pharmaceutical institute. In 
1946 the laboratories were renovated and equipped in ac- 
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cord with his plans. He lectured on pharmaceutical 
chemistry and conducted the usual laboratory courses in 
pharmaceutical-chemical analysis and preparative work. 
In 1946 he was chosen as ordinarius ‘head) of the organic 
division and director of the organic laboratories. Pend- 
ing the selection of a suitable successor, he continues 
in charge of the pharmaceutical institute. 

Several hundred papers have come from his labora- 
tory in the past 20 years. After the studies on fu- 
ranes, came the first of the great successes: the syn- 
thesis (1933) of l-ascorbic acid. His method is used 
for the commercial production of this vitamin. Impor- 
tant studies on sugars were followed by his outstanding 
investigations of the adrenal cortex. His work threw 
much light on the chemical content and physiological 
significance of the numerous materials that have been 
isolated from this gland. In 1936 he isolated adreno- 
sterone. In 1937 he and his associates obtained nine 
different but closely related compounds from the ad- 
renal cortex, including corticosterone in crystalline 
condition with a biological activity equal to that of 
adrenal cortical extract. All together, he and his as- 


JOURNAL OF CHEMICAL EDUCATION 


sociates have isolated 27 crystalline steroids from the 
adrenal gland; but some of these had previously 
been obtained by Wintersteiner, Kendell and Pfiffner 
in the United States. His studies of hormones led 
to important technical syntheses. Thanks to such 
preparations, Addison’s disease, which is a cortical 
insufficiency due to tuberculosis of the adrénals, is no 
longer necessarily fatal. The investigations of the 
sterin hormones of the adrenals led Reichstein to studies 
of neighboring provinces, especially the cardiac active 
glucosides. About 40 papers have greatly extended 
the knowledge of these interesting complex materials, 
which consist of a sterin and a sugar component. 

Professor Reichstein has been an outstanding trainer 
of chemists. A large number of both foreign and Swiss 
students have learned their profession not only from 
his lectures, but also from his collaboration at the labo- 
ratory bench. He is a specialist in organic manipula- 
tion, and posser3es that rare, guasi-magic touch, whose 
intervention makes stubborn reactions go and unwilling 
liquids crystallize. 


e SEMIMICRO TECHNIQUES FOR HIGH SCHOOLS 


T'ue success of the semimicro technique in the field 
of qualitative analysis has led to its consideration in the 
field of general chemistry, teachers interested in the 
problem of laboratory work in high schools having been 
prominent in this extension.2—> Previous studies con- 
cerning the value of the semimicro technique for the 
high-school chemistry laboratory have stressed results 
obtained in specific laboratories. As a consequence 
the average high-school teacher has many unanswered 
questions concerning the advisability of his using the 
semimicro technique. 

This study has attempted to bring two new ap- 
proaches to the attention of high-school science teach- 
ers to help them reach a decision concerning the advis- 
ability of revising their laboratory method. It has 
seemed important to prepare an operational analysis 
comparing the semimicro technique with the macro 





1 This material was taken from a thesis presented in partial 
fulfillment of the requirements for the degree of Master of Arts 
in Science Education. 

2 WeisBRusH, F. T., School Sci. and Math., 46, 768 (1946). 

8’ WeisBRusH, F. T., ‘“‘Semi-Micro Laboratory Exercises in 
High School,’ D. C. Heath and Company, Boston, 1942. 

4 LAWRENCE, SisteER Mary, anp W. J. Scuruuer, J. Cue. 
Epuc., 18, 543 (1941). 

5 Scurtier, W. J., BT AL., ‘Chemistry Laboratory and Work- 
book, Semi-Micro Methods,’”’ Globe Book Company, New York, 
1945. 
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technique, since a great variety of experiments may be 
formulated once the major operations are specified. 
Secondly, we have asked a number of high-school 
teachers to consider the possibility of using the semi- 
micro technique in their laboratories and to list ques- 
tions which they care to ask in connection with the 
change from macro to semimicro techniques. We have 
attempted to correlate these questions, to answer them, 
and to present these answers to the teachers for their 
appraisal. It is believed that the questions which 
have been raised will be representative of those arising 
in the minds of many high-school teachers. 


OPERATIONAL ANALYSIS 


The major operations of the general chemistry 
laboratory have been listed in Table 1. The table 
entries state the situations where the semimicro tech- 
nique differs from the macro technique as a change in 
the size of equipment; as a change where the normal 
procedure is modified; and finally as a change in which 
an entirely different procedure is introduced. It will 
be noted that in the semimicro technique most opera- 
tions are so closely related to those of the macro method 
that the changes need not be alarming either for the 
student or for the teacher. At the same time the semi- 
micro technique offers several interesting alternate 
operations which enhance the value of the laboratory 
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TABLE 1 
Comparative Operational Analysis 
A simple An entirely 
reduction A modified different 
Laboratory operation in scale procedure procedure 
1. Weighing Ks : at 
2. Measuring volume - is . 
3. Heating 33 - : 
4, Distilling ~s ; 
5. Evaporation 6s = Es 
6. Filtration . . ' 
7. Washing : . 
8. Gas generation * * * 
9. Transfer of material * + 
10. Recrystallization 4 * 
11. Dissolving solids ns 
Total 11 7 3 





work to the student. It may be helpful to list points 
of significant difference in the semimicro and macro 
procedures. 

Measurement of Weight. The semimicro technique 
requires scales sensitive to 0.01 gram. These are not 
expensive and are probably used in many high schools. 

Measurement of Volume. It is not necessary to use 
graduated cylinders larger than the 10-ml. size. More 
interestingly, the volume of a reagent is conveniently 
measured by counting drops, and the student discovers 
the factors which determine the size of a drop. 

Gas volumes are measured by displacement in the 
same manner as in the macro procedures. It is sug- 
gested that the student will have an opportunity to 
use the weight of the displaced water and its density in 
determining gas volume, which of course increases the 
precision of the measurement of this quantity. 

Heating. While many sources recommend semimicro 
burners it has been the experience at Colgate University 
that ordinary Bunsen burners are satisfactory. Since 
small quantities are heated (5-ml. test tubes, 10-ml. 
Erlenmeyer flasks, #000 crucibles, semimicro casseroles, 
etc.) the time consumed in attaining required high 
temperatures (and, for that matter, in cooling) is 
reduced. 

Evaporations are performed very readily in semi- 
micro equipment and it should be quite practical to 
bring each student into contact with both standard 
laboratory evaporation techniques and the more 
modern use of heating lamps. 

A hot-water bath, comprising merely a 250-ml. 
beaker, is effective heating equipment in the semimicro 
technique. 

Filtration. The macro procedures normally are 
limited to the use of filter paper and funnels. Each of 
these is available at the semimicro scale and, in addition, 
the semimicro technique permits efficient use of 
centrifuges, which are comparatively inexpensive due 
to the size of the equipment involved. In addition, the 
student can be readily introduced to pressure filtration 
by using the Barber filtration apparatus.’ ‘This ap- 





® Barser, H.'H., anv T. I. Taytor, “Semi-Micro Qualitative 
Analysis,” Harper and Brothers, New York, 1942. 
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paratus will acquaint the student very readily with the 
effect of various filters since he may use cotton, glass 
wool, or synthetic fibers of the types used in commercial 
filter cloths, and may use filter aids in addition. 

Gas Generation. Semimicro equipment is readily 
used for standard procedures in the generation of such 
gases as hydrogen, oxygen, carbon dioxide, and the 
halogens. In addition, semimicro Kipp generators may 
be purchased or made for the generation of hydrogen 
sulfide, or this gas may be conveniently generated by 
heating a mixture of sulfur and paraffin made porous 
with asbestos. 


HIGH-SCHOOL TEACHERS’ QUESTIONS 


Chemistry teachers in a number of representative 
schools in central New York State were interviewed in 
connection with this problem. At the initial interview 
each teacher was given the operational analysis sub- 
stantially as presented above and a brief summary of 
our tentative opinions. These served as the basis for 
the interview and the teacher was asked to criticize, 
to comment in any generally pertinent manner, and to 
raise any questions which came to his mind at the time. 
These questions, collected and combined, are presented 
in Table 2 below. Initial answers were submitted to 





TABLE 2 


Problems of the Semimicro Method Anticipated by 
Teachers 


Educational Problems 
1. A general science teacher, instructing chemistry classes, 
would hesitate to make such an important change. 
2. Experiments might not be as vivid or perhaps as well seen. 
3. The change from semimicro to macro equipment in later 
4 
5 





courses would be quite difficult. 

Many of the educational problems of the macro method are 
eliminated by a well-run macro laboratory. 

A student derives many benefits from handling chemicals in 
normal amounts. 


Administrative and Disciplinary Problems 

6. Contamination might result from confusing covers on screw 
cap bottles of the reagent kit, or by contact of the pipet with 
other chemicals on test-tube walls and then replacing the 
pipet in its dropping bottle. 

I bottle-flling problem might exist if the same reagent kits 
are used in more than one class. + 

8. The pipets in the dropping bottles might be used as a varia- 

tion of the water pistol. 


Economic Problems 
9. The smaller size of the equipment makes it more fragile. 


Miscellaneous Problems 
10. It is difficult to change. 
11. Often the authorities are unwilling to experiment at all. 
12. Cities in which more than one high school exists mages 
have standardized books and equipment so that one will 
hold no special advantage over the others. 





interested teachers in a second conference and any 
additional points raised in this conference have been 
included in the following comments. 

1. It is hoped that this study will make it easier for 
a general science teacher to understand the questions 
which are raised at the time of making the change from 
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macro to semimicro techniques. The advantages so 
far outweigh any known disadvantages that many 
teachers will feel compelled to make this change. 

2. From the point of view of demonstrations it is 
obvious that the semimicro technique will be useless. 
We note that demonstrations before large groups re- 
quire special apparatus and that this question is really 
not pertinent to the present discussion. It may be 
noted, however, that projection equipment has been 
devised for demonstrating micro techniques.’ The 
authors are of the opinion that students will benefit 
substantially if there is a reversal in the trend toward 
demonstrations as a substitute for individual laboratory 
work, and are further of the opinion that introduction 
of the semimicro technique will make this reversal 
eminently practical. 

3. Lawrence and Schiller® state that students who 
have had initial training in semimicro techniques seem 
fully capable of handling macro techniques in later 
courses. It has been our experience that students 
readily handle both semimicro and macro equipment 
interchangeably. From an educational point of view, 
it would seem that any such difficulty would mean that 
the student was acquiring additional experience. 

4. Our response to the comment that many educa- 
tional problems are eliminated in a well-run laboratory 
using the macro technique is that it seems wise to use 
procedures which make it easier to organize a laboratory 
group effectively. The question of discipline fre- 
quently is related to the size of the group and we believe 
that larger groups can be handled with the semimicro 
technique while maintaining the high standard of dis- 
cipline attained in a small group using the macro 
technique. 

5. Itis believed that the word “normal” here means 
simply traditional. We note that semimicro quantities 
probably approach the norms of professional work for 
physicians and nurses. It is obvious that the change 
from laboratory to tank-car quantities is so great that 
there is no significant difference in comparing the semi- 
micro with the macro quantities in this connection. 
Many industrial problems such as the study of con- 
taminants of a spotty nature require techniques of a 
high degree of refinement. We feel that an early 
introduction to the use of small quantities will be of 
benefit to future industrial technicians and scientists. 
We believe further that the semimicro technique offers 
definite advantages for those students who will have no 
further contact with scientific work either ip school or in 
life in that it develops keener powers of observation 
and a more critical evaluation of observations. 

6. Trouble of course can always arise from an ex- 
change of stoppers. The opportunity for this situation 
is enhanced considerably by the confusion which arises 
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from a group of students clustered around a few large 
reagent bottles. The semimicro technique contem- 
plates approximately individual reagent kits for the 
chemicals frequently used. Our experience indicates 
that the decreased confusion results in much less ex- 
change of bottle stoppers. The student selects the 
reagent bottle only at the instant of using it, thus 
minimizing the hazard of uncertainty. There is, in 
general, only one bottle unstoppered at one time 
making the replacement of the stopper automatic. 

7. Bottles are available in a variety of sizes so that 
the refill problem can be made practically nonexistent. 
The quantities used are so small that the total con- 
sumption of chemicals is less than may be anticipated. 

8. Semimicro reagent bottles are generally so small 
that a student is not apt to use his reagent as ammuni- 
tion for the water pistol. The teacher in charge of the 
class is conscious of refills and will immediately spot 
any extraordinary need for additional material. 

9. It is true that some of the semimicro equipment 
is rather fragile. However, there seems to be no neces- 
sity for using the most fragile items, such as gas absorp- 
tion bulbs. It has been our experience that students 


learn to handle the small equipment and to attain better 


technique rapidly, so that the total breakage is fre- 
quently less than with macro equipment. 

10. Changes are always fraught with some difficulty 
but the change from macro to semimicro procedures 
may well be fun. The additional interest which 
accrues from a change frequently more than compen- 
sates for the difficulty of instituting such a change. 
It is also believed that any difficulty in instituting this 
change will be more than compensated by the decreased 
effort in operating and maintaining the laboratory over 
a period of years. . 

11. There are many compelling reasons for serious 
consideration of the use of the semimicro technique in 
high-school courses. We may note first the matter of 
cost. This has been discussed in a number of publica- 
tions.” 1! Qur cost analysis is not presented in detail 
because its conclusion confirms in general that of the 
cited authors, that there is no substantial difference in 
equipping a laboratory with macro and semimicro 
apparatus. In converting an existing macro laboratory 
into a semimicro laboratory the total cost for a section 
of about 10 students, or any number of such sections 
run one after the other, is of the order of $100 to $150. 
This cost need not all be made in a single year and in 
any event is believed to be not prohibitive. The saving 
of chemicals seems very significant, amounting to at 
least two-thirds of the cost with macro techniques. 
Hence the capital investment is rapidly amortized and 
future savings are assured. The saving in incidental 
costs such as plumbing maintenance, ventilation re- 





7 Dr. C. W. Mason of Cornell University has demonstrated 
micro techniques with special projection equipment before large 
audiences. This, however, requires very specialized equipment 
and training. 

8 LAWRENCE, SisteR Mary, AND W. J. ScuHILuER, Science 
Counselor, 2, 71 (1936). 


9 BEcHTEL, W., AND J. A. Fisner, School Sci. and Math., 42,. 
647 (1941) 

10 ArTHUR, P., J. A. Burrows, O. M. Smiru, ano E. L.. 
Apams, J. CHEM. Epuc., 18, 385 (1941). 

1 Burrows, J. A., O. M. Smira, AND H. THELAN, ibid., 26,.. 
193 (1949). 
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quirements, laboratory furniture maintenance, are in 
themselves very real. In addition we note that the 
small quantities involved in the semimicro technique 
minimize hazards such as explosions from partially 
filled bottles of hydrogen gas, or escape of large quan- 
tities of such toxic materials as hydrogen sulfide or 
chlorine. It is obvious that a student cannot break 
a half-liter bottle of concentrated sulfuric acid if his 
supply is restricted to 15 ml., with the small bottle 
normally left in its place in the reagent kit. It is felt 
that the cost and safety factors are so significantly in 
favor of the semimicro technique that school authorities 
and the citizens from whom they derive authority will 
be impressed with the advantages mentioned. 

12. The existence of more than one high school 
in a city may be an advantage in a transition from 
macro to semimicro procedures in that one school may 
be converted to the semimicro technique while the 
other school uses up the existing stock of macro equip- 
ment. 
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This discussion will not answer all possible questions 
raised by all teachers. We have, however, endeavored 
to discuss all points which have been raised during the 
course of this investigation, and within those limits this 
presentation is substantially complete. We wish to 
thank the following teachers whose sincere cooperation 
has made this study possible: Dr. Dresser, Proctor 
High School, Utica, New York; Mr. Dudleston, Utica 
Free Academy, Utica, New York; Mr. Fillips, Whites- 
boro Central School, Whitesboro, New York; Mr. 
Giltner, Norwick High School, Norwick, New York; 
Mr. Hewitt, Madison Central School, Madison, New 
York; Mr. Knutty,) Whitesboro Central School, 
Whitesboro, New York; Mr. McCabe, Whitesboro 
Central School, Whitesboro, New York; Mrs. Smith, 
Hamilton Central School, Hamilton, New York; Dr. 
Webb, Supervisor of Science, Syracuse, New York; 
Mr. Whitmore, Rome Free Academy, Rome, New 
York. 
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Tere are several disadvantages in taking steam 
directly from a steam line for use in laboratory steam 
distillations. The steam usually contains water and 
oil; the steam valve has a tendency to “creep” shut, 
thereby causing a suck-back; finally, it is dangerous 
to use steam under pressure in glass equipment because 
the condenser may plug with solid distillate. 

A simple, automatic safety trap was designed which 
avoids these difficulties. When this trap is connected 
between the steam source and the distillation flask 
the liquid and solid contaminants of the steam are 
removed; the possibility of suck-back when the steam 
is turned off is eliminated because air enters the trap 
through the water seal; the water seal in the trap also 
serves as an overflow for excess condensate as well as a 
pressure regulator, preventing the development of 
pressure in the distillation apparatus. 

For most laboratory distillations a 12-inch water 
seal has been found satisfactory. This dimension, 
however, may be increased as desired if the steam is to 
be forced against a high hydraulic head as in large 
steam distillation equipment, or when the viscosity 
of the material being distilled or the rate of distillation 
demands a higher steam pressure. 





ee STATISTICAL METHODS IN ANALYTICAL 
CHEMISTRY 


INTRODUCTION 


Statistical methods, as used in the design and inter- 
pretation of chemical experimentation, are not a sub- 
stitute for common sense or for what scientists refer to 
as scientific judgment; they rather constitute an ob- 
jective aid to judgment. In view of the meticulousness 
exhibited by scientific workers in the purely technical 
aspects of their experiments it seems appropriate to 
devote some thought to two further and no less impor- 
tant aspects of experimentation: its design and the 
final interpretation of its outcome. Very often the 
experimenter designs the experiment as it proceeds, act- 
ing on a moment’s intuition. Similarly, the inter- 
pretation of results seldom goes beyond a graphical 
representation or a rudimentary study of data, the 
latter consisting in many cases in ranking studied effects 
in accordance with their observed experimental approxi- 
mations, thus ignoring the possible disturbances caused 
by experimental and systematic errors. Naturally, 
even the most experienced worker is subject to an 
occasionally misleading intuition. The assumption is 
therefore natural, and actually borne out by the facts, 
that many experiments could have resulted in more 
conspicuous and sharper conclusions, had they been 
designed by a carefully constructed plan. 

In taking cognizance of the unavoidable experimental 
errors, rather than in ignoring them or dismissing them 
as negligible, and in attempting a mathematical study 
of the avoidance or the correction of systematic errors, 
statisticians have succeeded, to a certain extent, in 
offering some objective criteria which are invaluable 
in these situations. One of the important by-products 
of these methods is an estimate of the quantity of 
experimental work that is necessary for obtaining 
sufficient factual proof for a scientific hypothesis, such 
an estimate being more objective than the guessing 
technique often used. But among the most important 
contributions of statistical methodology to scientific 
experimentation is the possibility of clearly separating 
the effects of the various variables under study as well 
as the interactions of these variables with regard to the 
measured quantities, from the data resulting from a 
complex experiment. It is clear that this requires 
careful planning. Even before the experiment is 
started, the various possible types of results must be 
_ hypothetically considered from the point of view of the 
questions under study. 





* Presented before the Third Annual Microchemical Sym- 
posium, sponsored by the Metropolitan Microchemical Society 
of New York, on February 28, 1948, in New York City. 
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No pretense is made to treat exhaustively or even to 
illustrate all these points in this discussion. In examin- 
ing two sets of data, selected from work recently done 
at the National Bureau of Standards in connection with 
research on analytical test methods for rubber, we will 
be able, however, to note many important facts relating 
to the design and the interpretation of experiments. 
The first example selected illustrates the principles of 
design, while the second is more concerned with the 
final interpretation of data. It must be emphasized, 
however, that design and interpretation are, in the view 
of the modern statistician, but different phases of one 
fundamental methodology, as will be illustrated in the 
discussion of the examples. 


WATER ABSORPTION TEST ON SYNTHETIC RUBBER 


The test here discussed consists in cutting a specimen 
from a sheet of rubber, dipping it in freshly distilled 
water, blotting it with filter paper, and weighing it. 
The specimen is then submerged in a beaker containing 
distilled water and the beaker is placed in an oven main- 
tained at a constant temperature for a period of 20 
hours. After this period the specimen is placed in 
distilled water at room temperature for 10 minutes, 
blotted with filter paper, and reweighed in a weighing 
bottle. This is certainly not an ideal example of 
precise chemical analysis. We will see, however, that 
the principles involved do not at all depend on the 
particular nature of this test and will apply with the 
same effectiveness to a wide variety of situations com- 
mon in the analytical laboratory. 

Previous results obtained by this test, which is of 
practical importance for GR-S used in wire and cable 
insulation, were very erratic. It was planned, there-- 
fore, to investigate the factors causing variability, the: 
most important of which were considered to be: 


(1) Batch-to-batch variation arising in the vulcaniz-- 
ing process of the raw rubber. 

(2) Sheet-to-sheet variation within batches. 

(3) Specimen-to-specimen variation within sheets. 

(4) The temperature of the oven used in the test. 


Consideration of the first three sources of variability, 
which reflect actual heterogeneity of the material, is. 
necessary, because the application of the test to the 
vulcanized product requires a preliminary treatment of’ 
the raw rubber, viz., compounding and vulcanizing. 

The design as well as the results of the experiment. 
are shown in Table 1. Four batches were prepared,. 


from each of which four sheets of vulcanized material. 
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TABLE 1 
Water Absorption of GR-S for Wire and Cable Insulation, in mg. per cm.? 
Test 
temp., Sheet and specimen 
Batch 26: Al A2 Bi B2 C1 C2 D1 D2 
I 70 1.32 1.30 ae ‘ait 1.32 <: fe ee calwitt 
75 tks ee 1.43 1.46 eka 1.45 eile 1.45 
Il 70 1.30 1.31 ie ete 1.29 a 1.30 ae 
75 mae yard 1.43 1.44 ean 1.47 “apis 1.47 
III 70 1.41 1.42 at mare 1.42 ie 1.41 id 
75 mye a aia 1.56 1.55 Ate! 1.54 mee 1.55 
IV 70 1.42 1.44 eee wife 1.39 ae 1.38 are 
75 vss oo 1.51 1.50 st 1.53 AEKE 1.49 





were obtained. Each sheet was cut in half, thus giving 
two test specimens. In every batch the two specimens 
of the first sheet were tested at 70°C., the two specimens 
of the second sheet at 75°C., while from each of the 
remaining two sheets one specimen was tested at 70°C. 
and the other at 75°C. 

The highly compact nature of this design should be 
noted. In contrast to many experiments carried out 
in analytical laboratories this experiment did not 
consist in the study of one factor at a time; the design 
rather allows all of the variables to vary simultaneously. 
It will be seen that this circumstance in no way impairs 
the value of the experiment. On the contrary, the 
range of validity of the effect attributed to each variable 
is extended by the fact that the effect is observed for 
several values of each of the remaining variables. This 
fact will emerge with greater clarity from the statistical 
analysis of the data of Table 1 to which we now proceed. 

The first step of the analysis consists in the coding of 
the data, by subtracting a constant, conveniently 
chosen, from all values and multiplying the resulting 
numbers by a power of 10, so as to eliminate the decimal 
point. The first transformation obviously does not 
affect the general pattern exhibited by the data and the 
second transformation is merely a change in scale or 
unit. We have chosen 1.30 as the subtractive constant 
and 10? as the multiplicative factor. This elementary 
treatment of the data leads to Table 2, which already 
reveals some remarkable facts to a careful observer. 

In each batch the data relating to the sheets desig- 
nated A and B are especially interesting from the point 
of view of specimen-to-specimen variability. The 
differences between the results of specimens cut from 


the same sheet and tested at the same temperature are 
tabulated in Table 3. Thus, for example, the entry 
3 in this table is the difference between the results 13 
and 16 for the two specimens, both tested at 75°C., 














TABLE 2 
Coded Data from Table 1 
Test pay a 
temp., —— Sheet and specimen———_———~ 
Back 86S -Al AS - BY Bs Cr €e Dit De 
eee Be es ae gr 
75 a nip 13 416 a 15 ¥ 15 
II 70 0 1 ae 2 =) Cee gaged: 
75 i =P 13 «+14 Sh 17 ES 17 
III 70 11 12 -¥ ss 12 oe 11 a 
75 ar ne 26° «= 25 er 24 za 25 
IV 70 12 14 oe ah 9 a 8 4 
75 Em oe 21.....22 i 23 m 19 





of sheet B in batch I. No remarkable pattern is 
exhibited by these eight numbers, the average of which 
is 1.5 or, in the original unit, 0.015 mg./cm.? This 
number represents the average difference between 
duplicate measurements on the same sheet and could 
be taken as a measure of specimen-to-specimen variabil- 
ity. However, a statistically more satisfactory number 
is obtained by computing, from these eight numbers, 
the specimen-to-specimen standard deviation, s, as 
follows: 


(s,)? = Uy aiae + 1* at ee s.. bP. 1.38 





The weighting factor '/2 is necessary because each 
number is the difference of two original observations; 











TABLE 3 
Specimen-to-Specimen Differences. Sheet, Batch and Temperature Effects 
Average 
temp. Test temp. difference 
Batch 70°C 75°C. Batch Sheet 70°C. 75°C. Difference per batch 
I 2 3 I C 2 15 13 
D 5 15 10 11.5 
II 1 1 II C -1 17 18 
D 0 17 17 17.5 
III 1 1 III C 12 24 12 
é D 11 25 14 13.0 
IV 2- 1 IV C 9 23 14 
D 8 19 11 12.5 


Average difference for all batches 13.8 13.8 
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the subscript ¢ refers to the fact that the variability 
thus calculated is the best available measure for the 
test error. The square of the standard deviation is 
known as “‘variance”’; therefore, s*, is the test variance, 
or, more accurately, the variance of the test error. 
It is seen that s, = V1.38 = 1.2, or, in the original unit, 
0.012 mg./cm.? 

Table 3 also contains a rearrangement of the data 
relating to sheets C and D in Table 2, together with some 
elementary combinations of these data. The column 
labeled “Difference” contains differences between the 
results obtained on specimens cut from the same sheet 
but tested at different temperatures. Obviously, 
these differences can only be affected by two factors, 
specimen-to-specimen variability and temperature ef- 
fect. If one remembers that the average specimen-to- 
specimen difference, as previously derived, is 1.5, it 
becomes apparent from examination of these eight 
numbers that a substantial increase in water absorption 
is obtained by raising the test temperature by 5°C. 
It is seen that, on the average, this increase is 13.8, 7. e., 
0.1388 mg./em.? Is this increase consistent between 
sheets of a same batch and between batches? An 
answer to these questions is obtained as follows: 

(a) The over-all variance of these numbers is: 





1/{13* + 10° + ... + 11% — (18 + 10 + ... + 11%} 
8-1 ay 
26.94 
a 3.85 


The weighting factor 1/2 is used to compensate for the 
fact that each of the eight numbers, as a difference of 
two original observations, is subject to two test errors. 
Except for this weighting factor, the quantity corre- 
sponds to the well-known formula:! 


(2 — %)? 
n—l 


Zax? — (Zx?)/n 
n-—1 
(b) The batch-to-batch variance of the differences are: 


11.5? + 17.5? + 13.0? + 12.5? — (11.5 + 17.5 + 138.0 + 12.5)?/4 
4-1 





Here the weighting factor is omitted, because averages 
of two differences are used. This averaging decreases 
the variance in the proportion 1:2, thus canceling the 
initial increase in variance in the proportion 2:1. 

(c) The sheet-to-sheet variance is obtained by com- 
puting: , 


1/,{(138 — 10)? + (18 — 17)? + (14 — 12)? + (14 — 11))] _ 
z = 





5.75 

47 

The value of the weighting factor 1/, is readily ex- 
plained, since each difference in the numerator involves 
four original observations, and therefore four test 
errors. The denominator, in this case, is n rather than 


= 1.44 





1 See references 2 and 4. 
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n—1, because the true average of the differences in the 
numerator, 7. ¢., the average that would be obtained 
if a large number of such differences were available, 
must necessarily be zero. (In the long run, for every 
C exceeding D there must be a D exceeding C by the 
same amount.) Thus, no adjustment is made for the 
mean in the sum of squares in the numerator, and con- 
sequently no “degree of freedom’”? lost in the denom- 
inator. 

The computations just outlined, as well as their inter- 
pretation, are summarized in the ‘‘Analysis of Variance” 
shown in Table 4. 

It is interesting to note that the “sums of squares” 
for sheets and batches add up to the over-all sum of 
squares. This additivity is a general property of the 
sums of squares as well as of the degrees of freedom 
in any analysis of variance table. In this case its appli- 











TABLE 4 
Analysis of Variance of Temperature Effects 
Degrees Sum 
of of Mean 
Source of variability freedom squares square 
Total q 26.94 3.85 
Batch-to-batch 3 21.19 7.06 
Sheet-to-sheet within 
batches + 5.75 1.44 


The mean square for sheet variability is 1.44 as compared to 
1.38 for test error. This close agreement indicates that no sheet- 
— variability of the temperature effect is detectable in the 

ata. 

The batch-to-batch mean square, 7.06, on the other hand, 
exceeds the sheet-to-sheet mean square in the ratio 7.06/1.44 or 
4.9tol. Astatistical table, known as the F-table (see references 
2, 3, 4), shows this value to be not quite significant. It is, how- 
ever, sufficiently large to indicate the possible existence of some 
variation, from batch-to-batch, in the difference in water ab- 
sorption at 70° and 75°C. 





cation would have allowed us to dispense with one of 
the steps (b) or (c). 

The analysis just described by no means exhausts the 
information contained in the data of Table 1. Thus, 
for example, columns 6 and 7 in Table 3 could be treated 
by analysis of variance,’ and several other facts could 
be extracted by a thorough analysis. For our purpose, 
however, which is purely illustrative, the computations 
outlined are believed to suffice. 


ULTRAVIOLET ABSORPTION OF GR-S IN METHYL- 
CYCLOHEXANE 


The second example is a study of the ultraviolet 
absorption of a sample of GR-S synthetic rubber dis- 
solved in methyleyclohexane. Measurements of opti- 
cal density were made on this sample, at a wave length 
of 288 mu, on two consecutive days, for ten different 
concentrations. The total number of measurements 
thus consists of 20 values, shown in columns 2 and 3 
of Table 5. The instrument used was a Beckman 
ultraviolet spectrophotometer. 





2 The concept ‘‘degree of freedom” is more fully explained in 
the next section of this paper. 

3 Such an analysis would reveal that the water absorption value, 
at constant temperature, varies appreciably from batch to batch. 
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TABLE 5 
Ultraviolet Absorption of GR-S in Methylcyclohexane 
Observed Data and Least Squares Fit 


Relative ————————Optical density 














concen- ——————Observed: Calcu- Residuals 

tration, Day One, Day Two, Average,  lated,* X 103, 
x Yi Ye Yo Ye FS=Yo— Ye 
0° 0.017° 0.017 0.017° 0.017 0 
5 0.031 0.036 0.0335 0.042 — 8.5 
10 0.061 0.063 0.062 0.067 — 5 
20 0.117 0.121 0.119 0.116 + 3 
30 0.169 0.169 0.169 0.166 + 3 
40 0.226 0.226 0.226 0.216 +10 
50 0.270 0.267 0.2685 0.266 + 2.5 
60 0.322 0.314 0.318 0.315 + 3 
70 0.363 0.360 0.3615 0.365 — 3.5 
80 0.412 0.418 0.415 0.415 0 
90 0.463 0.453 0.458 0.465 -—7 


* The method of computation is indicated in Table 6. 

> The measurements corresponding to zero relative concentra- 
tion, 7. e., pure solvent in both cells, were made after a preliminary 
statistical analysis of the other data had indicated the existence of 
a significant blank. 





It is well known that according to Beer’s law optical 
density is a linear function of concentration, provided 
that the length of the path through the solution is 
constant. One of the objects of this experiment was 
to test the validity of Beer’s law for the range of con- 
centrations used. 

Figure 1 is a plot of the data, the dots representing 
the measurements made on the first day, the circles 
those of the second day. The zero on the concentra- 
tion axis represents pure solvent. The measurements 
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were made with certified matched cells, one of which 
was filled with pure solvent, and the instrument was 
adjusted by making zero optical density correspond 
to this cell. Therefore the straight line passing through 
the experimental points must also pass through the 
origin. On this graph such a straight line was drawn, 
as closely as possible to the experimental points and 
made to pass through the origin. It is at once apparent 
that this line represents the data rather poorly. It 
looks almost as though two distinct lines would have to 
be drawn, the second starting around 50 concentration 
and making an angle with the first. 

If, on the other hand, we are willing to consider a 
straight line not passing through the origin and to 
compute the exact location of this line by a statistical 
method, known as the method of “least squares,” 
we obtain the picture shown by Figure 2.4 Not only 
is the fit considerably improved but a statistical analy- 
sis of the data shows that the failure of the line to pass 
through the origin cannot reasonably be explained by 
experimental random errors. The intercept on the 
vertical axis thus obtained is 0.017. When this result 
was obtained it became necessary to examine whether 
the matched cells were actually identical. This was 
done by making another pair of duplicate measure- 
ments, filling both cells with pure solvent. The result 
of these measurements was in perfect harmony with 





4 The computations involved in the least squares fit are out- 
lined in Table 6; the calculated values thus obtained are given 
in the fifth column of Table 5. 
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the inference drawn from the graph: a difference of 
exactly 0.017 unit of optical density was obtained be- 
tween the two cells, indicating that the cells were not 
actually matched. 

We will now discuss the statistical analysis which was 
conducted with the purpose of examining the validity 
of Beer’s law for these data, 7. e., the question as to 
whether or not they strictly follow a straight line re- 
lationship. In view of the very satisfactory appear- 
ance of Figure 2 one might question the need for such 
an analysis. It must be observed, however, that the 
appearance of a graph may be misleading, being highly 
dependent upon the scales used. Statistical method- 
ology provides an objective procedure, the underlying 
principles of which we will now discuss. The com- 
putational details of the analysis are given in Table 6. 

Consider any one of the experimental points. We 
may inquire for what reason or reasons it fails to lie 
on the fitted straight line. There are two apparent 
answers: experimental errors or real nonlinearity of 
the data, and it is quite possible that both these answers 
are correct, each explaining part of the deviation of 
the point from the line. The object of the analysis, 
then, is to estimate the extent to which each of these 
causes contributes to the total deviation, and to 
appraise the second on the basis of the first, 7. ¢., to 
appraise possible departures from linearity in the light 
of purely experimental errors. 

The total effect, due to both causes operating simul- 
taneously, or “total variability,’’ can be measured by 
the vertical distance between an experimental point 
and the straight line. Statistical theory shows that 





TABLE 6 
Computations on Observed Data from Table 5 





A. Least Squares 
The object is to determine the coefficients b and a in the equa- 
tion of the fitted line y, = br + a. 


» > > 
s ish SD 
stad n 48.27 
b Peete (52)? = 9705. = 0.004974 
art ae 
Lu — br: QP 0.1845 = 0.017 





ro n eae 


The y- values in Table 5 were obtained by setting successively 
x = 0,5, 10, ..., 90 in the equation 


ye = 0.0049742 + 0.017 


B. Analysis of Variance ’ 
Total variability: 


Z(yr_ — ye)? + Dye — ye)? _ 715 _ 





Experimental error: 


"Zw — yr)? _ 131.5 _ 


11 11 
Departure from linearity: 


22 (yo — ye)? _ 226% _ 583.5 
9 9 9 





12 


= 65 
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TABLE 7 


Ultraviolet Absorption of GR-S in Methylcyclohexane 
Analysis of Variance 








Degrees of Sum of Mean 
Source of variation freedom squares square 
Variability within duplicates 11 131.5 12 
Variability due to departure 9 583.5 65 
from linearity 
Total variability 20 715 
Test for goodness of fit: 
Variance-ratio = F = = 5.4 


The F table (see references 2, 3, 4) shows that the probability 
of obtaining an F value greater than 2.90 is 5%, and that the prob- 
ability of obtaining an F value greater than 4.63 is 1%. 





the adequate way of including all points is to sum the 
squares of all these vertical distances. There are 22 
such distances,> but since the location of the straight 
line was inferred from the data and since a straight 
line has two parameters, intercept and slope, only 20 
of the 22 distances are relevant in judging departure 
from the line. We indicate this by the statement that 
the total sum of squares is based on 20 degrees of free- 
dom. Proceeding to the analysis of this variability 
into its two component parts, we first consider the 
purely experimental errors. These can be adequately 
measured, for each point, by the difference between 
duplicate measurements. Again it can be shown that 
the squares of these differences, weighted by the factor 
1/,, since each difference involves two measurements, 
must be added for all points, yielding the ‘sum of 
squares within duplicates.” Here the number of 
degrees of freedom is 11, corresponding to the 11 pairs 
of duplicates. Finally, the effect of nonlinearity is 
measured for each concentration by the vertical dis- 
tance of the mean of duplicates from the straight line. 
And again the squares of all these differences are added, 
after weighting by the factor 2, to compensate for the 
decrease in variability due to averaging. There are 
11 such differences, but again 2 degrees of freedom are 
lost in the intercept and the slope of the fitted line, 
leaving 9 degrees of freedom for the “sum of squares 
for departure from linearity.” 

Table 7 exhibits these three sums of squares: total 
variability with 20 degrees of freedom, variability 
within duplicates with 11 degrees of freedom, and vari- 
ability due to departure from linearity with 9 degrees 
of freedom. In the last column, headed ‘Mean 
squares,” two of these three sums of squares are reduced 
to a common scale through division by the correspond- 
ing degrees of freedom. Before drawing the final con- 
clusion from Table 7 we must make an important re- 
mark: namely, that the mean square corresponding 
to departure from linearity measures not only this 
effect of nonlinearity but also experimental error. 
Indeed, the mean of a set of duplicate measurements 
is necessarily affected by whatever random errors are 





5 Including the two measurements made with pure solvent in 
both cells. 
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inherent in each of the two measurements. This is an 
extremely valuable fact, for it enables us to judge the 
extent of nonlinearity, simply by considering how much 
greater the second mean square is than the first. This 
is done on the bottom of Table 7, where the ratio F 
of the second mean square to the first is computed. 
If the data were perfectly linear this ratio would be 
unity, except for random fluctuations. In the case at 
hand we find a value of F equal to 5.4. Now, the 
extent to which random fluctuations affect the ratio 
F can be mathematically determined. It turns out 
that due to chance fluctuations alone F would not, in 
our case, exceed the value 2.9 more than five times in a 
hundred, nor the value 4.63 more than once in a 
hundred times. Since the value here obtained is 
greater than 4.63 we are compelled to attribute the 
excess of the second mean square over the first to more 
than mere chance, in this case to real nonlinearity.6 We 
have not, however, estimated the degree of nonlinearity 
of our data. The statistical analysis has merely 
shown that in all likelihood nonlinearity is present; 
whether this is of practical importance is a matter for 
the chemical investigator to decide, in the light of the 
over-all object of the problem. Since the example dis- 
cussed here was merely given as an illustration for the 
application of a statistical method it will not be neces- 
sary to discuss the point in our case. We may observe, 


however, that additional evidence for departure from 
strict linearity can be obtained by studying the signs of 
the “residuals,” 7. e., the differences between the ob- 


served values and those inferred from the fitted straight 
line. These differences are shown in the last column 
of Table 5. Note the succession of signs. The experi- 
mental points start out below the line, as shown by 





6 The possibility that errors in the concentration values, 1. e., 
pipeting errors, are responsible for nonlinearity must be rejected, 
as such errors are of a much lower order of magnitude than the 
observed departure from linearity. The smallest pipet used was 
of 5 ml. capacity. 
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the negative signs of the first differences. They then 
rise above the line, as shown by five positive differ- 
ences. Finally, they drop again below the line, which 
gives rise to the tendency toward negative differences 
at the end of the table. We are naturally led to the 
conclusion that the data, rather than following a 
straight line relationship, lie along a somewhat curved 
line. 


CONCLUSION 


We have seen in the preceding discussion that the use 
of statistical methods in scientific experimentation does 
not require vast amounts of data. Rather on the 
contrary, a carefully designed experiment based on 
statistical principles will require less experimental 
work than the usual procedure of examining one factor 
at a time, while at the same time allowing the drawing 
of several conclusions from the same body of data. 
By thus examining every factor for various combina- 
tions of values of the remaining factors it is possible 
not only to obtain conclusions valid over a wider range 
of circumstances but also to draw conclusions relating 
to the differential way in which variation of one variable 
influences the effect of another variable. We have 
seen, furthermore, that statistical methodology provides 
objective means for testing the strict validity of certain 
given theoretical relationships for given sets of data, 
and that such tests can be based on rather limited num- 
bers of experimental values. 
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MIX PAINT BY SOUND 


Hicu frequency sound waves, pitched ten times above the 
sound range audible to the human ear, may hold the answer to 
preventing paint from settling in the package—one of the prob- 
lems that paint manufacturers have been trying to overcome 
since the first ready-mixed paint was offered to the public in 1873. 

So-called package stability which would end the need for 
stirring paints before use, however, is only one of the things that 
may come from the present laboratory study by research chemists 
of the Sherwin-Williams Laboratories. The better dispersion of 
the oils and pigments in the paint might easily result in an end 
to the phenomenon of ‘flooding and floating.” 


For the experimental work, a 2,000-watt sound-generator with 
a speed of 150,000 revolutions per minute has been built. The 
machine contains 60 small cone-shaped holes spaced evenly 
around its stationary head. At maximum speed, it develops 
150,000 cycles per second. The pitch audible to the human ear 
is between 15,000 and 20,000 cycles per second. 

The sound waves are so powerful that a piece of cotton placed 
over the throat of the sound generator will ignite in a few seconds 
and heat created by the machine will boil water in five or six 
minutes. In terms of electrical energy, the test generator pro- 
duces enough power to light 50 ordinary 40-watt household lamps. 





& A CONVERTIBLE PERIODIC TABLE 


In rEcENT years, the extended type of periodic table, 
having all of the elements of each period on a single 
horizontal line, has become popular. This modification 
has a number of advantages over the older or Mende- 
leev type but, in the experience of the author, has the 
disadvantage of being less readily understood by be- 
ginning students. The cause of this difficulty is prob- 
ably the failure of most elementary textbooks to ex- 
plain the relationship between the two forms of the 
table in sufficient detail. 

In the opinion of the author, the fact that a period, 
in either form of the table, consists of elements having 
the same number of electron levels has not been suffi- 
ciently emphasized. He has been surprised to find, in 
showing to other teachers the device which is about to 
be described, that many of them were either not aware 
of this fact or did not realize its importance in explain- 
ing the transition from the condensed to the extended 
type of table. 

In an effort to make clear how the new type of table 
has been evolved from the old, the author has designed 
a periodic table having movable parts constructed so 
that, by merely changing their position, either type of 
table may be formed. Figure 1 shows the parts ar- 


ranged in the condensed or Mendeleev form. Figure 2 
shows the device with the movable parts out of posi- 
tion. Figure 3 shows the parts arranged in the newer 
extended form. 





Figure 1 


FRED. Y. HERRON 
University of Pittsburgh, Pittsburgh, Pennsylvania 


























Figure 2 


This device is not intended to be a complete periodic 
table. Its purpose is merely to show the relationship 
between the two forms. For this reason it has been 
simplified as much as possible. Only the atomic num- 
ber and the number of electron levels are given and the 
lanthanide and actinide series are not shown in detail 
although their positions in the body of the table are in- 
dicated. It emphasizes the facts that, in the newer form 
the elements are arranged in order of their atomic num- 
bers just as in the old form; that a period in either form 
consists of elements having the same number of electron 
levels, and that the principal novelty in the newer form 
is the placing of all the elements of each period on a 
single line. 
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The table pictured in the accompanying photographs 
was made on a !/,-in. plywood base painted white, 
while the lettered portions were made of 1/,-in. beaver 
board also painted white. The fixed portions were 
nailed to the wood base. The movable pieces have 
holes drilled in them by means of which they hang on 
small finishing nails driven into the base. These nails 
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and holes are so located that each movable piece may 
hang in either of two positions depending upon which 
type of table is to be illustrated. The lettering and lines 
are all in black except the figures indicating the number 
of electron levels which are in red for emphasis. The 
over-all size of the table is approximately 48 by 29 in., 
each of the small divisions being 2'/: in. square. 


* LECTURE DEMONSTRATION OF ORE FLOTATION’ 


i 


Tue flotation process has had marked success in the 
concentration of wanted metal sulfide containing miner- 
als from unwanted siliceous or calcarious matter. 
Selective flotation attains separation of the various 
metal sulfides. Additional expansion of the flotation 
process of separating minerals is now in the field of 
nonmetallics; examples are flotation of calcium phos- 
phate from siliceous impurity and even flotation of 
potassiuin feldspar from quartz.. As use of the flotation 
process has expanded in industry, the importance of 
teaching the subject in a general chemistry course has 
increased. An accessory of good teaching is demon- 
stration. 

Various supply houses manufacture small size labora- 
tory test flotation cells. The metallurgical or chemical 
engineering departments of most schools have such cells 
for flotation concentration of ore samples. Most of 
these test cells are of a size such that they can be 
carried to a chemistry lecture table. It is suggested, 
then, that a chemistry department buy or borrow such 
a cell for lecture demonstration. A unit cell that has 
been found particularly useful in demonstration to 
large groups is the Fagergren Laboratory Test Machine 
of the American Cyanamid Company, which flotation 
testing unit is herewith pictured. 

For student lecture demonstration we proceed as 
follows. A few pounds of galena (PbS) ore is ground to 
100 mesh. Several pounds of fairly pure quartz 
(SiO) is ground similarly. The ground materials are 
separately bottled. A mix of 50 g. ground galena to 
350 g. of ground quartz is placed ‘in a third bottle to 
simulate a lead sulfide-quartz ground ore. The 400 g. 
of galena and quartz mix is poured into about 2 liters of 
water in the bowl of the test machine, and thence agita- 
tion started. The pulp consistency and the ratio of 
sulfide mineral to siliceous gangue may vary consider- 
ably. Instead of compounding a specimen as here 
suggested, an actual sulfide ore may be ground for 
demonstration of flotation concentration. 





1 Presented at the Symposium on Lecture Demonstrations be- 
fore the Division of Chemical Education at the 115th Meeting 
of the American Chemical Society in San Francisco, March 27- 
April 1, 1949. 


WILLIAM E. CALDWELL 
Oregon State College, Corvallis, Oregon 





Fagergren Laboratory Test Machine 


During initial agitation, an air entry pet cock on the 
vertical stem of the rotor is kept closed. Froma medi- 
cine dropper about 2 drops of a pine oil are added to the 
pulp and a pinch (mayhaps 0.1 g.) of some potassium 
xanthate. Some frothing occurs, but the main frothing 
and flow of surface froth over spillway into the catch- 
ing container does not take place until the air pet 
cock is opened. In use of a lead sulfide containing 
pulp, the froth will be definitely gray to black in con- 
trast to the brown or whitish quartz material that will 
remain in the bowl. A cork in the bottom of the bowl 
may be removed to sample the bottom material. 

After demonstration of the flotation process the 
student is receptive to discussion of flotation. 





THE LAURITSEN QUARTZ-FIBER 
ELECTROSCOPE 


Tue availability of radioisotopes produced in the Oak 
Ridge slow-neutron pile and allocated by the U. S. 
Atomic Energy Commission (1) has greatly increased 
the use of such isotopes, not only in fundamental and 
applied research, but also in the classroom for instruc- 
tional purposes. The relatively low cost, both of these 
radioisotopes and of the electroscope with which they 
may be detected and studied, affords even the small 
university or college an opportunity for the introduc- 
tion: of interesting, basic concepts of radioactivity and 
nuclear chemistry into undergraduate curriculum. 

The Lauritsen quartz-fiber electroscope is especially 
suitable for equipping the small research or instructional 
laboratory in which radioactivity measurements are 
to be made, inasmuch as this instrument is economical 
in cost and free from the maintenance problems com- 
monly associated with nearly all other types of nuclear 
detectors. Accordingly, it is the purpose of this paper 
to describe the principle, operation, and calibration of 
this type of electroscope, and to indicate a convenient 
arrangement for its application to experiments with 
radioactive substances. 


PRINCIPLE 


The Lauritsen electroscope (2) functions on the same 
principle as the familiar gold-leaf electroscope, but the 
former is superior in sensitivity, stability, ruggedness, 
and scale-linearity. As indicated in Figure 1, the 
Lauritsen electroscope in its commercially manufactured 
form! consists of an air-filled ionization chamber equip- 
ped with a quartz-fiber system, which acts as a sensitive 
voltmeter of low capacitance, and a ground-glass win- 
dow to admit light for observation of the fiber, together 
with a low power (ca. 50 X) microscope for viewing the 
displacement of the fiber? against a graduated scale in 
the eyepiece. An external temporary source of about 
200 volts d. c., such as a battery or vacuum tube rec- 
tifier, is needed for charging the electroscope. Figure 
2 gives a circuit diagram for an inexpensive a.-c. operated 
rectifier charger,’ including a white pilot light which 
serves to illuminate the fiber. 





1 The Lauritsen electroscope, Model 1, is manufactured and 
sold by the Fred C. Henson Company, 3311 E. Colorado Street, 
Pasadena, California. The price is about $50, exclusive of the 
charging device. For general laboratory purposes the sensitivity 
should be specified in the range from 2-3 divisions per minute per 
millicurie of radium gamma radiation at one meter. 

2 A second quartz fiber is fused at right angles to the free end 
of the main fiber, and this cross fiber is observed in the microscope. 

3 A similar vacuum tube charger is sold by the Henson Com- 
pany (see footnote 1) for about $25. Friction chargers are also 
obtainable from this source. 
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In use a charging voltage V is initially applied to the 
quartz fiber (covered with a thin coat of gold to make it 
a conductor) and its metallic supporting arm, both of 
which are insulated by a quartz, amber, sulfur, or poly- 
styrene insulator from the chamber wall. The mutual 
electrostatic repulsion deflects the fiber away frem the 
stationary arm. In the presence of ionizing radiations 
the gas inside the chamber is ionized and ions of the 
opposite sign are collected by the charged fiber system. 
The reduced charge on the fiber system results in a 
displacement of the fiber toward its uncharged position, 
the restoring force being the elasticity of the bent 
fiber, and the rate of motion of the fiber is a measure of 
the intensity of the radiations being measured. Inas- 


much as the capacitance C of the fiber system is nearly — 


constant, the decrease.in voltage, AV, for a collected 
charge, g, is AV = g/C. In the typical Lauritsen 
electroscope C is about 0.5 cm., or 0.5 X 10~?? farad. 
(0.5 uuf.), so the voltage sensitivity is very high and 
only a small charge transfer is needed to cause consider- 
able deflection. For example, about 2000 radioactive 
disintegrations per minute (33 microrutherfords‘) 
of a 2-Mev. beta emitter, located so 50 per cent of the 
beta particles enter the ionization chamber, will pro- 
duce a deflection comparable with the natural back- 
ground: assuming each beta particle travels an average 
distance of 5 cm. in the air inside the chamber, produc- 
ing an average 50 ion pairs per cm., and that the voltage 
is high enough to give a saturation current (no ion re- 
combination), the charge collected by the fiber system 
per second is 2000 betas/m. X 1 m./60 s. X 0.50 
x 50 ion pairs/em.-beta X 5 cm. X 1.6 X 10-7” 
coulomb/ion = 7 X 10-* coulomb/s.; the rate 
of voltage decrease is then 7 X 10—'* coulomb sec.—!/ 
0.5 X 10-1? farad. = 0.0014 volt/s., and for a voltage 
sensitivity of 1 division per volt this corresponds to 
0.0014 div./s., or about equal to normal background. 
(It may be noted that the same sample counted on a 
Geiger-Mueller counter at 50 per cent geometry would 
give a counting rate of about 1000 counts per minute, 





4 The rutherford, rd., has been defined in this country (3) as 
that amount of any radioisotope which is undergoing one million 
disintegrations per second, and the use of this unit is rapidly 
gaining recognition. The older unit, the “‘curie,” c., originally 
defined as the amount of radon in radioactive equilibrium with 
one gram of radium, has been assigned the arbitrary value 3.7 X 
10 div./s. by most investigators in this country, although the 
actual disintegration rate of one gram of pure radium is now 
known with greater precision and is slightly less than the above 
number. International Committees have not yet been able to 
agree upon the names and values of radioactivity units. 
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Figure 1. 


or some 10 to 100 times the counter background, showing 
that the electroscope is roughly only one-tenth as 
sensitive to average beta radiations as is the G-M coun- 
ter.) Because the electroscope can handle activities up 
to about 3 div./s., the range without change in sample- 
detector geometry is about 3/0.003 = 1000-fold. 

Ordinarily the instrument is used only for relative 
measurements, but it may be used for the determination 
of absolute disintegration rates if calibrated with a 
proper standard sample under identical conditions of 
sample mounting, geometry, etc. 


SETTING UP AND ADJUSTING THE INSTRUMENT 


The electroscope should be mounted firmly on a base 
of convenient height along with a sample holder and 
small light source. We have found the arrangement 
shown in Figures 3 and 4 very satisfactory, both for 
student use and for research. The charging unit is 
located inside the wooden-box base, A, to the back of 
which is attached a 6-volt pilot light, B, for illumination 
of the fiber. All controls are mounted on the front 
panel: master power toggle switch, C, light intensity 
potentiometer control, D, charging voltage potenti- 
ometer control, Z, and charging button (on bakelite 
extension rod), F. A transparent shield, G, equipped 
with a side door for loading and unloading samples and 
absorbers, is constructed by cementing together 
'/y-inch or '/s-inch lucite sheets (a less expensive shield 
may be fabricated by stretching colorless cellophane 
sheeting over a metal-rod frame); this shield serves to 
reduce the effect of drafts and to keep the instrument 
irom gathering dust. A lucite (or metal) sample holder, 
1, with five sets of slots for different geometries, is 
screwed to the wooden base just under the ionization 
chamber. Unless the electroscope is to be used only for 


Cross Section of Lauritsen Quartz-Fiber Electroscope 


gamma detection,°® the can should be carefully removed 
and a semicylindrical hole about 6 cm. long by 5 cm. 
across cut in it with a jeweler’s saw; after removing 
any burrs and cleaning out the can with hexane, coat 
the edges of the hole with an adhesive such as Duco 
household cement and roll the can onto a thin aluminum 
foil (1-2 mg./cm.? thickness is convenient and passes 
all but very weak beta particles—a measured area of 
pinhole-free foil should be weighed on an analytical 
balance before cementing it onto the can). Trim off 
any excess foil, being sure there are no uncemented 
openings, then carefully reinstall the can with the foil 
window, J, downward. The chamber of the electro- 
scope may readily be modified for special purposes, such 
as has been done, for example, by Henriques and 


5 The ‘‘can” supplied commercially has a wall thickness of 
0.15 g./em.? aluminum, which is sufficient to stop all beta radia- 
tions of maximum energy (EZ,,) below 0.45 Mev. A special thin- 
window can is sold by the Henson Company. Because of the 
correspondingly smaller specific ionization produced by gammas, 
the electroscope will be very roughly 100 times less sensitive to 
gammas than to betas. 
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Figure 2. Circuit Diagram for Electroscope Charger 








Figure 3. Side View of Electroscope Arrangement 


Margnetti (4) in adapting the instrument for the meas- 
urement of C!‘ as carbon dioxide gas. 

Charge the electroscope and focus the eyepiece, 
J, on the fiber. If a satisfactory focus cannot be thus 
achieved, loosen knob K and slowly move the objective 
lens front or back to produce a sharp focus (@nce each 
adjustment is made it need not be made again; the 
instrument is generally received with these adjustments 
already made). 

The pilot light illumination may be adjusted to suit 
each user’s preference. 

A timer, L, good to 1/19 second, such as a stop-watch 
or synchronous clock, is desirable for timing the rate 
of displacement of the fiber. 


CHARGING AND READING THE ELECTROSCOPE 


After turning on the master power switch, turn on the 
charger and wait about 30 seconds for the vacuum tube 
to warm up. While depressing the charging button 
and while looking into the eyepiece, rotate the charger 
voltage control until the fiber is near zero on the scale, 
then release the charging button and turn off the charg- 


ing unit. Immediately following charging, the fiber 
may be seen to move up the scale more rapidly than is 
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normal in the absence of a radioactive sample; this is 
caused by polarization of the insulator dielectric. 
Hence, accurate readings cannot be taken until the 
insulator becomes “saturated” or “equilibrated.” 
This ‘‘soak-in” time may be determined by taking 
readings at 0.5-minute intervals for about 40 minutes. 
If the electroscope has not previously been charged 
within about one hour, the equilibration time may be 
about 20 minutes in a typical case, whereas only about 
a 5-minute wait is required if the electroscope has been 
more recently charged. The waiting time depends upon 
the precision desired, and for the highest precision the 
electroscope should be charged a day in advance. 

The scale is marked with large graduations numbered 
0, 1, 2, ... 10, with each large graduation marked off 
into ten divisions not numbered. It is commonly 
conventional among many nuclear chemists to call 
these large graduations 0, 10, 20, ... 100, so that each 
of the finest marked graduations represents one 
division, and this policy is followed in this article. 
With practice, the position of the fiber may be estimated 
to 0.1-0.2 division. 

In making a reading one determines either the time 
taken for the fiber to be displaced between two given 
scale readings (most accurate procedure), or the number 
of divisions displacement in a given time. Customar- 
ily the result is expressed as so many divisions per 
second, e. g., 10.5 div./s. Generally, the precision of a 
measurement made on a Lauritsen electroscope is not 
better than 2 per cent standard deviation, although 
0.5 per cent may be attained with practice, care, and the 
use of the same two division marks for a constant dis- 
placement. (Occasionally one may notice erratic 
motion of the fiber; this results from thermal convection 
currents inside the ionization chamber arising from 
temperature gradients. Consequently, the instrument 
should be located in draft-free locations, away from hot 
or cold objects, and direct sunlight.) The readingis best 
made after the radioactive sample has been placed in 
the holder and the fiber allowed to move a few divisions. 

Samples may be conveniently mounted on copper 
or aluminum planchets, or filter paper, or on 1-inch 
watch glasses, each affixed to the center of a sample 
card‘ and covered with a cellophane cover scotch cellu- 
lose-taped in place to prevent contamination spread. 
The card should be marked with the sample number and 
with two arrows at right angles to each other; the card 
is always placed in the holder with the arrows pointing 
in the same two directions with respect to the holder, 
and gently pushed so as to contact the holder back 
and side to which the arrows point, thus assuring re- 
producible geometry. 


CALIBRATION FOR NONLINEARITY OF SCALE 


Usually the scale of a Lauritsen electroscope is linear 
to within 1 per cent over the range 0-50 divisions, be- 


® No. 40 (*/i-inch thickness) plain utility chip board, accu- 
rately back-cut to 21/2 inch X 3'/2 inch, is appropriate, and may 
be obtained from paper supply houses cut to size at about $15 
per 10,000 cards. 
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coming increasingly nonlinear beyond 50 divisions. 
For precise work a nonlinearity correction should be 
applied, unless one is always taking readings between 
the same two divisions, in which case the reciprocals of 
the times for discharge between these fixed divisions 
give directly the relative intensities or “activities.” 
If a seale calibration is desired the following procedure 
may be employed. 

1. Use a radioactive source with negligible decay 
during the time of calibration and of such strength and 
location as to give an observed activity of about 
().05-0.1 div./s. (Weaker samples may be used but the 
time required for the calibration becomes too long.) 

2. After charging electroscope allow time for the 
fiber system to equilibrate before taking readings. 

3. Accurately determine the time for the fiber to 
trasverse the interval from 0.0 to 10.0, from 10.0 
io 20.0, etc. Repeat atleast once. The standard devi- 
ation for each interval is usually less than1.5 per cent. 

4. Calculate the sensitivity in div./s. for each scale 
interval, and plot as ordinate versus divisions as abs- 
cissa. An example of such a plot is shown in Figure 5. 


Mention should be made of the fact that the sensitiv- 
ity also depends upon the sample strength. However, 
the sensitivity is practically independent of intensity 
for samples giving readings below about 2 div./s. 


BACKGROUND CORRECTION 


Essentially every radioactivity detection device, 
including the electroscope, gives a reading showing 
apparent radioactivity even in the absence of a radio- 
active sample. This “background” is due to cosmic 
radiation and to natural radioactive substances in the 
materials of construction (and often to contamination 
of the instrument by radioactive samples). In addi- 
tion, the electroscope insulation system is not a perfect 
insulator, although this contributes negligibly to the 
background. Lauritsen electroscopes used without 
lead or other shielding generally have backgrounds of 
0.001-0.005 div./s., reasonably constant over a given 
day and often much longer. Once a day the back- 
ground should be determined (be sure no samples are 
near the electroscope), and the value obtained should 
be subtracted from other readings made that day in 
order to get the discharge of the fiber arising from the 
radioactivity of the samples themselves. 


REPAIRING THE INSTRUMENT 


Inasmuch as the instrument is fairly rugged and may 
be moved about without damage, maintenance is not a 
serious problem. However, certain repairs may occa- 
sionally be required. 

Erratic behavior of the fiber, or “creeping” at an 
excessive rate in the absence of samples, may be caused 
by partial flaking off of the gold plate on the quartz 
fiber. Unless one is skilled at such work, the repair 
is best made at the factory. Sometimes the same 
effect is produced by lint or hairs left inside thé cham- 
ber; these can be removed by blowing air from a rubber 
bulb very gently on the fiber system and can. 
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If the fiber will not come into view upon charging, 
first be sure the eyepiece or objective lens has not 
accidentally been altered, then check with a d.-c. volt- 
meter to be sure the charger is giving enough voltage. 
If neither is found to be the cause, then it is probable 
that the fiber has become tangled about the supporting 
arm or even broken as a result of sudden moving or 
other rough handling of the instrument. Remove the 
can in a room as free as possible from dust and drafts 
(be careful not to breathe on the fiber system) and 
examine the quartz fiber with a magnifying lens (the 
fiber is barely visible to the unaided eye). If it is 
tangled about the arm free it by gentle blowing with air 
from a rubber bulb; never try to untangle the fiber with 
a probe or other mechanical means. The can should 
be removed as seldom as possible, for there is always 
some chance of damage to the gold coat in this opera- 
tion. 

Damaged foil windows may be replaced in the manner 
used for the original installation. 

Students should be cautioned, (a) to avoid denting or 
punching a hole in the foil window with the fingers, 
sample card, and absorbers, (b) not to change any 
adjustments other than light intensity, (c) to refrain 





Figure 4. Panel View of Electroscope Arrangement 
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Figure 5. Example of Electroscope Scale Calibration Curve 
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from jarring the electroscope, and (d) to wash hands 
before using the instrument so as to avoid possible 
contamination by radioactive substances. 


DISTILLATION BUBBLER 


Svurrrueatine, with the attendant danger of bump- 
ing and frothing over, is a common occurrence during 
distillation; it has always to be anticipated and allowed 
for. Devices to this end are numerous: porous or even 
anthracite chips, platinum, glass wool, capillary tubes, 
an air-leak through a capillary tube, all provide the 
necessary points at which air bubbles can form and 
promote active ebullition. 

A form of bubbler which possesses several advantages 
can be easily made by any student with a rudimentary 
knowledge of glass blowing as follows. A piece of glass 
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EXPERIMENTS 


These may include determination of half-lives and 
absorption characteristics of radioisotopes, decay and 
growth relationships, radiochemical separations, studies 
of back-scattering and self-scattering effects, and tracer 
experiments. Some experiments which are especially 
suitable for the physical chemistry laboratory course 
will be described in a future paper. 
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Oak Ridge, Tenn. (revision of July, 1949). 
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tubing is sealed at one end, no effort being made to thin 
out the terminal lump of glass (A). A bulb is now 
blown at this sealed end by heating the glass until the 
walls of the tube partially collapse and thereby thicken, 
followed by gentle blowing. A second bulb is now 
blown just above the first (B), and then the two are 
melted in the flame and merged into one bulb in the 
usual way, the thick end of glass being still retained 
(C). The thick end is now heated in the tip of the 
blow-pipe flame until red hot, time being allowed for 
the thinner parts to cool somewhat, and then the thick 
end is sucked in by means of the mouth until a hemi- 
spherical cup is formed (D). The upper end of the tube 
is then drawn off into a hook (E), not a loop, since re- 
moval of the bubbler from the distillation flask by 
means of a hooked copper wire is much more expedi- 
tiously accomplished when the tube has a hook than 
when it has a closed loop. 

The bubbler is inserted into the flask with hook 
uppermost and should be of such a length that the top 
rests in the neck of the flask. To accommodate flasks 
of different sizes bubblers of various lengths should be 
available. For large flasks the bubblers may conveni- 
ently be made of large tubing. 

Although primarily for use. during distillation under 
ordinary atmospheric pressure the bubbler has been 
found to be efficient under reduced pressures if a few 
strands of fibre glass are added. The fine threads of 
glass probably function per se in preventing bumping; 
but, furthermore, by winding themselves around the 
bubbler, they hold it down and, even if some bumping 
occurs, prevent breakage. 
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UTILIZATION OF EQUILIBRIUM VAPOR 


PRESSURE DATA 


Ir 1s still fairly common practice to determine heats of 
vaporization from the slope of a plot of R In p versus 
1/T, and the entropy of vaporization from the intercept 
of this plotted line with the axis of 1/7 = 0°K.-'. 
Such a treatment gives a constant value for AH° which 
is an average of the true AH°’s in the temperature range 
investigated and gives an entropy which may be several 
cal. mol~! deg.~! in error for even the experimental 
range. Normal boiling points have often been pre- 
dicted from such equations which assumed that the 
heat of vaporization determined at vapor pressures of 
less than a millimeter was constant up to a vapor 
pressure of one atmosphere. Boiling points so pre- 
dicted usually are considerably lower than the actual 
boiling points because the heat capacities of liquids are 
almost invariably higher than those of the correspond- 
ing gases, so that the plotted slopes are too high at 
pressures higher than those experimentally determined. 

Heats of fusion calculated from the difference be- 
tween average heats of sublimation and vaporization 
may also be greatly in error. For’ example, suppose 
we have vapor pressure data available for a certain 
compound for 100° above and 100° below its melting 
point. If we plot R In p versus 1/7 and draw the best 
straight lines through the data above and below the 
melting point, we find an average value of 23,000 cal. 
mol-! for the heat of sublimation and of 20,000 cal. 
mol-! for the heat of vaporization. Assuming that 
these average heats apply at the melting point, the heat 
of fusion would be their difference, 3000 cal. mol—!. If, 
however, the heat capacity changes for sublimation of 
the solid and for vaporization of the liquid are each 
about —10 cal. mol! deg.—!, the AH® of sublimation 
at the melting point is about 500 cal. mol —! lower and 
AH® of vaporization 500 cal. mol~! higher than the 
average values, so that we should subtract 20,500 from 
22,500 getting 2000 cal. mol—! as the heat of fusion. 
The value calculated from the average heats was 50 
per cent off. 

Obviously then, when accurate values are desired the 
assumption of constant AH°® is inadequate if we are to 
obtain maximum use from our vapor pressure measure- 
ments. We must derive equations for AH®° and for 
AS° as functions of temperature which utilize not only 
our vapor pressure determinations but also any heat 
capacity and entropy data available from calorimetric 
or spectroscopic measurements. With the appropriate 
data available it is a simple matter to develop equations 
which will permit very accurate predictions of AH°, 
AS°, and AF® values far outside the experimental 
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temperature range. Unfortunately, most thermody- 
namics texts give only sketchy instruction in tech- 
niques for applying these equations. 

In this paper we will consider these techniques in 
detail, using data concerning the vaporization of Br, 
to illustrate the methods we discuss. 


CORRECTION OF DATA FOR DEVIATION FROM THE 
PERFECT GAS LAW 


The first step in utilizing vapor pressure data to 
develop thermodynamic equations is to determine 
AF°, that is, the free energy of vaporization of the 
liquid to the standard thermodynamic gaseous state 
where the fugacity f equals one atmosphere at the — 
temperature of measurement. Since AF for vaporiza- 
tion of the gas to its equilibrium pressure at the tem- 
perature of measurement is zero, to obtain AF° we 
need only calculate the free energy change when the 
vapor changes from the equilibrium fugacity to a 
fugacity of one atmosphere. This change is AF® 
= —RT In f., , where f,, is the fugacity of gas in 
equilibrium with the liquid at the given temperature. 

It is common practice in utilizing vapor data with 
pressures of an atmosphere or less to assume the vapor a 
perfect gas, in which case pressure equals fugacity and 
AF° = —RT In pw , where pq is the equilibrium pres- 
sure. Often, however, deviation from the perfect gas 
law is sufficient at even an atmosphere of pressure to 
warrant correction of pressures to fugacity. 

Whether or not the pressure and fugacity are essen- 
tially equal under given conditions can be easily deter- 
mined from the following empirical equation: 


pe —0.015897'(7.787! — (1) 


where 7; is the molal volume of the liquid in cm.*, p 
is the pressure in atmospheres, and 7’, is the normal 
boiling temperature in degrees Kelvin. This equation 
may be found by solving the van der Waals equation for 
v, obtaining »v = RT/p + b — a/pv + ab/pv’, where the 
letters have their usual significance, neglecting the sec- 
ond order correction term ab/pv?, and making the sub- 
stitution a/pv = a/RT. For normal liquids a is approxi- 
mately equal to the product of the energy of vaporiza- 
tion and the liquid molal volume # expressed in appro- 
priate units, and from Trouton’s rule, the energy of 
vaporization is approximately 207, calories. For most 
gases b averages 1.3.0, We now know as a function of 
temperature, pressure, and two readily available 
constants, the boiling temperature and the liquid 
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molal volume. By well-known thermodynamic rela- 
tions! we can now get equation (1). 

Equation (1) is much more generally applicable 
than either van der Waals’ equation or Berthelot’s 
equation, since these latter equations require vapor 
density or critical point data. For a comparison of 
fugacity to pressure at the boiling point equation (1) 
reduces to simply: 

f/lp=1- 0.1077, (2) 
which tells us immediately that among liquids of similar 
boiling points the liquid with highest molal volume will 
show the greatest deviation of vapor pressure from the 
fugacity, while among liquids with similar molal vol- 
umes compared near their respective boiling points 
the liquid of lowest boiling point will show the greatest 
deviation of vapor pressure from fugacity. It should 
be noted that the equation is strictly valid only for 
liquids consisting of gaseous molecules held together 
mainly by van der Waals and similar forces. It would 
not be expected to hold well for an ionic substance such 
as NaCl. 

Let us apply equation (1) to the data of Scheffer 
and Voogd? at 2.5 atmospheres to determine if cor- 
rections of vapor pressures to fugacities are necessary 
for their low pressure results. With p = 2.5 


atmospheres, 7 = 362.51°K., 3; = 55.2 cm.’, T, = 
331.9°K., we find that f/p = 1 —0.0158 X 


2.5 X 55.2 
362.5 


(7x S18 i) or 0.963. So a correction is 


362.5 


desirable for accurate work. 

Whenever the critical constants are available it is 
preferable to use Berthelot’s equation for correcting 
pressures to fugacities. Berthelot’s equation written 
in terms of the critical constants gives 

In f/p = baat — 6T.2/T?) (3) 
where 7’, and p, are the critical temperature and pres- 
sure of the substance considered. Substituting into 
this equation the critical constants for Bre, 584°K. and 
102 atmospheres, we find that at the same temperature 
and pressure considered in using (1) the ratio f/p is 
0.958. For Br: at 2.5 atmospheres, then, equation (1) 
gives the same ratio of fugacity to pressure as the 
Berthelot equation to within the probable error in the 
Berthelot correction. 


HEAT CAPACITIES 


Heat capacities for many common substances are now 
known, and whenever they are available should be used 
in developing thermodynamic equations from vapor 
pressure data. Ideally, these C,’s are listed as func- 
tions of temperature in forms such as a + b7' + cT? 





1 Lewis, G. N., anp M. RanpaA., ‘‘Thermodynantics,” Ist 
ed., McGraw-Hill, Inc., New York, 1923, Chap. XVII. 

? Scuerrer, F. E. C., anp M. Vooap, Rec. trav. chim., 45, 
214 (1926). 
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+ ... or A + BT — CT, where the coefficients in 
the various terms of the heat capacity expression are 
empirical constants; however, even a constant value 
for AC, greatly increases the usefulness of the free 
energy equation, and when C, values are not known 
for the molecules being studied they should be estimated 
from data for similar molecules. It is almost always 
possible to estimate AC,’s within 1 or 2 cal. mol 
deg.—}. 

Suppose that we have no experimental value for the 
AC, of vaporization of bromine, but that we do know 
the C,’s for chlorine and iodine. Proceeding by a 
useful general method, we will estimate separately the 
heat capacities of liquid and of gaseous bromine, be- 
cause the heat capacity for a single phase is usually more 
easily predicted than the heat capacity difference be- 
tween two phases. Obviously, in the present case with 
only two related substances from which to estimate, 
we would find the same answer by estimating directly 
from the AC,’s of vaporization as by considering each 
separately. 

For chlorine the C,’s are 15.9 cal. mol! deg.~—! for 
the liquid* and 8.1 for the gas‘; for iodine the values 
are 19.5° and 8.84. Since bromine falls between chlorine 
and iodine in the periodic table, we know that the C,’s 
for bromine must be approximately the average 
of the corresponding values for chlorine and iodine; 
therefore, we estimate 17.7 to be the heat capacity of 
liquid bromine and 8.5 to be that for the gas, making 
AC, = —9.2 cal. mol— deg.—! for vaporization. The 
actual values are about 17.3 for liquid Bro*’ and 8.6 
for gaseous bromine, making AC, —8.7 cal. mol~! 
deg.—!, so that our estimated value is in error by 0.5 
cal. mol~! deg.—!, or less than 6 per cent of the error 
introduced by assuming that AC, = 0. 

Kelley,*® Brewer, Bromley, Gilles, and Lofgren," 
and the National Bureau of Standards‘ give convenient 
summaries of heat capacity values for many substances. 
The references listed in the Bureau of Mines Bulletin, 
“Entropies of Inorganic Substances,!! contain much 
useful heat capacity data. When desired C,’s are not 
available one can almost always find C,’s of related 
compounds in these works from which to estimate the 
desired C,’s. , 


3 GravquE, W. F., anp T. M. Powe.u, J. Am. Chem. Soc., 
61, 1970 (1939). 

4 National Bureau of Standards, ‘‘Selected Values of Chemical 
Thermodynamic Properties,” Series I, 1948. 

’ Freperick, K. J., anv J. H. Hirpepmanp, J. Am. Chem. 
Soc., 69, 1436 (1938). 

6 ANDREWS, T., Quart. Jour. Chem. Soc., London, 1, 18 (1849). 

7 ReGnawtt, M. V., Ann. Chim. Phys., III, 26, 268 (1849). 

8’ Ketuey, K. K., ‘The Free Energies of Vaporization and 
Vapor Pressures of Inorganic Substances,’ Bureau of Mines 
Bulletin No. 383 (1935). 

® Keuzey, K. K., ‘“High Temperature Specific-Heat Equations 
for Inorganic Substances,”’ Bureau of Mines Bulletin No. 371 
(1934). 

10 Brewer, L., L. A. Bromirey, P. W. Gites, aNp N. L. 
LorGrEN, “Declassified Atomic Energy Commission Paper,” 
MDDC-438-F (1945). 

1 Kewey, K. K., ‘‘The Entropies of Inorganic Substances,” 
Bureau of Mines Bulletin No. 434 (1941). 
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ENTROPIES 


With the heat capacity known, we can evaluate the 
available entropy data. The relations between the 
thermodynamic functions when AC, = A.+ BT 
—C/T-* are given by Kelley. For our study with 
AC, expressed as a constant, the equations of interest 
reduce to: 


AC3 =a (4) 

AH® = AH; + aT (5) 
AF° = AHj —aTInT+1T (6) 
AS° =a+t+ahT-—I (7) 


If no entropy is available from calorimetric or spectro- 
scopic investigations we must find the entropy change 
for our process by determining J, the constant appearing 
in equation (6). 
Equation (6) can be rewritten in the form 
AF°/T +alnT = AHo/T +1 


Now it is apparent that if we plot AF°/T + aln T 
= ~ asa function of 1/7 the slope of our curve will be 
the constant AH,, and the intercept on the 1/7 = 
0°K.~ line will be Z. The figure is an example of such 
a plot for Brz made from the vapor pressure measure- 
ments of Jolly and Briscoe’* and taking AC; = —8.7 
cal. mol-! deg.~!. We find from the plot that J 
is approximately — 81.0 making the entropy of vaporiza- 
tion at the normal boiling point 21.8 cal. mol—! deg.—. 


Entropies obtained from vapor pressure data should 
always be compared with estimated entropies for the 
process considered, because the J/7’. = 0°K.~! inter- 
cept of the vapor pressure plot determines the entropy 
and this intercept is strongly influenced by small 


errors in the experimental slope. Since the heat of 
vaporization is directly determined from the experi- 
mental slope, the extent of divergence of the experimen- 
tal entropy from the estimated value gives an indication 
of the possible magnitude of error in the experimental 
slope. 





12 Jotty, V. G., anv H. V. A. Briscoz, J. Chem. Soc., 129, 
2154 (1926). 
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3.20 3.30 3.40 
(1/T) 108 °K.~1 


Bromine Plot 


JOURNAL OF CHEMICAL EDUCATION 


In estimating the entropy of vaporization of a sub- 
stance such as bromine we can use the well-known gen- 
eralization, Trouton’s rvle. This rule tells us that for 
most chemical substances the entropy of vaporization 
is 20 to 25 cal. mol~! deg.—! when the partial pressure 
of the substance considered is one atmosphere. How- 
ever, we can often estimate the value more accurately 
by considering the entropies of vaporization of mole- 
cules having a family resemblance to the substance of 
interest than by employing this rule, for example, 
we find that the entropies of vaporization of fluorine, 
chlorine, and iodine are 19.3, 20.4, and 22.8 cal. mol~! 
deg.—! at the normal boiling points. These values 
show a regular trend and we would estimate the cor- 
responding entropy for bromine to lie in a regular place 
in this series at about 21.6 cal.mol—! deg.-'. Our 
equation gives a value of 21.8 cal. mol—! deg.~!, at the 
boiling point, in good agreement. 

In this example the entropy is also closely predicted 
by Trouton’s rule. Comparison of this type gives one 
a good check on the accuracy of the data, and serious 
discrepancies between the observed and expected en- 
tropy values usually indicate large experimental errors. 
However, when using only Trouton’s rule as a check 
one should keep in mind that large deviations from 
Trouton’s rule are to be expected in some cases, as in 
water, for example, due often to operation of forces 
between molecules in the liquid state different from 
those between the gas molecules. One can usually 
predict when Trouton’s rule should not be reliable. 
The various known cases of abnormal entropies of 
vaporization for the halides and the reasons for these 
abnormal values are discussed by Brewer.** 

If we have one accurate determination of the en- 
tropy of our process at one temperature—even a tem- 
perature outside the range of our vapor pressure 
measurements—we can substitute that entropy into 
equation (7) to find J. We then can use (7) to find 
the entropy over a wide range of temperature. 

The entropies‘ at 298°K. for gaseous and liquid bro- 
mine are 58.639 and 36.4 cal. mol—! deg.—!, respectively, 
making the entropy of vaporization 22.2 cal. mol-! 
deg.—!. Substituting this value into equation (7), 
with a = —8.7 and T = 298.16°K., we find that J = 
80.5 and the entropy of vaporization at the normal 
boiling point is 21.3 cal. mol! deg.—!. 


HEAT CONTENT 


If this accurate expression for AS° were not available 
we would be forced to determine AH° from our plot of 
Rinf +alnT = = versus 1/7. This is the usual 
method for finding AH when only vaporization data 
are available; it is distinctly preferable to plotting 
AF°/T alone against 7. The slope of this 2 curve is 
AH,. From the figure we find AH; to be 10,100 cal. 
mol-!, making AH° = 10,100 —8.7 T. 

When an accurate expression for AS° is available 





13 Brewer, L., “Declassified Atomic Energy Commission 
Paper,’”’ MDDC-438-G (1946). 
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TABLE 1 
Sample Calculations of AH; for Vaporation of Br, 


—4.5757 — Berthelot — 20.036 
loz P cavr efions log T 





i 
~ 


AF°/T 
Isnardi* 
4.8679 


Roozeboom ft 


4.9865 
4.8240 
0.9517 
0.0383 0.3247 
0.0426 0.0216 


Scheffer and Voogd? 


0.0058 5.2205 
5.0884 

2.3597 

2.1617 

—1.4125 2.5513 

—1.5259 2.5538 


Ramsay and Young Series 2, No. 3f 
0.0051 5.5337 2.4262 
0.0055 5.3739 2.4287 
0.0170 2.4782 2.4755 
0.0189 2.2240 2.4799 

Ramsay and Young Series No. 3{ 
0.0368 0.4061 2.5150 
0.0396 0.2345 2.5174 

Jolly and Briscoe’? 


3.83 


—Log P atm. Log T 





Ss 
on 


1.0624 4.8612 0.0067 2.4364 


2.4366 
2.4392 
2.5034 
2.5157 
2.5220 


0.0063 
0.0067 
0.0301 


4.9802 
4.8173 
0.9216 
0.2864 
—0.0210 


1.0884 
1.0528 
0.2014 
0.0626 
—0.0046 


SSSSs 


2.4309 
2.4335 
2.4776 
2.4804 


5.2147 
5.0822 
2.3418 
2.1423 
—1.4843 
—1.6010 


1.13966 
1.11069 
0.51178 
0.46818 
—0.32439 
—0.34989 


eeeese 


1.20825 
1.17324 
0.53789 
0.48191 


SSss 
Crorgrgr 


0.36930 
0.19488 


0.08071 
0.04259 


Ss 


0.0102 
0.0146 
0.0192 


3.821 
2.877 
2.174 
1.616 
1.161 


—0.8351 
—0.6288 
— 0.4751 
—0.3532 
—0.2537 
—0.1797 0.822 
—0.1244 0.569 


* IsnarpI, T., Ann. Physik, 61, 264 (1920). 
t Roozesoom, N. W. B., Rec. trav. chim, 3, 73 (1884). 
t Ramsay, W., anv S. Youna, J. Chem. Soc., 49, 453 (1886). 
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298.1°K. We could assign preferential weight to data 
that we consider more accurate than the rest, but 
usually it is difficult to judge from the experimental 
information reported which measurements are better 
than the others. Besides, a comparison of AH; values 
obtained from measurements at different temperatures 
and by different experimenters gives good indication 
of the reliability of the various measurements. 

Table 1 contains some representative calculations 
made from typical values in papers of various investiga- 
tors. Columns 3 and 4 of the table added together 
give column 5. Column 7 subtracted from the sum of 


from spectroscopic or calorimetric determinations, 
however, we can solve equation (6) analytically, find- 
ing an independent value for AH, from each vapor 
pressure reading. We then need only one reliable deter- 
mination of the vapor pressure in order to solve for a 
AH,, which we can use in turn with the known AS° 
and AC} to calculate the vapor pressure at any other 
temperature. If we have several vapor pressure deter- 
minations they should, ideally, all give the same value 
of AH; when substituted into equation (6). In 
practice there will ordinarily be a scattering of values 
and, perhaps, a trend of values with temperature. The 
The AH, values 


extent of scattering among the values of AH; indicates 
the reproducibility of the vapor pressure measurements, 
and any drift in AH) values with temperature indi- 
cates that there is a temperature-dependent error in 
vapor pressure measurements or that the AS° or AC; 
used is slightly in error.. 

To find the best value for AH° of vaporization of 
bromine, we collect all the vapor pressure data reported 
in the literature and substitute these data in équation 
(6) along with our value for AC} and the value of J 
we found by utilizing the entropy of vaporization at 


columns 5 and 8 gives column 9. 
obtained in column 10 show only slight temperature 
trends and the AH, ’s from work of the different inves- 
tigators are in good agreement. 

Taking 9980 + 15 cal. mol~' as the average value for 
AH, over the range of determinations, we can now 
write a complete set of thermodynamic equations for 
the vaporization of bromine: 

AC; 
AH? 
AF° 


—8.7 cal. mol.~! deg.~? 
9980 — 8.7 


= 9980 + 8.7T In T — 80.57 
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AS° = —8.71In T — 8.7 + 80.5 
AH = 7390 cal. mol.-! 

AF.:3 = 760 cal. mol.-! 

AS2os = 22.2 cal. mol.-! deg.-! 


These equations represent the available data to within 
the experimental error over the entire range for which 
determinations were made and furthermore should 
give good values of the thermodynamic functions well 
outside the experimental range. 

In calculating the boiling point or the temperature 
corresponding to any pressure desired from the equa- 
tions we have developed, one should put the free 
energy equation in the form 


AHo 


1 = 4575 log f + 2.3026a log T — 1 





(8) 


and substitute in the equation the fugacity obtained 
from equation (2) and an estimated temperature in the 
logarithmic expression. To calculate 7 for a pressure 
of one atmosphere we use the boiling temperature 
331.1°K. given by Kelley as our first approximation. 
We thus obtain 


9980 


T = =G575 log 0.982 + 2.3026-(—8.7) log 331.1 + 80.5 
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giving 7’ = 332.0°K. as a first value. This, used as a 
second approximation in equation (8), gives a final re- 
sult 7 = 332.2°K. as the normal boiling temperature 
of bromine compared with the International Critica] 
Table value of 331.9.14 


CONCLUSION 


It should be re-emphasized that even where entropies 
and heat capacities are not known heat capacities should 
be estimated for use with all vapor pressure measure- 
ments to extend the temperature range in which the 
data can be applied. The inclusion of a heat capacity 
term is especially important if vapor pressure data are 
to be used in calculating heats of fusion or in deter- 
mining boiling points. 

It is to be hoped that teachers of physical chemistry 
and thermodynamics will emphasize the need to 
obtain or estimate heat capacity values for vapor pres- 
sure or equilibrium constant data, so that the data 
will be presented in a form which will allow a much 
more ready and wide utilization than is the case with 
most data presented in the literature. 





14 “Tnternational Critical Tables,’”’ 1st ed., McGraw-Hill, Inc., . 


New York, 1928, p. 324. 


€ ULTRAMARINE—AN INORGANIC PREPARATION 


'T ue dearth of preparations in the field of mineral and 
alumina-silicate chemistry, suitablefor laboratory courses 
in advanced inorganic chemistry, has led the writer to 
develop the following preparation of the famous pig- 
ment, Ultramarine Blue,' which when it occurs natu- 
rally in the massive state is the semiprecious gem stone 
lapis lazuli. The highly colored product of this prepa- 
ration is not only interesting in itself but also exem- 
plifies the sodalite, three-dimensional lattice, zeolitic- 
type structure of the aluminum-silicate minerals. 

The following charge composition has been found to 
give consistently good results: clay (kaolin) 100 parts 
(by weight), anhydrous sodium carbonate 100 parts, 
charcoal 12 parts, sulfur 60 parts. It is very important 
that these be finely ground together. 

The finely ground charge should be tightly packed 
into a small porcelain crucible. A Coors, High Form 
No. 0, capacity 15 ml., has been found suitable. The 
charge may be tightly packed by gently tapping the 
bottom of the crucible on the bench while it is being 
filled. The packed charge, which should fill the crucible 





1 For general references see: PauLine, L., “The Nature of the 
Chemical Bond,’’ 2nd ed., Cornell University Press, Ithaca, New 
York, 1940, p. 387. 

Eme evs, H. J., anp J.S. ANDERSON, ‘‘Modern Aspects of Inor- 
ganic Chemistry,” D. Van Nostrand Co., New York, 1944, p. 212. 

TuorpE, E., ‘‘A Dictionary of Applied Chemistry,’’ Longmans, 
Green and Co., Ltd., London, 1927, Vol. VII, p. 254. 


RICHARD G. WOODBRIDGE 


Princeton University, Princeton, New Jersey 


to the brim, will weigh from 15 to 18 g. The crucible 
and contents should be covered by a reasonably close- 
fitting crucible cover. 


For firing, the crucible should be centered in a hole. 


cut in a piece of asbestos board which in turn may be 
supported on a ring or tripod. The crucible should 
protrude through the hole as far as possible but not so 
far that the cover is prevented from resting on the 
crucible. 

The exposed bottom of the crucible should be heated 
at least to a bright red heat for an hour and a half. An 
air-blast burner is most suitable. A Meker-type burner 
with a good gas supply, if well positioned under the 
crucible, will give satisfactory results. As sulfur diox- 
ide is evolved during the firing, this step should be 
carried out under a hood. 

After one and one-half hours of firing, not before, the 
crucible cover should be removed with a pair of tongs 
and, without interruption, the firing should be con- 
tinued for about half an hour more. 

After cooling, the charge should be carefully removed 
from the crucible. The colored portion should be sepa- 
rated from the uncolored part, washed well with water, 
dried, and ground. The yield of ultramarine is 1 to 3 g. 

A greater yield and a more brilliantly colored product 
can be obtained by longer heating and by the use of a 
small gas furnace to give a higher firing temperature. 
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* BIBLIOGRAPHY OF CHEMISTRY AND CHEMICAL 
TECHNOLOGY TEXTBOOKS IN THE SPANISH 
AND PORTUGUESE LANGUAGES 


Avr tue request of Science Service, through its Direc- 
tor, Watson Davis, who has been cooperating with the 
Division of Cultural Relations of the U. S. State 
Department in the sponsorship of the translation and 
publications of textbooks in Spanish and Portuguese 
for the aid of the educational work in the Latin Ameri- 
can countries, a committee was appointed by the 
American Chemical Society in 1947 to submit recom- 
mendations as to titles of books in the field of Chemistry 
and Chemical Technology which should be translated. 
This committee consists of E. H. McClelland, W. E. 
White, C. M. Alter, and Wallace R. Brode (Chairman). 

As the first step in making such recommendations, it 
was felt essential to know what had been translated, 
what was under process of translation, and what had 
been prepared in the original in Spanish and Portuguese 
speaking countries. Regardless of the nationality 
of the original author, the ultimate objective should be 
to complement and supplement existing material and 
not to duplicate. 

A recent Bibliography of Spanish Books in Chemistry 
was published in Barcelona by Serralach,! which is 
more extensive than previous bibliographies. An 
almost equal number of titles has been obtained by 
extensive survey of Spanish and Portuguese publica- 
tions, reviews, catalogues, and personal correspondence. 
The list presented below represents a combination of all 
available sources with the elimination of some texts 
known to be out of print or considerably outdated. In 
preparation of this list, the author wishes to acknowl- 
edge information from earlier Bibliographies and sug- 
gestions from Dr. V. Deulofeu (Buenos Aires), Dr. 
J. Ancizar-Sordo (Bogota), Dr. Bergstrom Lourengo 
(Séo Paulo), Miss Elizabeth Beaman (Massachuestts 
Institute of Technology), and representatives of 
American Scientific Publishing houses, as well as the 
other members of the American Chemical Society Com- 
mittee. 

In addition to providing a guide to the committee, 
this list should be of use to Latin American scientists 
in informing them of the existence of certain texts. 
It should also serve as a guide in selection of Spanish 
or Portuguese books for American scientific libraries 
who endeavor to obtain original treatises or maintain- 
ing foreign language material and to be a guide, to those 





1 SerratacuH, Marta, “Bibliograffa Quimica,” University of 
Barcelona, Imprenta Clarasé, Barcelona, Spain, 1946. Reviewed 
by Margie H. Hale, J. Comm. Epuc., 24, 620 (1947). 


WALLACE R. BRODE 
National Bureau of Standards, Washington, D. C. 


who would undertake translations or to know in which 
field such books are needed. 

It has been difficult to check on all references and’ 
many are incomplete. It is hoped that omissions and 
corrections as well as new additions and suggested. 
translation needs will be sent to the author so as to: 
maintain a complete and current list. Readers may be 
interested in comparing this with the Book-Exhibit 
list which appeared in the March, 1949 issue of the 
JOURNAL OF CHEMICAL EDUCATION. 


OUTLINE 
1. General Chemistry 
(a) Popular 


(b) General Text 


2. Inorganic Chemistry 


(a) Texts 
(b) Laboratory Practices 


3. Analysis 
(a) Theories of Analytical Chemistry 
(b) General Treatises 
(c) Microchemistry and Microanalysis 
(d) Electro chemical Methods 
(e) Volumetric Analysis 
(f) Conductivity—Polarographic Methods 
(g) Optical Methods—Emission Spectroscopy- 
(h) Colorimetric Analysis 
(i) Agriculture 
(j) Food 
(k) Poisons 
(l) Reagents 
(m) Rocks, Minerals 
(n) Drugs % 


4. Organic Chemistry 
(a) Texts 
(b) Laboratory Practices 
(c) Organic Analysis 
5. Biochemistry 
6. Physical Chemistry 


(a) Texts 

(b) Laboratory Practices 
7. Colloids 
8. Electrochemistry 

(a) Texts 


(b) Laboratory Practices 
9. Technical Physics 


10. Chemical Engineering and Industrial Chemistry- 


(a) Texts 
(b) Catalogs and Yearbooks 
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11. Chemical Materials and Processes 
(a) Fats or Greases; Oils; Soaps; Adhesives 
(b) Pharmaceuticals, Cosmetics, Perfumes 
(c) Textile Industry; Dyeing (b) 
(d) Wood; Paper 
(e) Rubber; Cellulose; Artificial Silk 
(f) Celluloids, Resins, and Artificial Plastic Materials 
(g) Paints, Varnishes, and Lacquers 
(h) Ceramics, Glass, and Cement 
(i) Tanneries; Tanned Leather 
(j) Fuels, Petroleum, and Lubricants 
(k) Explosives; War Gases and Illuminating Gases 
(l) Photography 
(m) Inks 
(n) Foods 
12. Metallurgy and Metallography 
13. Physical Constants; Agendas; Problems 
14. History of Chemistry 
15. Dictionaries and Encyclopedias 
16. Bibliographies 
17. Publishing Houses (Spain) 
18. Publishing Houses (Latin America) 
19. Author Index 
Note: An asterisk (*) indicates that book is in process of 
translation. English titles in parentheses indicate books under- 


going translation or for which the Spanish or Portuguese titles 


were not known. 


Original language publishers of such books 


may also he indicated in parentheses. All books are in Spanish 
unless indicated as in Portuguese. 


1. General Chemistry 


(a) 


Popular 

Aravena, H., Moderna Clasificacién de los Elementos. 
2nd ed., 182 pp., Chilean Biblio Series, 1945 

BRADLEY, J. H., Autobiografia de la Tierra. (Coward 
McCann, Ine., New York, 1935.) Editorial Suda- 
mericana, Buenos Aires, 1943 

Cavanttias, J. M., Breves Nociones de Nomenclatura y 
Formulacién Quimica. 2nd ed., Dossat, Madrid, 
1946 

Cirrino, C., El Tesoro que Guardan los Atomos. 
Ateneo, 1946 

Gerunc, WERNER, Receituario Industrial (Bibl. Cult. 
Téc. No. 5). 3rd ed., 576 pp., Edicoes e Publ. 
Brasil, Sio Paulo, 1947 (Portuguese) 

Greitinc, W., La Quimica Conquista al Mundo. 
Trans. by J. S. Buanss, 512 pp., Marin, 1942 

Gross, B., La Engerta Atémica. El Ateneo, 1946 

Gross, B., A. Bomba Atémica. 2nd ed., 34 pp., 
Kosmos, Sao Paulo, 1948 (Portuguese) 

Harrison, G. R., Atomos en Accién. Editorial Suda- 
mericana, Buenos Aires, 1944 

Haynes, W., Hl Frente Quimico. Emece Editores, 
Buenos Aires, 1945 

Marti, A. J., La Energia Atémica. El Ateneo, 1947 

Mesvus, R. B., La Bomba Atémica. (Chilean Biblio 
Series), 16 pp., 1945 

Meyer, Quimica Popular 

Miuurkan, R. A., Electrones, Prot , Fot is 
Neutrones y Rayos Césmicos. Espasa-Calpe, 1946 

Smyrue, H. W., La Energia Atémica al Servicio de la 
Guerra. El Ateneo, 1946 


E] 





Stoxtey, J., La Ciencia Rehace Nuestro Mundo. 
Emece Editores, Buenos Aires, 1944 

Tursaup, J., Vida y Transmutaciones de los Atomos. 
Espasa-Calpe, Buenos Aires, 1947 

Vasconcelos, E., anp G. GBEISSNER, Receitudrio 


Industrial. 
(Portuguese) 


462 pp., Porto Alegre, Liv. Globo, 1946 
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VELASCO DE Pranpo, M., La Bomba Atémica. Intro- 


duccién al Estudio de la Energia Atémica. E|\ 
Ateneo, 1947 
General Text 
Avats, 8. J., Los Titanes de la Quimica. 330 pp., - 
Mexico, 1944 
Basor, J. A., AND A. LEHRMAN, Prdcticas de Quimica 
General. Trans. by J. Iparz, Manuel Marin, 1947 
Basor, J. A., AND A. LEHRMAN, Quimica General. 
3rd ed., trans. by J. Isarz, Manuel Marin, 1944 
Berarpt, I., Elementos de Quimica. 2 vols., 1941 
BermeJo Vina, L., Elementos de Quimica General y 
Descriptiva. 3rd ed., Publ. 1922 
BiocuMann, R., Introduccién a la Quimica Experi- 
mental. Trans. from German 5th ed. by A. Garcra 
Banus, Labor, 1941 
Bong, J., anp J. Lupwia, Curso Prdctico de Quimica. 
Trans. by J. GonzALEs-Campo, Manuel Marin, 1941 
Bort, C., La Obra de las Quimicas Modernas. EI 
Ateneo 
Cuavera, J. M., anp R. Pontit10, Practicum de 
Quimica. 3rd ed., Saeta, 1941 
Conci1i0, G., Quimica (serie Cienti). 2nd ed.,208 p., 
Classico Cientifico, Sao Paulo (Portuguese) 
*Demina, H. G. (General Chemistry, John Wiley & 
Sons), UTEHA, 1947 
*DeminG, H. G. (Laboratory Manual of General Chem- 
istry, John Wiley & Sons), UTEHA, 1946 
EsTALELLA, Curso de Quimica 
Fowier, G., Experimentos Quimicos de Cétedra. 
Trans. by E. JImENo GIL, 636 pp., Manuel Marin 
GasBa, L., AND KE. Moutnari, Manual del Quimico 
GONZALEZ AND FERNANDEZ, Primeras Nociones de 
Ciencias Fisicas, Quimicas y Naturales. Madrid, 
1907 
JIMENO Git, E., Quimica General. Saeta, 1944 
Lavina, F., anp A. Rocaso.ano, T'ratado de Quimica. 
Zaragoza, 1942 
Lewis, J. B., Quimica General. Trans. by F. M. 
Cuaros, University of Costa Rica, Department of 
Chemistry, San José, Costa Rica, 1945 (from An 
Outline of First-Year College Chemistry (Barnes and 
Noble)) 
Lora Tamayo, M., Quimica para Médicos. 4th ed., 
Grdfica Administrativa, Madrid, 1944 
Maceno, L., Quimica. 3 vols., 3rd ed., 144, 200, and 
204 pp., Cia, Editor Nacional, Rio de Janeiro, 1948 
(Portuguese) 
MeckienBurG, W., Tratado de Quimica. 2nd re- 
vised ed., trans. by E. Motzs, Gustavo Gili, 1941 
Mena, M. E., Introduccién al Estudio de la Quimica. 
269 pp., Atlante, 1943 

OstTwaLp, W., Compendio de Quimica General. Trans. 
from 6th German ed. by E. Moures, Manuel) Marin, 
1944 

Ostwatp, W., Hlementos de Quimica 

OstwaLD, W., La Escuela de Quimica 

Perez Ara, A., Tratado de Quimica General. 2 vols. 
Havana, 1942 

Porta, I., Curso General de Quimica. 7th ed., 784 pp., 
Manuel Marin, 1945 

Puta, I., Quéimica Escolar. 349 pp., Manuel] Marin 

Pure, I., Vademecum del Quimico. 6th ed., 272 pp., 
Manue) Marin 

Pura, I., Curso General de Quimica. 4th ed., 586 pp., 
Pub. Globo, Porto Alegre 1945 (Portuguese) 

Pura, I., Quimica Pratica. 488 pp., Pub. Globo, Porto 
Algere, 1938 (Portuguese) 

Rivs Miro, A., Curso Experimental de Quimica. 2nd 
ed., Saeta, 1940 nif 

Rocaso~ano, A., DEG., Quimica para meédicos 
naturalistas. Saeta, 1941 

Saz, E., 8S. J., Quimica General Segiin la Teoria de las 
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Valencias Postivas y negativas. 2 vols., Casals, 1943 
Smas Fino, E., Quimica-la Serie Col. 2nd ed., 238 
pp., Pub. Briguet, Rio de Janeiro, 1947 (Portuguese) 
Smas Finxo, E., Quimica-2a Serie Col. 242 pp., Pub. 
Briguet, Rio de Janeiro, 1945 (Portuguese) 

Smita, A., AND J. KENDALL, Quimica General. 2nd ed. 
trans. by E. Jim=no anp M. Marquina, 756 pp., 
Manuel Marin, 1943 

Tuoms, H., Curso de Quimica General y Aplicada. 
Trans. of 9th German ed. by A. Baura, E. Sotzr 
AND R. Cust, Labor 

Vitoria, E., Manual de Quimica Moderna. 
Casals, 1944 

von Antroporr, A., Introduccién Experimental a la 
Quimica. Trans. from 4th German ed. by E. 
LaToRRE, Edic. Nueva Epoca, 1945 

*Watkeys, C. W. (An Orientation in Science). 
Edanec, Sao Paulo, (Portuguese) 

*Wenpt, G., Quimica. 247 pp., Espasa-Calpe, Argen- 
tina (John Wiley & Sons, 1946) 


13th ed., 


Pub. 


2. Inorganic Chemistry 
(a) Texts 


(6) 


AMBIELLE, P., Quimica Inorgdénica. 2nd ed., El Ateneo 

Bserrum, N., anp L. Epert, Quimica Inorgénica. 
Trans. by J. Pua Jantint, Labor 

Drnz£0, U. A., Arsénico y sus Sales, El Ateneo 

Ernram, F., Quimica Inorgénica. 2nd Spanish ed., 
trans. by J. SureDA BLANgEs, Manuel Marin, 1940 

GatMEs, P. J., Quimica Inorgénica. Salvat, 1946 

Grossi, A., Elementos de Quimica Inorgénica. 1941 

MELLO, J. W., Quimica Inorganica Moderna. Trans. 
by Aucrpges Catpas, 1090 pp., Pub. Globo, Porto 
Alegre, 1947 (Portuguese) 

Me vor, J. W., Quimica Inorgénica Moderna, 1946 

MonrTEQUI, R., Quimica Inorganica. 3rd ed., Madrid, 
1940 

Nove.ui A., anp A. De Prapo, Quimica Inorgdénica. 
El Ateneo 

Parkes, G. D., anp J. W. MELLOR, Quimica Inorgénica 
Moderna. El Ateneo, Buenos Aires, 1942 

Parieric, F. A., ano E. J. Hotmyarp, (Theoretical 
and Inorganic Chemistry) 

Popesta, R., Quimica Inorgénica Moderna, 281 pp., 
E] Ateneo, 1947 

RIESENFELD, E., Quimica Inorgénica. Trans. by 
Martin Savras, 800 pp., Manuel Marin, 1945 

ScHWARZENBACH, G., Quimica General e Inorgdnica. 
Trans. from 2nd German ed. by V. IRaAnzo AND 
M. G. ve Ce ts, 341 pp., Manuel] Marin, 1945 

Sarru, A., Introduccién a la Quimica Inorganica 

Laboratory Practices 

ANGELINA, N., Quimica Prdtica (reconhecimento de 
aniontes e cationtes). 190 pp., Pub. Brasil, Sao 
Paulo, 1945 (Portuguese) 

Biirz, F. anv G., Prdcticas de Quimica Inorgdnica. 
Trans. from 4th German ed. by C. LANA SARRATE, 
Manuel Marin, 1922 

Craver, 8. M., anpD V. F. Martinez, Problemas de 
Quimica. E) Ateneo, 1946 

De Cents, M. G., Prdécticas de Quimica Inorgénica. 
Saeta, 1942 

Quinteta, D. M., 1° Caderno de Quimica Pritica. 
294 pp., Pub. Jornal do Comercio, Rio de Janeiro, 
1941 (Portuguese) 

RissenFeww, E. H., Prdcticas de Quimica Inorgénica. 
Qnd ed., trans. by J. M. Pua Jantnt, Labor, 1942 
Rompp, H., Quimica Inorgénica Experimental. Trans. 

by C. Busquets, Editorial Ars, 1944 ‘ 

Smrru, A., Quimica Inorgénica Experimental 

Spraaue, N. G., Préctica de Laboratorio. Ediciones 
del Tridente S. A. C. e. I. 


3. 


Analysis 
(a) Theories of Analytical Chemistry 


(6) 


Kuopstocx, M., Técnica de los Métodos de Andlisis 
Clinicos, Labor, 1943 

General Treatises : 

Andlisis Quimico Cuantitativo. Trans. by A. GARCIA 

Banus, Espasa-Calpe, 1922 
Vol. 1 
1. PrcuMann, H. von, Fundamentos Teéricos 
2. Honiascumip, O., ano E. ZintL, Andlisis 
Gravimétrico 
Vol. 2 
3. ScHLENKE, W., Andlisis Volumétrico 
4. Heute, F. W., Introduccién al Andlisis Ele- 
mental Orgdnico 

ANDRESOR AND T. H. Hazienurst, Andlisis Cuantita- 
tivo. Pan-Am., B. A., 1946 

Basor, J. A., AND J. K. W. Macaupine, Como Re- 
solver Problemas Numéricos en Andlisis Cualitativo. 
123 pp., Manuel Marin 

Bata DE CELA, J., Andlisis y Ensayos Quimicos Indus- 
triales. Bosch 

Beri-LunGce-D’Ans, Métodos de Andlisis Quimico 
Industrial. From 8th German ed., 5 tomes in 6 
volumes. (In process of publication.) Labor, 1944 

Ruscarons, F., Andlisis Inorgdnico Cualitativo Siste- 
mdtico. Manuel Marin, 1944 

Buscarons, F., AnD F. ArnicHEs, Andlisis y Arancel 
de Productos Quimicos. Herder, 1936 

Casares Git, J., Tratado de Andlisis Quimico. 2 
vols., 4th ed., Victoriano Suarez, 1932, 1935 

Curesa, A., Quimica Analttica Aplicada y Control de 
Fébricas. Vol. 1, El Ateneo, 1947 

CuassEN, A., Tratado de Andlisis Quimico Cuantitativo 
y Cualitativo. Trans. from 7th German ed. by José 
EstaLeLua. Gustavo Gili, 1924 

Crows, F., anp J. B. Coteman, Andlisis Qutmico 
Cuantitativo. El Ateneo, 1947 

CurtTMAN, .L. J., Quimica Analttica Cualitativa. 
Trans. by Epvarpo Lins, 584 pp., A Casa do Livro, 
Rio de Janeiro, 1947 (Portuguese) 

CurTMaN, L. J., Andlisis Quimico Cualitativo. 3rded., 
trans. by Ciaro AtiuE, Manuel Marin, 1945 

DA Siiva, F. N., Apontamentos de Quimica Analitica. 
1946 

Ervos, J.,anp M. Sprena, Andlisis de Laboratorio. 
E] Ateneo, 1943 

Fresenius, C. R., Tratado de Andlisis Quimica Cualita- 
tiva y Cuantitativa. 2 vols., trans. by VICENTE 
Preset, Pubul, 1920 

Hoensss, T. R., anp W. C. JoHnson, Andlisis Cuali- 
tativa. Trans., Univ. Puerto Rico, 1948 

Housrein, J. R., Metodos de, Andlisis Quimico de 
Acidos. Arg. A. Quillet, 272 pp., 1945 

Kovruorr, I. M., an E. B. SANDEL, T'ratado de Qut- 
mica Cuantitativa, Generale Inorgénica. Trans. by 
PrRELAT, E] Ateneo, 1948 

Lerre, O. C., Quimica Analitica Cualitativa—Pesquiza 
de aniontes e cationtes. 100 pp., Alba, Rio de 
Janeiro, 1942 (Portuguese) 

Lessa Juntor, U., Dosagens e Reconhecimentos. 300 
pp., Pub. Livraria Para Todos, Rio de Janeiro, 1940 
(Portuguese) 

Mesquitra, M. V. vs, Pontos de Quimica Analitica. 
190 pp., 2nd ed., Liv. Francisco Alves, Rio de 
Janeiro, 1944 (Portuguese) 

Montxqut, R., Andlisis Inorgénico Cualitativo (Teoria 
y Préctica). Madrid, 1945 

Ropricues Pingemo, J. C., Andlises Cualitativa 
Inorganica. 237 pp., Pub. Placido e Silva, Curitiba, 
Brasil, 1929 (Portuguese) 

Srrepincer, R., Prdcticas de Quimica Analitica 
Cualitativa. Morata, Madrid 1942 
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(d) 


(e) 


(f) 


(9) 


(h) 


(7) 


(3) 


(k) 


(1) 


TREADWELL, F. P., anp W. T. Hatt, T'ratado de Qui- 
mica Analitica. 2 vols., trans. from 5th ed. by 
EMILIO JIMENO AND CLARO ALLUE, 1420 pp., 
Manuel Marin, 1944-45 

TREADWELL, F. P., and W. T. Hau, Quimica Analitica. 
2 vols., trans. by ALronso Pontes, MEDEIROS 
FiLHo, AND AucipEs Ca.pas, 1568 pp., Pub. Guana- 
bara, Rio de Janeiro, 1944-47 (Portuguese) 

Vititaveccnia, G. V., Tratado de Quimica Analitica 
Aplicada. 2 vols., J. ESTALELLA’s version, 2nd ed. 
by Tomas EstTaLe.ia, Gustavo Gili, 1945 

WILLARD, H. H., anp N. H. Furman, Andlisis Quimico 
Cuantitativo. Trans. from 2nd ed. by FRANciIsco 
BuscaRONS AND JUAN VeRIcAT. Manuel Marin, 
1944 

Microchemistry and Microanalysis 

Bacw Marquet, H., Andlisis Microquimico Cualita- 
tivo. Bosch, 1942 

*BevuinG, J. (The Use of the Microscope). Servico de 
Informacao Agricola, Rio de Janeiro (Portuguese) 

Martint, A., Métodos y Manipulaciones Microquimicos, 
Rosario, 1925 

Moetter, J., Guia para Ensayos Micro-Farma. 
cognésicos. Trans. by J. Astrapa, Labor, Buenos 
Aires 

PincussEN, Micrométodos. Salvat, 1929 

van NIEUWENBURG, C. J., Manual de Andlisis Cualita- 
tivo Sistemdtico por Medio de las Modernas Reac- 
ciones a la Gota. Trans. by E. Jimeno, Manuel 
Marin, 1934 

Electrochemical Methods 

Hittner, W., Practicas del Andlisis Potenciométrico. 
Trans. by A. Garcia Banus, Manuel Marin, 1936 

*MANTELL, C. L. (Industrial Electrochemistry). Pub. 
Reverte, Barcelona 

Volumetric Analysis 

JANDER, G., Andlisis Volumétrico. Trans. by J. 
MercapDAL, Labor, 1944 

Conductivity—Polarographic Methods 

Portitto, M. R., Fundamentos y Aplicaciones de la 
Polarografia. Consejo Sup. Invest. Cientif., 1945 

Optical Methods—Emission Spectroscopy 

Barce.tL6 Matutano, J. R., Introduccién a 1a Espsc- 
troquimica con Indicacién de Otros M étodos Opticos de 
Interés en la Quimica Analitica. Manuel Marin, 
1946 

Loprz DE Azcona, Andlisis Espectroquimico de Emisién. 
Madrid, 1944 

Colorimetric Analysis 

*LanGE, B., Andlisis Colorimétrico. Manuel Marin 

Marenzi, A. D., Fotometria y su Aplicacion al Andlisis 
Biolégico. Buenos Aires, 1941 

Agriculture 

Mazza, J. A., Tratado de Quimica Analitica Cuantita- 
tiva Aplicada a la Quimica Agricola. Labor, Buenos 
Aires 

Food 

Casares, L. J., Andlisis de Alimentos. Madrid, 1942 

ComENGE, Andlisis de Alimentos. Alonso Martinez, 
Madrid ’ 

*Winton, A. L., anp K. B. Winton, (Analysis of Food, 
John Wiley & Sons), HASA, B. A., 1947 

Poisons 

Buas, L., Quimica de los Venenos. Salvat, 1941 

SaBauitsHKa, T., Andlisis Quimico-Toxicolégico. 
Labor 

Reagents 

Wicuers, E., ef al. (Committee on Analytical Re- 
agents, American Chemical Society) Normas de 
pureza de los Reactivos para Andlisis Quimicos. 
Trans. and edited by D. Castmrro Busquets, 2nd 
ed., SADAG, Barcelona, 1948 


(m) Rock and Minerals 





JOURNAL OF CHEMICAL EDUCATION 


ANGELINO, N., Elementos de Analise Mineral Cualita- 
tiva. 120 pp., Liv. Lusitana, Sao Paulo, 1941 
(Portuguese) 

Jakos, J., Guia para el Andlisis Quimico de los Rocas. 
Trans. by F. Rauricu Sas AnD M. CastILLo Comino, 
Consejo Sup. Investig. Cientif., 1944 


(n) Drugs 


Costa, A. F., anp J. Carposo po VaLE, Métodos de 
Anélise de Plantas com Alcaloides (Précticas de 
Farmacognasia). Noticias Farmaceuticas 


4. Organic Chemistry 
(a) Texts 


AMBIELLE, P., Quimica del Carbono. 2nd ed., El 
Ateneo 

BarGer, J., Quimica Orgdnica para Estudiantes de 
Medicina. Trans. by ANTONIO GracIA BANUS AND 
FERNANDO CALVET, Bosch, 1935 

Bauer, R., AND WIELAND, H., Reduccién e Hidrogena- 
cién de los Compuestos Orgénicos. Trans. by GARCIA 
Banus, Espasa-Calpe 

Buenrer, N. E., Prdcticas de Quimica Organica. 246 
pp., Pub. Guaira, Saéo Paulo (Portuguese) 

Concr1i0, G., AnD A. F. Juti1ao, Compendio de Quimica 
Organica. 312 pp., 2nd ed., Pub. Classico Cientffica, 
Sao Paulo, 1946 (Portuguese) 

FERNANDEZ, O., AND J. Gira, Tratado de Quimica 
Orgénica Pura y Aplicada a las Ciencias Médicas. 
3 vols., Toledo, 1924, 1928 

*Freser, L. F., anp M. Fisser, (Organic Chemistry, 
D. C. Heath) Atlante, Mexico, 1948 

Garcia-Junco, M., Tratado de Quimica Orgénica. 
4 vols., 8rd ed., Mexico, 1941-43 

Havuprmann, H., Introdugaéo & Quimica Organica. 306 
pp., Pub. Renascenga, Séo Paulo, 1947 (Portuguese) 

Houieman, A. F., Tratado de Quimica Orgénica. 606 
pp., 5th ed. in Spanish, trans. by J. Pascua Via, 
Manuel Marin, 1947 

Karrer, P., Traiado de Quimica Orgénica. 1098 pp., 
2nd ed. in Spanish, trans. by C. Torres, Manuel 
Marin, 1944 

Murt110, H., Tratado Elemental de Quimica Orgénica. 
448 pp., Hermanes, 1945 

Nove.tul, A., Guia de Trabajos Médicos de Quimica 
Organica. Buenos Aires, 1937 

Novel, A., AND DE Prapo, Quimica Organica. El 
Ateneo 

Novetias, R., Las Bases Orgénicas Vegetales. (Los 
Alcaloides) 1940 

Pure, I., Quimica Orgénica. Manuel Marin 

Routes, O., Prelecgées de Tecnologia Orginica. 304 pp., 
Inst. Nac. do Livro, Rio de Janeiro, 1947 (Portu- 
guese ) 

Route, O., Quimica Organica. Pimenta de Mello 
Ltda., Rio de Janeiro, 1929 (Portuguese) 

Saraiva, M., Quimica Organica Alifdtica. 3 vols. 
Vols. 1 and 2, 622 pp., Vol. 3 (Guia de trabalhos 
prdticos), 66 pp., Instituto Nacional do Livro, Min. 
da Educagao, Rio de Janeiro, 1947 (Portuguese) 

Scuienk, W., anp E. Beremann, Tratado de Quimica 
Organica. 2 vols., Morata, 1940-43 

Terra, B., Quimica Organica. 2 vols., 3rd. ed., 710 
pp., Pub. Cientifica, Rio de Janeiro, 1946 (Portu- 
guese) 

Torres, GonzaLez, C., Tratado de Quimica Orgdnica. 
2 vols., SEATA, Madrid, 1945 

Vitoria, E. P., El Acetileno. Casals, 1913 

VirortA, E. P., Quimica del Carbono. 2nd. ed., Casals, 
1940 

Zaprt, E. V., Tratado de Quimica Orgénica. 6 vols., 
E] Ateneo, Buenos Aires, 1941-47 


(b) Laboratory Practices 


*Buatt, A. H. (Organic Synthesis II, John Wiley & 
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Sons), Gili, 1947 
*Cueronis, N. D., Macro y Semimicro Métodos en la 
Quimica Orgénica. Manuel Marin 
Diets, Manual de Quimica Orgdnica. 367 pp., Trans. 
by O. C. Jimenez. Manuel Marin, 1945 
GATTERMANN, F., AnD E. WIELAND, Précticas de 
Quimica Orgdnica. 2nd ed., trans. by J. Cerezo, 
458 pp., Manuel Marin, 1945 
*GitmaN, H., (Organic Synthesis I, John Wiley & Sons), 
Gili, 1947 
Grint, L. C., Quimica Organica Industrial. El) Ateneo, 
Buenos Aires, 1945 
HENLE, F. W., Prdcticas de Quimica Orgénica. Trans. 
from the 3rd German ed. by J. Pascuat Viwa, 
Labor, 1931 
*Hicxinpotrom, W. J., Reaccién de los Compuestos 
Orgdnicos, Manuel Marin 
Joaquin DE Barrioua, Autodidaxis de Quimica Préc- 
tica. 2nd ed., Manuel Marin, 334 pp. 
Morton, A. A., Técnica de Laboratorio de Quimica 
Orgénica. Manuel Marin, Barcelona, 1948 
OrTHNER, L., AND L. RetcHet, Précticas de Quimica 
Orgénica. Trans. from the 2nd German ed. by 
Cf&sar Pi Sunsr, Labor, 1934 
Rivera, H., Preparacién de Produtio Quimica Orgdnicos. 
Albatros, 1946 
Rosaun, C. A., anp F. Grrau, Preparacién de Produc- 
tos Quimicos y Quimico-Farmacéuticos. 3 vols., 
Atlante, Mexico, 1947 
Rompp, H., Quimica Organica en Tubo de Ensayo. 
Trans. by C. Busquets, Ars, 1944 
Torres, GONZALEZ, C., Prdcticas de Quimica Orgénica, 
Saeta, 1942 
VaLLEJO, F. J., Experimentos Sencillos de Quimica 
Orgénica. 176 pp., Pan-Am., 1946 


VirortA, 8.J., Epuarpo, Précticas Quimicas. 5th ed., ° 


Casals, 1942 

Vitoria, 8.J., Epuarpi, Quimica del Carbén. 3rd 
ed., 1000 pp., Casals, 1948 

(c) Organic Analysis 

CuarkE, H. T., Andlisis Organico Cualitativo y Cuanti- 
tativo. Trans. by D. J. Casteson, Marin, 1945 

Grrat Perema, J., Andlisis Orgdnico Funcionél. 
Victoriano Suarez, 1913 

Kamm, O., Andlisis Orgénico Cualitativo. Trans. from 
lst American ed. by Eusrsio Lasata, Poblet, 1930 

*Mippieton, H. (Systematic Cualitative Organic An- 
Glisis). 2nd ed. (Arnold) 1943 

SancuEz, J. A., Quimica Analitica Funcional de 
Medicamentos Orgdénicos. 2 vols., El] Ateneo, 1941 

SraupiIncER, H., Introduccién al Andlisis Orgdnico 
Cualitativo. Trans. from 2nd German ed. by Jost 
Crrezo, Labor, 1935 

Weston, Fr. E., Compuestos de Carbono. Trans. from 
8rd English ed. by GUILLERMO BENAVENTE, PERELLO, 
1918 


5. Biochemistry . 

BanDEIRA DE Metto, J., Métodos Cuantitativos de 
Bioquimica Clinica. 384 pp., Pub. do Autor, Rio 
de Janeiro, 1948 (Portuguese) 

Barcer, E., anp R. WitstaetTtTer, Hormonas, Vita- 
minas y Fermentos. Espasa-Calpe, 1934 

Bopansky, M., Introdugio a Bioquimica (Portuguese) 

Bopansky, M. anv O., Bioquimica de la Enfermedad. 
Trans. of 1940 American ed., Mexico, 1942 

Borsoox, H., Vitaminas. Buenos Aires, 1942 

Brarr, B., Bromatologia. Buenos Aires, 1944 

Cameron, A. T., Manual de Bioquimica. Trans. by 
J. GonzaLEez Campo, Manuel Marin, 1944 

Cantrow, A., AND M. Trumper, (Clinical Biochem- 
istry, W. B. Saunders). M. Fresneda, Cuba, 1948 

CarraTALA, R., Los Barbitiricos. El Ateneo, 1933 
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CASTELLANOS, T., AND M. Grinstein, Los Valores 
Normales y Patologicos mas Aceptados en la Interpre- 
tacién de los Resultados de Laboratorio. Buenos 
Aires, 1946 

Coun, R., Las Hormonas. Espasa-Calpe, Buenos 
Aires 

Devtorev, V., anv A. D. Marenzi, Curso de Quimica 
Biolégica, El Ateneo, Buenos Aires, 1942 (New 
Edition 1948) 

Devtorev, V., anp A. D. MARENzI, Quimica de las 
Vitaminas. El Ateneo 

Division or InpustRiAL Hyereng, U. 8. P. H. S., 
Manual de Higiene Industrial. Pan American 
Sanitary Bureau, Washington, D. C., 1945 

FERRAMOLA, R., Las Vitaminas, Propiedades, Consti- 
tucién Quimica, y Valoracién. El Ateneo 

*GorTNER, R. A. (Biochemistry, John Wiley & Sons), 
H.A.S.A., Buenos Aires, 1945 

GstrrneEr, F., Métodos Fisico-Quimicos para la Deter- 
minacién de Vitaminas. Trans. by Dr. D. J. 
GonzALEA Campo. 

Harrow, B., Quimica Bioldgica. Pub. Renascenca, 
Sao Paulo, 1947 (Portuguese) 

Harrow, B., Tratado y Prédcticas de Bioquimica. 
Atlante, Mexico, 1946 

Hawk, P., B. Oser, anp W. Summerson, (Practical 
Physiological Chemistry). 13th ed., Pub. Guana- 
bara, 1948 (Portuguese) 

Hawk, P., B. Oser, anp W. Summerson, (Practical 
Physiological Chemistry). 13th ed., Pub. Inter- 
americana §8.A., 1948. 

JIMENEZ VARGAS, J., Quimica-Fisica Fisioldgica. 
Saeta, 1944 

Koutrr, F., Vitamina K, Su Importancia ,Clinica. 
Miguel Servet, 1943 

LamBuinG, E., Tratado de Quimica Bioldgica. Trans. 
by Luts Bermeso Bina, Pubul, 1932 

Lanart, A., Los Transmisoves Quimicos, Contribucién 
al Estudio Fisiolégico y Farmacolégico de la Acetil 
Colina. El Ateneo 

LEHNARTZ, Fisiologia Quimica. Trans. by J. GONZALEZ 
Campo, Manuel Marin, 1942 

Lora Tamayo, M., Modernas Orientaciones en Quimica 
de Enzimas. Saeta, 1942 : 

MarenziI, A. D., Estudios Bioquimicos sobre los 
Fenoles. El Ateneo. 

Marenzl, A. D., C. E. Carprint, R. F. BANFr, ANDF.S. 
VILALLONGA, Bioquimica Analitica Cuantitativa. 
Buenos Aires, 1946 

Mincorya, Q., Quimioterapia Antibacteriana. Sao 
Paulo, 1941 (Portuguese) 

Morera, V., Fundamentos Actuales de la Quimica 
Hematolégica. Buenos Aires, 1926 

Nove ul, A., Quimica y Bioguimica de las Vitaminas. 
Buenos Aires, 1948 

Perez, B. E., El Electrén, La Energia Bioldégica, y La 
Estructura de la Vida, El Ateneo, 1946 

Put Musset, P., Introduccién al Estudio de la Vitamina 
P. Miguel Servet, 1945 

Ronpont, P., Compendio de Bioquimica. Trans. by 
A. ARMENGOL, Labor, 1939 

Ruiz Gudén, J., Métodos Biolégicos de Valoracién de 
Hormonas y Vitaminas, y Drogas. 1943 

Sauron, M. (Outline of the Amino Acids). 1947 

SancueEz, U. J., Quimica Biolégica. El Ateneo, 1938 

Santos Ruts, A., Fermentos. Saeta, 1944 

Santos Ruts, A., Hormonas. Saeta, 1940 

Santos Ruts, A., Vitaminas. Saeta, 1941 

Santos Ruts, A., anD M. Roriiant, Vitaminas y 
Hormonas. Morata, 1943 

Szent-Gyora, A. V., Oxidacién, Fermentacién, Vita- 
minas, Salud, y Enfermedad. 124 pp., El Ateneo 

*THaATCHER, R. W. (Chemistry of Plant Life). Servico 





de Informagao Agricola (Portuguese) 

VitteLa, G. G., Bioquimica do Sangue. Livraria 
Odeon, Rio de Janeiro, 1941 (Portuguese) 

VitteLa, G. G., Vitaminas, Métodos de Dosificacién. 
Buenos Aires, 1948 


Physical Chemistry 
(a) Texts 
ALvEs DA Siva, A. B., Ligdes de Fisico-Quimica. 367 
pp., Liv. Globo, Porto Alegre, 1936 (Portuguese) 
CatvEt, E., Iniciacién a la Quimica Fisica, 2 vols., 
Apolo, 1942 
DaniELs, F., Preparacién Matemdtica para Fisico- 
quimica. Labor, Barcelona 
*DaniE:s, F., J. H. Matuews, anp J. W. WILLIAMS, 
(Experimental Physical Chemistry). Marin, Bar- 
celona 
Eacert, J., Tratado de Quimica Fisica. 2nd Spanish 
ed. from 5th German ed., Labor, 1943 
Evcken, A., Quimica Fisica. 688 pp., trans. by R. DE 
IZAGUIRRE AND C. DEL FrEsNo, Manuel Marin, 1943 
Foz Gazutia, O. R., Teorta del Enlace Apolar. Con- 
sejo Sup. Invest. Cientif., 1945 
Gatmgs, T'eorta Electrénica de la Valencia. Casals 
*GETMAN, F. H., anp F. Daniets. (Modern Treatise of 
Physical Chemistry). Pub. Hispano Americana, 
Buenos Aires 
Munoz, F., Fisico-Quimica. 2 vols., Casals, 1944 
Noyss, A. A., AND M. S. SHERRILL (Course of Study in 
Chemical Principles). (Portuguese) 
Outve, E. R., Ciencia Fisicoquimica y Natural. 1939 
Perrin, J., Los Principios de la Quimica Fisica. 
Buenos Aires, 1948 
Prapo, A. DE, Elementos de Fisico Quimica. 496 pp. 
Rivorr AtvarEz, L., Cristalografia Quimica. Consejo 
Sup. Invest. Cientff., 1945 
Saunpers, B. C., anv R. E. D. Cuarx, Orden y Cédos 
en el Mundo de los Atomos. Un Examen de la Quimica 
Moderna. Trans. by J. Esteuues, Col. Agora, 1944 
Saz, P. E., Cuadro del Sistema Periédico de los Elemen- 
tos. Iberica 
Saz, P. E., Los Coeficientes de las Reacciones Quimicas. 
2nd ed., Casals, 1942 
Saz, P. E., Nuevos Avances en la Teorta de la Valencia 
Positiva y Negativa. Casals, 1933 
Senter, G., Nociones de Fisicoquimica. 2nd ed. in 
Spanish trans. by J. Orozco Dfaz, Poblet, Buenos 
Aires, 1943 
Senet, P. 8., Estado Metdlico y Estado Sélido Seguin la 
Quimica Fisica Moderna. Consejo Sup. Invest. 
Cientif. 
Uxicu, H., Quimica Fisica. 348 pp., 4th ed., trans. by 
J. Iparz, Manuel Marin, 1947 
Viror1A, Epuarpo, La Catdlisis Quimica. 4th ed., 
Calals, 1945 
(b) Laboratory Practices 
Basor, J. A., AND G. W. TurEessEN, Como Resolver 
Problemas en Quimica Fisica. 277 pp., Manuel 
Marin 
*Davipson, A. W., anp H. 8S. van Kiooster (Labora- 
tory Manual of Physical Chemistry,’John Wiley & 
Sons), 1946 
Micuag.s, L., Manual de Técnicas de Ftsicoquimica. 
Trans. by J. Mur, Pubul, 1925 


Colloids 
ZstemMonvy, R., Coloidoquimica. Trans. by E. Moles. 
Espasa-Calpe, 1923 


Electrochemistry 


(a) Texts 
Bata Ropriauiz pg Cexa, Elementos de Electroquimica 


General. Bosch 


(6) 





JOURNAL OF CHEMICAL EDUCATION 


Buzzoni, H. A., Manual de Galvanoplastia. 90 pp., 
Manuais técnicos LEP, Pub. LEP Ltda., Sao Paulo, 
1947 (Portuguese) 

GaERTNER, V., Electroquimica. Trans. by D. Joss 
Isparz. 217 pp., Manuel Marin, 1941 

GerLinG, W., ano A. GricerR, Manual de Galvano- 
plastia. 304 pp., Bibl. Cult. Tec., Ed. e Publ. Brasil, 
Sao Paulo (Portuguese) 

Ruts Miro, A., Introduccién ala Electroquimica. Calpe, 
1922 

VivatpI, V. DE, Elementos de Electro Quimica. 218 

pp., Oficinas Graficas do Instituto de Electro- 
Técnica, Porto Alegre, 1915 (Portuguese) 

Laboratory Practices 

AupereTA, A., El pH, La Concentracién de Hidro- 
geniones en Quimica. Buenos Aires, 1939 

Fiscuer, Fr., Prdcticas de Electroquimica, Trans. by 
C. Lana Sarrate, Estudio, 1915 

Hartmann, A., Tratado de Galvanoplastia. 3rd ed., 
A. Rocu, Barcelona, 1942 

Heras, H., Métodos Modernos y Précticas de Dorado, 
Plateado, Niquelado, Cromado y Metalizaciones Diver- 
sas. Pub. Oso, 1945 

Korpatzk1, W., Manual para la Medida Préctica del 
pH en los Laboratorios Cientéficos e Industriales. 
Trans. by José SurepA BLANEs, 286 pp., Manuel 
Marin, 1942 

Montes, Electroquimica y Electrometalurgia. Gustavo 
Gili, 1924 

Miitter, M. E., Précticas de Electroquimica. 288 © 
pp., 2nd ed. in Spanish, trans. by C. DEL FREsNo, 
Manuel Marin, 1944 

PranHAusER, W., T'ratado de Galvanotecnia. Trans. 
from 6th German ed. by J. Patactos, Gustavo Gili, 
1924 


9. Tecnical Physics 


Casargs, G. J., Técnica Fisica. 4th ed., Victorian» 
Suarez, 1932 

Criavera, J. M., Curso de Técnica de las Medidas 
Fisicas y Fisico-Quimicas. 2 vols., Granada, 1935 

Garcia, I. J., Termodinémica para Quimicos. El 
Ateneo, 1947 

Gomes, F. A., Fisica. 3 vols., 298 pp., Cia Editora 
Nacional, Sao Paulo, 1947-48 (Portuguese) 

Kina, Hidraulica. Trans. by Henrique Novalis, 2nd 
ed., 350 pp., Pub. Gertum Carneiro, Rio de Janeiro, 
1948 (Portuguese) 

Kierser, J., Compéndio de Fisica. Trans. by ALVARO 
DE MaGALHaks, 4th ed., Pub. Globo, Porto Alegre 
(Portuguese) 

Lamia, E., Fisica Aplicada a la Farmacia. Trans. 
from 6th German ed. by José Batra Enias AND 
Roprico Git, 2nd Spanish ed., Labor, 1936 

LemoIne, J., AND J. Guyet, Curso de Fisica. Trans. 
by Atvaro Maaa.uags, 2 vols., Vol. 1, 282 pp., 
2nd ed. 1948; Vol. 2, 520 pp., 1942, Pub. Globo, 
Porto Alegre (Portuguese) 

Maraugs, T. N., Termodindmica, 320 pp., Pub. Ger- 
tum Carneiro, Rio de Janeiro (Portuguese) 

Pereira, U., Curso de Fisica, 676 pp., Pub. Saraiva, 
Sao Paulo, 1944 (Portuguese) 

PrrREz CARLEVARO, C. M., anv P. J. Cortes, Trabajos 
Prdcticos de Fisica Aplicada a la Farmacia. Buenos 
Aires, 1929 

Ropricuss, E. C., Fisica. 2nd ed., 322 pp., Pub. 
Classico Cientifica, Sao Paulo (Portuguese) 

Scoenserc, M., Fisica. 222 pp., Cia Editora 
Nacional, Sao Paulo, 1945 (Portuguese) 

Sears, F. W., Fisica. Trans. by Netson FRANGA 
Fourrapo. 3 vols., 1592 pp., Pub. Gertum Carneiro, 
Rio de Janeiro, 1947 (Portuguese) 

Watson, W., Prdcticas de Fisica. Trans. from 3rd 
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English ed. by D. José Majias Bovi, Labor, 1941 
Wut, P. T., Iniciacion al Estudio de la Fisica Atémica. 
196 pp., trans. by E. Alcobé, Manuel Marin, 1939 


i0. Chemical Engineering and Industrial Chemistry 
(a) Texts 


AumepiA, J. R. pe, Alcool e Distilaria. 333 pp., 
Livraria e Papelaria Brasil, Piracicaba (Portuguese) 
Bantana, H. P., Quimica Industrial (Inorganica e 
Organica). 2 vols., 2298 pp., Livraria Briguiet, Rio 

. de Janeiro, 1946 (Portuguese) 

Bitton, F., Pequetia Enciclopedia de Quimica Indus- 
trial. 30 tomos en 12.°, Bailly-Beilliere, S.A. 

BucHHEIsTEer, G. A., anD G. OrrersBaAcH, Recetario 
de Droguerta. Gustavo Gili Catvet, E., Quimica 
General Aplicada a la Industria con Prdcticas de 
Laboratorio. 2nd ed., 5 tomes (in process of publica- 
tion), Salvat, 1944-45 

Carre, P., Compendio de Quimica Industrial. 2 vols., 
Salvat, 1934 

Curessa, A., 48 Lecciones de Quimica Industrial. 
Albatros, 1946 

Detorme, J. M., Aprovechamiento de Residuos Indus- 
triales. A. Roch 

Drersacu, Manual de la Direccién de Industrias 
Quimicas. Albatros 

*DIN, Normas de Laboratorio Quimico. Trans. by 
M. Batzota, Bilbao 

DorrMan, A., Transporte de Liquidos Viscosos Indus- 
triales. (Extracted from Revista del Centro Estudi- 
antes de Ingenieria). 1939 

Formoso, A., 2,000 Procedimientos Industriales al 
Alcance de Todos. 9th ed., La Corufia, 1944 

FreytaG, H., Los Materiales de los Aparatos Quimicos. 
84 pp., Manuel Marin, 1944 

Gint Lacorte, C., Quimica Industrial. El Ateneo, 
1946 

Grrat, F., Preparacién de Productos Quimicos y Farma- 
céuticos. 3 vols., 2300 pp., Atlante, 1945 

GONZALEZ DE Tanaco, J., Las Operaciones y los Apara- 
tos Quimicos (en la Industria y el Laboratorio). 3 
vols., 1200 pp., Dossat, 1945-47 

Henetern, F. A., Compendio de Tecnologia Quimica. 
581 pp., 2nd ed. in Spanish, trans. by Jos# Pascua. 
Vita, Manuel Marin, 1945 

HESSENLAND, Prdcticas de Quimica Industrial. Trans. 
by F. Burriel, 352 pp., Manuel Marin, 1944 

Hicox, G. D., anp A. A. Hopkins, Recetario Indus- 
trial. Gustavo Gili, 1941 

Hire, Manual del Ingeniero Quimico. Trans. from 
the 2nd. German ed. by D. M. Company. Gustavo 
Gili, 1932 

JIMENO Git, E., Ciencia y Técnica. Saeta, 1940 

LanGE, O., Quimica Industrial. Trans. by José 
M. DELORME AND JUAN Mercapat, Manuel Marin, 
1930 

Leppon, G., Los Métodos més Modernos para la 
Coloracién y Preservacién de los Metales. Oso, 1931 

Lopgz, G. R., anp 8. RacaupeE Laca, La gran Industria 
Quimica. Part 1, Vol. 1, 500 pp., Grikelmo S.A., 
Bilbao, 1948 

Marros, A. R,, Agticar e Alcool no Brasil. Cia 
Editora Nacional, Sio Paulo (Portuguese) 

MEDINA CASTELLANOS AND VIAN OrTUNO, Resistencia 
Quimica de Materiales. Ediciones Ciencia y Técni- 
ca, 1944 

Mournarl, E., Quimica General y Aplicada a la Indus- 
tria. 4 vols., trans. by J. Estatenta, Gustavo Gili, 
1923-34 

*Purry, J. (Chemical Engineers’ Handbook). UTEHA, 
Mexico 

Pocu Noguer, J., La Pequefia Industria al Alcance de 
Todos. 3tomos en 12.°, Bailly-Beilliere, S.A. 


(b) 


*RiecEL, E. R. (Chemical Machinery), 1947 
Rrecet, E.R. (Industrial Chemistry), 1947 
Rius Miro, A., La Corrosién como Fenémeno Electro- 
quimico. Consejo Sup. Invest. Cientif., 1945 
Rrus Mrro, A., Introduccién a la Ingenieria Quimica. 
Alfa, 1944 
Rivera, H., Fabricacién de Productos Quimicos. 
(Albatros), El Ateneo, 1946 
Smitru, Geografia Industrial. Trans. by D. J. Satas 
Anton, Labor, 1929 
Tuorp, F. H., Curso de Quimica Industrial. 2nd ed., 
trans. by M. Marquina, Gustavo Gili 
UncGEwIrTTer, C., Aprovechamiento de los Desperdicios. 
Manuel Marin, 1940 
Vives, J., Industrias Frigorificas, Gustavo Gili, 1945 
Catalogs and Yearbooks 
Anuario de Industrias Quimicas. Ist ed., published 
by the Camara Nacional de Industrias Qufmicas, 
Barcelona, 1932 
Anuario Quimico Industrial de Espajia. Barcelona, 
1944. (A smaller edition later appeared in 1945) 
MicuHets, W., aNnD C. Przypitia, Sales Potdsicas 
Nativas. Trans. by Emiuio Sapia, Espasa-Calpe, 


11. Chemical Materials and Processes 


(a) 


(b) 


Fats or Greases. Oils, Soaps, Adhesives 

Cotom, Vira, R., Aceites y Grasas. Su Extraccién 
por Disolventes y Refinacién Industrial. Casals, 1945 

Derte, C., anp W. Scurautu, Tratado de Jaboneria, 
Trans. by J. Estatevia, Gustavo Gili, 1923 

Dfaz, P. F., Manual del Perfumisia y Jabones. Bol, 
Bib. Mexico (Hermanes), 1942 

ENGELHARDT, Manual del Fabricante de Bujias 

Garcia Romero, A., Anuario de la Industria y Comere 
cio del Aceite. Pub. Excelsior, 1945 

MaAnGRANE, D., Progresos en la Quimica de los Aceites, 
Grasas, y Derivados Industriales. Espasa-Calpe, 
1944 

ManaGRanE, D., Quimica Analitica y Fisiolégica de loa 
Aceites y Grasas negetales y Animales. Espasa 
Calpe, 1929 

MAnGRANE, D., Andlisis de Jabones y Grasas. Bar- 
celona 

Micxscn, K., Colas y Masillas. Trans. by P. 
Reverte, Gustavo Gili, 1944 

Outvan, Jabones y Lejias. Araluca, 1934 

Scansett1, V., Manual del Fabricante de Jabones, 
Gustavo Gili, 1941 

Torrontecul, 8. de, 7'ratado Moderno de Fabricacién 
de Jabones. Monteso, 1931 

Wiener, T. H., La Fabricacién de Jabones y sus Pro- 
cesos Quimicos. Albatros 

Pharmaceuticals, Cosmetics, Perfumes 

AuEssanpRrI, L., Manual Prdctico de Farmacia. 2nd 
ed., Gustavo Gili 

Bras, L., Quimica de los Perfumes. Aguilar, 1943 

Bias Manapa, M., Ensayo de Medicamentos. 2 vols., 
Estanislao Maestre, Madrid, 1914, 1917 

Betys, J., Hu sei Fazer Perfumes. Trans. by C. V, 
Cruz., 112 pp., Pub. Minerva, Rio de Janeiro, 1947 
(Portuguese) 

DanigE1, V., Elaboracién de Especialidades Farmacéu- 
ticas. Serrahima and Urpi, 1936 

Dias DE Siva, R. A., Farmacopéia dos Estados Unidos 
do Brasil, Redigida pelo Farmacéutico. 1149 pp., 
Cia Editora Nacional, Sio Paulo, 1929 (Portuguese) 

Dietericu, Nuevo Recetario de Farmacia. Gustavo 
Gili 

Dorronsoro, B., Estudio Quimico de las Esencias 
Naturales Espafiolas. Impr. Clasica Espafiola, 1919 

Dorvautt, F., La Oficina de Farmacia o Repertorio 
General de Farmacia Practica. Bailly-Beilliere, S.A. 

Dronpay, 8. M., Nuevo Formulario de Perfumes 





(c) 


Cosméticos. 2 vols., Espasa-Calpe 

Durve.1e, J. P., Formulario de Perfumes Cosméticos. 
Labor 

Forneau, E., anp A. Mapinavertia, Sintesis de 
Medicamentos Orgdnicos. Espasa-Calpe, 1921 

Ga.pston, I., Hasta Llegar alas Sulfamidas. Editorial 
Lozada, Buenos Aires, Argentina, 1943 

GatTErossE, Productos de Belleza. Gustavo Gili, 1937 

GERLING, W., Fabricagao de Sabées, Perfumes e Produc- 
tos de Toucador. 2nd ed., 260 pp., Pub. Brasil, Sao 
Paulo (Portuguese) 

GIL@ AND Branpt, Farmacognosia, Materia Farmacéu- 
tica Vegetal y Animal. 2nd ed., Labor, 1942 

Hacer, T'ratado de Farmacia Préctica. Trans. from 
3rd German ed. by Enrique Soter BatTiie. 3 
vols. (a fourth volume in preparation), Labor, 1943 

*Jenkins, G. L., anp W. H. Hartune (Organic Me- 
dicinals, John Wiley & Sons), 1947 

MepicaMENTA, Formulario-Guia para Farmacéuticos, 
Médicos, y Veterinarios. 2 vols., New Edition, 
Labor 

Orero, E., Andlisis de Grasas, Colas y sus Mezclas 
Comerciales. Dosset, 1946 

Pauacios, J., Procedimientos de Fabricacién de Espe- 
cialidades Farmacéuticas. Morata, 1934 

Pavacios PELLETIER, Secretos de belleza; Quimica de 
Tocador. A. Roch 

Piyoan, M., anp C. H. Yeacer, Breve Formulario 
Médico de Drogas Esenciales de Uso Frecuente. 
Charles C Thomas, Springfield, Ill., 1945 

RacHINEL, Productos de Belleza. A. Roch, 1942 

Roig Crrpa, V., ano G. IGixestas, Medicamentos 
Inyectables. Teoria y Practica de su Preparacién. 
2nd ed., Saber, 1945 

Scoenk, D., Prédcticas de Quimica Farmaceutica. 
Trans. from 2nd German ed. by Pasio CrreRa, 
Labor 

Scumipt, E., Tratado de Quimica Farmacéutica. 3 
vols., 2nd ed., Espasa-Calpe 

TORRABADELLA, P., La Perfumeria Moderna. El 
Ateneo U. 8. PHARMACOPOEIAL CONVENTION, La 
Farmacopea el Médico. 1940 

Vivas, S., Recetario Moderno de Perfumeria y Cosmé- 
tica. 2nd ed., Monteso, 1940 

Winter, F., Perfumeria Moderna. 
KrAmer, Gustavo Gili, 1944 

Textile Industry, Dyeing 

Brancul, D., Fibras Texteis. 
de Janeiro (Portuguese) 

Buianzakrt, D., La Retama. 1938 

Buanzart, D., Materias Textiles. Muinerales, Vegetales, 
Animales, Artificiales, Andlisis, Acondicionamien- 
to. 2nd ed., Bosch, 1942 


Trans. by MarTIN 


Ao Livro Técnico, Rio 


Castany Sauapriaas, F., Andlisis de Tejidos. Gus- 
tavo Gili, 1944 

Corners, M. P., Fibras Texteis e Celulose. 270 pp., 
Impr. Nacional 

HEERMANN, Tecnologia Quimica de los Teztiles. 
Trans. by D. J. Mercadal, Gustavo Gili 

Herzoc, Enciclopedia de la Industria Textil. Trans. 


by Ricarpo Ferrer aNnp Daniet BLANzartT, 4 
vols., Gustavo Gili, 1935 

Horp, U., Las Materias Colorantes en los Productos 
Alimenticios y Utensilios, Envases,  Envolturas, 
Tejidos, etc. Buenos Aires, 1941 

NELSON DE VicEeNnz1, A Indistria Brasileira de Aniagem. 
Editado pela Comissio Executiva Textil do Minis- 
tério do Trabalho, Indidstria e Coméricio. 230 pp., 
Journal do Comércio, Rio de Janeiro, 1947 (Portu- 
guese) 

*OnEY, L. A. 
Chemical Technology of the Fibers). 
Buenos Aires 


(Textile Chemistry and Dyeing, Part I, 
El Ateneo, 


(d) 


(e) 


(f) 


(9) 


(h) 


*D’ ALELIO, G. F. 


*Rocuow, E. G. 





JOURNAL OF CHEMICAL EDUCATION 


R1iQquELME-SANCHEZ, M., Quimica Aplicada a la Indus- 
tria Textil. 5 vols., Manuel Marin, 1929-36 

Sancuez, M. R., Quimica Aplicada a la Industria 

Textil. 5 vols., Manuel Marin 

Vol. 1. Quimica de las Materias Colorantes 
Vol. 2. Blanqueo de Fibras Textiles 
Vol. 3. Tintura de Fibras Textiles. 584 pp. 
Vol. 4. Hstampado de Fibras Textiles. 477 pp. 
Vol. 5. Aprestos y Acabados. 

SxInk1E, J. H. (Textile Testing). Trident, B. A., 1945 

Wood, Paper 

Yantormo, J. A., Tratado Prdctico Sobre la Industria de 
la Destilacién de Leta y sus Derivados. Buenos 
Aires 

Rubber, Cellulose, and Artificial Silk 

Eeypio, M. pe Castro £ Sinva, Industria de Celulose. 
287 pp., E. G. Revista dos Tribunais Ltda., Sao 
Paulo, 1943 (Portuguese) , 

FERRER CoMBELLER, Industrias del Caucho y otras 
Pldsticas. Monteso, 1942 

Piuneuian, M., Quimica de la Celulosa. 
del Tridente 

Restner, G., La Industria del Caucho y sus Sucedéneos. 
1939 

Wittems, P., La Seda Artificial. Cervantes 

Wotrr, H., Hl Caucho y sus Aplicaciones Industriales. 
A. Roch 

Celluloids, Resins, and Artificial Plastic Materials 

BRANDENBURGER, K., La Era de las Materias Pléasticas 
Artificiales. Trans. by J. SurepA Buanes, Manuel © 
Marin, 1943 

Burke, F., Fabricaci6n y Trabajo del Celuloide, Bakelita, 
Gelatina, Ebonita, y Demas Materias Plasticas Artifi- 
ciales. Oso, 1943 - 

(Plastics, John Wiley & Sons), 1947. 
Also in Portuguese 

Dear, D. A. (Plastic Molding) Trident, B. A., 1945 

Guoae, J., Las Materias Plésticas y su Modelado Indus- 
trial. Iberia-Joaquin, Barcelona, 1945 

Riveri, H., Pldsticos y Otros Derivados de la Caseina y 
la Celulosa. El Ateneo, 1947 

(Silicones, John Wiley & Sons), 1947 

Tomeo, M., Las Resinas. Salvat, 1939 

Waaner, H. F., Resinas Artificiaies. 192 pp., trans. 
by Ramon Carrera Linares, Manuel Marin, 1947 
Wot re, B., Los Plasticos. El Ateneo, 1947 

Wo rr, H., Materias Pldsticas. Productos Artificiales 
de Aplicacién en las Industrias, Artes, y Oficios. 
8rd ed., A. Roch 

Lopez .Garcia, R., anp F. Castro XaNxz, Nomencla- 
tor de Materias Plésticas, Editorial Seix, Barral S. A. 
Barcelona, 1947 

Paints, Varnishes, and Lacquers 

CorFiGnigr, Ch., Barnices. Salvat, 1934 

GerR.inG, W., Fabricagé de Tintas, Vernizes e Lacres. 
197 pp., Pub. Brasil, Sao Paulo (Portuguese) 

Meyer, M., anp P. Bonomt pa Monts, Colores y 
Barnices. Gustavo Gili 

Smita, J. W., Barnices, Pinturas, y Esmaltes Celuldsicos. 
A. Roch 

Ceramics, Glass, and Cement 

AuBeErti, T. pp, Propiedades y Fabricacién de Cales y 
Cementos. Puig Alfons 

ARMANDO DE ArRUDA Perretra, Indistria Cerémica. 
490 pp., Pub. Livraria Martins, 1947 (Portuguese) 

DIN, Normas de Ensayo de Materiales Refractarios. 
Trans. by M. Batzoua anv D. Darnis, Bilbao, 1944 

Garcfa, M., ano J. Vipat, Manual Completo de Cerém- 
ica. 2 voils., Santos, Madrid, 1936 

Het, R., A Prdtica da Cerémica no Brasil. 
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270 pp., 


8rd ed., Pub. Edanee, Siio Paulo, 1947 (Portuguese) 
Kuta, R. F., Tratamiento Moderno de Cerdémica 
(Mecdnica y Manual) Serrahima 7 Urpi, 1944 
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Lea, F. M., ano C. H. Descu, Quimica del Cemento y 
del Hormigén. Trans. by Ap. Marcarit, Manuel 
Marin, 1941 

Mazzoccui, L., Cales y Cementos. Trans. by L. 
ALVAREZ VALDES, Gustavo Gili, 1933 

Namias, R., La Fabricacion de Espejos y el Decorado del 
Vidrio y Cristal. Bailly-Bailliere 

ReEvERTE, P., Industria Ladrillera. Gustavo Gili, 1945 

Rico, S., Fabricacién de Ladrillos y Tejas. 3rd ed., 
Puig Alfonso 

Wirt, J. C. (Portland Cement Technology), Manuel 
Marin, B. A., 1947 

Tanneries, Tanned Leather 

FERRER CoMBELLER, R., Fabricacién de Extractos 
Curtientes y Curticion de Pieles. Métodos Modernos 
para la Obtencién de Cueros. Monteso, 1944 

GanssEr, A., Manual del Curtido. Gustavo Gili 

Gnamn, H., Fabricacién de Curtidos. Trans. by 
P. Reverte, Gustavo Gili, 1945 

Smitu, P. I. (Principles and Processes of Light 
Leather Manufacture.) Trident, B. A., 1945 

Fuels Petroleum and Lubricants 

Dong, W. A., El Carbon y sus Aplicaciones Cientificas. 
Trans. by A. L. VitteGas EscupEro. Espasa- 
Calpe, 1923 

Eeypio M. pg Castro £ Sitva, Rochas Oliginas de 
Tremembé. (Portuguese) 

G6émez Armanpa, V., Introduccién a la Quimica de los 
Carbones. Consejo Sup. Invest. Cientif., 1945 

Inriesta Motero, F. L., Aspecto Quimico de la 
Moderna Técnica de Carburantes. Consejo Sup. 
Invest. Cientif., 1945 

Joaquim DE Assis Rrserro, Notas Sobre O Emprego do 
Carvéo ‘Pulverizado Em Locomotivas e Caldeiras 
Fizas. 60 pp., Of. Auto-Tip. de E. F. Central do 
Brasil, Rio de Janeiro, 1916 (Portuguese) 

Katicuevsky, V. A., A Admiravel Indistria do Petréleo. 
Trans. by C. E. Nasuco pg Aravso Jor., 236 pp., 
Edigraf, Ltda., Siéo Paulo, 1945 (Portuguese) 


Koruny, E., ann K. Krexetar, Combustibles y 


Aceites. Labor, 1945 
LoNnGoBAkDI, E., Geoquimica de los Petréleos de Argen- 
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Nasuco pE Aravuso Jor., C. EH. (Collaborators 
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*Netson, W. L. (Petroleum Refinery Engineering), 
Pub. Argonauta, Buenos Aires 
Rorug, O., Petréleo-Métodos Analiticos. 107 pp., Rio 
de Janeiro, 1939 (Portuguese) 
Sevitya Ricuart, E., Quimica del Motor (Carburantes y 
Lubricantes) 
Explosives. War Gases and Illuminating Gases 
Bias, L., Quimica de Guerra. 4th ed., Salvat, 1940 
Ezama Sancuo, Quimica de los Explosivos. Afrodisio 
Aguado, 1941 
Geruinc, W. AaNpd oTHERS, Fabricante Pirotécnico. 
244 pp., Pub. Brasil, Sao Paulo (Portuguese) 
GILLER, Gases de Guerra. Manuel Marin, 1941 
IzquieRDO CrosELLES, Manual del Arma Quimica. 
Espasa-Calpe, 1940 
Martinez Vivas, J., J. Rosas FErIGENSPAN, AND 
J. FERNANDEZ LapREDA, Pélvoras y Explosivos 
Modernos. 3rd ed., Morata, 1944 
Morata, J., Guerra Quimica y Bacteriolégica. Bar- 
celona, 1938 
Reia Cerpa, V., Gases de Guerra. Saber, 1939 
Photography 
Brunet, G., Enciclopedia del Fotégrafo Aficionado. 
Bailly-Bailliere ‘ 
Campana, A., Orientaciones Fotogrdficas. 3 vols. 
(nos. 2 and 3 in preparation) Revista Sombras, 1945 
Namias, R., Enciclopedia Fotogrdfica. 6th ed., Bailly- 
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Bailliere, 1935 

Sassi, L., Recetario Fotogrdfico. 3rd ed. in Spanish 
from the 5th ed. in Italian, Gili, 1938 

VaLiveE, M., Tratado Moderno de Fotogrdéfia. Monteso 

Wanpber.ey, F. L., Corregéo do Negativo. 104 pp., 
Pub. Iris, Sao Paulo, 1948 (Portuguese) 

...Fotografar-Arte e Técnica. 204 pp., 3rd ed., Ag. 
Ed. Iris, Sao Paulo, 1948 (Portuguese) 

Inks 

Buas, L., Quimica de las Tintas. Saeta, 1944 

Foods 

Anpes, L. E., Fabricacién de Conservas Alimenticias. 
Trans. by Enrique CaALvet anp J. MERCADAL, 
Gustavo Gili, 1941 

Casares Lopsz, R., Quimica de los Alimentos. Saeta, 
1942 

CERIOTTI AND SANGUINETII, Normas y Sumarios de 
Bromatoquimica. El Ateneo 

ComENGE, M., Andlisis de Alimentos. 2nd ed., Valen- 
cia, 1943 

CoMMITTEE ON STANDARD METHODS FOR THE Ex- 
AMINATION OF Dairy Propucts, Métodos Tipo para 
el Examen de los Productos de Lecheria. La Asocia- 
cién Americana de Salubridad Pdblica, New York, 
1945 (Spanish). Instituto Nacional do Livro, Rio 
de Janeiro, 1946 (Portuguese) Contribuicao ao 
Estudio do Late. Trabalhos apresentados ao 2° 
Congresso Nacional da Associacao Quimica do 
Brasil. 213 pp., Impresa Nacional, Instituto 
Nacional do Mate. (Portuguese) 

Gravata, A., A. MULLER, O. Monte, ann J. FerRerRA, 
Fituo, Manual da Mandioca, 299 pp., 1942 
(Portuguese) 

Horp, U., Las Materias Colorantes en los Productos 
Alimenticos. Buenos Aires, 1941 

Luovet, J., Las Industrias de la Leche. Salvat 

Lucia, Métodos Modernos de Fabricacién de Chocolate. 
Oso, 1939 

Martos, A., Uniformizagaéo dos Métodos de Anédlises 
nas Usinas de Aticar. 68 pp., Pub. Instituto do 
Alcool e Acucar, Brasil (Portuguese) 

*MaynarpD, L. A., (Animal Nutrition), UTEHA, 
Mexico, 1946 

Neves, L. B., Fabricagéo do Alcool. 314 pp., Pub. 
Revista Brasileira de Quimica, 1938 (Portuguese) 

Neves, J. B., Tecnologia da Fabricagéo do Acticar de 
Cana. 429 pp., Revista dos Tribunais, Sao Paulo, 
1937 (Portuguese) 

Ripas Marqugs, J., El Pescado como Primera Materia 
para la Industria. Santiago de Compostela 

Sanz, Queseria Moderna, 1939 

Santos Ruiz, A., Los Hidrocarburos como Substancias 
Nutritivas. Saeta, 1942 

Spencer, G. L., Manual de Fabricantes de Azticar de 
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Hierros, y Aceros, 1935 

Carpe.Lus Carreras, M., Metalografia de Hierros y 
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CARNEIRO DE Querros, H., Manual de Siderurgia e 
Minerais Metdlicos do Brasil. 148 pp., Livaria H. 
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CasTELLs, J., Metalografia del Acero. Elizalde, 1933 

pE Narpo, J. M., Metalurgia Fisica. Monteso, 1945, 
518 pp. 

FERNANDEZ LaprReDA, J. M., anp M. Vaup&s, Deter- 
minacién del Niquel en Aceros. Consejo Sup. 
Invest. Cientif. 

Ferraz, L. C., Compendio dos Minerais do Brasil. 

645 pp., Imprensa Nacional, Rio de Janeiro, 1929 
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Fresno, C. DEL, AND A. Artas FERNANDEZ, Sobre la 
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Consejo Sup. Invest. Cientif. 

GeicErR, E., Metalurgia das Ligas de Cobre. 198 pp., 
Bibl. Cult. Tec., Pub. Brasil, Sio Paulo, 1934-(Portu- 
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Gites, Cu. R., anp E. Koruny, Hierro Colado, Acero 
Moldeado, y Fundicién Maleable. Trans. by D. J. 
Serrat Bonastre, 2nd ed., Labor, 1944 

Jimeno, E., El Problema de la Corrosién Metdlica. 
Ministerio de Marina, Madrid, 1947 

JIMENO, E., AND ANToNIO MOopoLELL, Estudio de la 
Fundicién Gris y de Diversas Modalidades de A plica- 
cién. Consejo Sup. Invest. Cientif. 

LapBoriau, F., Curso de Siderurgia, Pimenta de Mello 
Ltda., Rio de Janeiro (Portuguese) 

Lana Sarrate, C., Metalografia y Tratamiento T érmico 
de Hierros y Aceros. Espasa-Calpe, Madrid 

Ment, R. F., Metalirgia do Ferroe do Ago. Trans. by 
staff of Divicaode Metalirgia do I. P. T. (Portu- 
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Romper, H., Quimica de los Metales. 
A. Fernanpez Diaz, Ars., 1944 

Ruiz-CasTeLtanos De Orteca, M., Lecciones de 
Metalurgia. Madrid, 1906 

Smm6n, E., Tratamiento Térmico del Acero. 
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13. Physical Constants, Agendas, Problems 

*ARENSEN, S. B., Como Resolver Problemas Numéricos 
en Andlisis Cuantitativo. Manuel Marin 

*ARENSEN, S. B. (Chemical Arithmetric, John Wiley & 
Sons) 

Basor, J. A., anD C. V. Kremer, Como Resolver Pro- 
blemas en Quimica General. 97 pp., Manuel Marin 

Bennett, H., Manual Bennett de Formulas Prdcticas. 
4 vols., 1941 

Betrencourt, J., Problemas e Exercicios de Quimica. 
188 pp., Pub. Gertum Carneiro, Rio de Janeiro, 1948 
(Portuguese) 

Buas, L., Agenda del Quimico. Aguilar, 1942 

Catver, 8. M., ano V. F. Martinez, Problemas de 
Quimica. 210 pp., Dossat, 1946 

Concitio, G., anp 8. Faranesotm, Problemas de 
Quimica. 290 pp., 4th ed., Pub. Classico Cientifica, 
Sao Paulo (Portuguese) 

Fatco, F., Quimica Legal. El Ateneo 

*Frank, N. H., Introduccién a la Mecdnica y el Calor. 
(McGraw-Hill) 1939 

*Frank, N. H. (Introduction to Electricity and Optics, 
McGraw-Hill) 1940 

Gassa, L., Manual del Quimico Industrial. Trans. by 
Fr. Novetuas, 2nd ed., Gustavo Gili 

Hack, H. I. W. D., Ecuaciones y Reacciones Quimicas. 
Trans. by C. Busquets, Ars., 1944 

Kaye G. W.C., ano T. H. Lasy. (Tables of Physical 
and Chemical Contents), 1913 

Knox, J., Calculos Fisico-Quimicos. Trans. by 
T. Batugscas, Manuel Marin, 1944 

Ktster-Tuiet, Tablas Logaritmicas. 2nd ed., trans. 
by D. J. Mprcapat, Manuel Marin, 1944 

Nyen, P., anp N. Wiaren, Tratado de Estequio- 
metria. Trans. by Casmmrro Busquets, Ars., 1943 

Panera, J. A., Problemas de Quimica. 2nd ed., Saeta, 


1943 
PreIL, AND JANKE, Célculo Quimico. 1948 (Portu- 


guese) 
Risosa, A. P., Problemas de Fisico-Quimica. Casals 
Srex, H., Matemdticas Superiores Aplicadas ala Quimica 
y ala Fisica. 314 pp., Manuel Marin, 1943 
Torres Sancuez, R., anp J. Gassior Liorsns, 
Problemas de Fisica y Quimica. Alma Mater, 1944 
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14. History of Chemistry 
Bauer, H., Historia de la Quimica. Trans. 4th Ger- 
man ed. by VicenTa ARNAL, Col. Labor, 1933 
Buas, L., Biografids y Descubrimientos Quimicos. 476 
pp., Aguilar, 1947 
Farapay, M.,:Las Fuerzas de la Materia e Historia 
Quimica de una Vela. El Ateneo, 1946 
Lronarp, J. N., Las Cruzadas dela Quimica. 287 pp., 
Losada, B. A., 1948 
*Moore (A History of Chemistry), Salvat, Barcelona, 
Spain 
PartineaTon, J. R., Historia de la Quimica. 
Espasa-Calpe, Argentina, B. A., 1945 
Prexat, C. E., Epistemologia de la Quimica; Funda- 
mentacién Observacional. 196 pp., Espasa-Calpe, 
Buenos Aires-Mexico, Argentina, 1947 
*Weexs, M. E. (History of the Elements and Thei; 
Discoverers) Manuel Marin 


398 pp., 


15. Dictionaries and Encyclopedias 


Aumu.tisER, A., Novo Diciondério Técnico e Quimice 
Inglés-Portugués, 5th ed., 685 pp., Pub. Livraria 
Kosmos, Rio de Janeiro, 1948 (Portuguese) 

Burcken, F. J., Vocabulério Técnico-Portugués-Inglés- 
Francés-Aleméo. 763 pp., 1947 

FurstENAvU, Dicionario de Termos Técnicos Ingles- 
Portugues. 2nd ed., 500 pp., Pub. Gertum Car- 
neiro, 1948 

Go.pBerG, M. 
cal Dictionary) 700 pp., McGraw-Hill, 1947 

Mepetrros, M. Sitva, Fr. DA, Diccionario Técnico, en 
Seis Lenguas (Portugués, Espatiol, Francés, Italiano, 
Inglés y Alemén). Lisboa, Gomes Rodrigues, 1944 

Miau1, S., Diccionario de Quimica. Trans. by Josh 
Grrat, 1002 pp., Edit. Atlante, Mexico, 1943 

Muspratt, J. S., Gran Enciclopedia de Quimica Indus- 
trial. 12 vol. Fr. Seix 

Nake, J. W., Diccionario Alemén-Espatol. Termino- 
logta de Ciencias Médicas, Quimicas, etc. Revised 
by GarRiIpo AND Quintana, Morata, 1930 

Perscu, E. 1942 (German, English, French, and 
Spanish. ..Pitman’s Technical Dictionary of Engi- 
neering and Industrial Sciences), 4 vols., 1929-32, 
Pitman & Sons 

Ratti, Ejercicios de Terminologia Quimica Alemana. 
2nd ed., Biblioteca Ratti, 1943 

ScHLoMaNN, A., Diccionario Técnico Ilustrado en seis 

: Espatol, Alemén, Inglés, Francés e Italiano. 
Berlin VDI, 1928. (The second volume corre- 
sponds to Electrochemistry) 

ScHLoMANN, A., aND R. OxpEeNnBourG, Jllustrierte 
Technische Worterbiicher. (In German, English, 
Russian, French, Italian, and Spanish) 

Tuorpe, J. F., Enciclopedia de Quimica Industrial. 
6 vols., Edit., Labor (A fourth edition in English was 
published in 1943 in 6 vols.) 

Torreias, A. A., Nomenclatura de Quimica, Dro- 
guerta, y Farmacia. Seix Barral, 1946 

Uuimann, F., Enciclopedia de Quimica Industrial. 
Spanish ed. by Dr. J. Estatenua, 14 vols. (A new 
edition is in progress.) Gustavo Gili 


16. Bibliographies 

Lora Tamayo, M., La Bibliografia del QuimicoOrgdénico. 
Madrid, 1948. (See Bibliotheca Hispana, second 
section, Nos. 3-4) 

Navarro Sacrista, J., Manual Bibliogrdfico sobre 
Industrias Quimicas 1920-40. Madrid, 1940 

Serrattacn, M., Bibliografia Quimica. Claraso, 
Barcelona, 1946 

Diaz ve ta Jara, J., Bibliografia Quimica de Autores 
Espaftoles. Garcia, Madrid, 1924 
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17. Publishing Houses, Spain 


Aguiar, M., Juan Bravo 38, Madrid 

Antonio Roca, Aragon 118, Barcelona 

Eprtoriat Ars, Paseo General Mola 21, Barcelona 

Eprrortat Bariiy-BarLureRe, Nufiez de Balboa 25, 
Madrid 

Eprror1au Dossat, Alameda 12, Madrid 

Eprrortat Lasor, §.A., Alcalé 144, Madrid, Ronda 
Universidad 23, Barcelona 

Eprtor1au Pusu, Balmes 127, Barcelona 

Eprroriat Saeta, General Mola 31, Madrid, Masens 
42, Barcelona, Tel. 82223 

EpiTor1AL Secut, Buenavista 30, Barcelona 

EpiToriaAu TrpoerArica Casas, Caspe 108, Barcelona 

Espasa-Ca.ps Eprtorses, 8.A., Rios Rosas 26, Madrid, 
Dipuracion 251, Barcelona, Tel. 11178 

Gustavo G11, Enrique Granados 45, Barcelona 

ManvEt Marin Epitorss, Provenza 273, Barcelona 

Monrtes6, Jos&, Escuales Pias 20, Barcelona 

Satvat Eprrorss, §.A., Mallorca 41, Barcelona 

SuAdrez, Victortano, Apartado 32, Madrid 


18. Latin and South American covert Houses and Libraries 
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ALBERTI, T. DE, 11h 
ALDERETA, A., 8b 
ALESSANDRI, L., 11) 
ALMEDIA, J. R. DE, 10a 


Aupatros (B. CARBALLEIRA y CrA.), Maipa 391, 
Buenos Aires 

AMENCALU, Tucumén 353, Buenos Aires 

Anaconpa, Florida 251, Buenos Aires 


Anticua Lrsrerfia Roprepo, Apartado 8.855, México, 


Dak. 

ArRsENIO Briz SancueEz, Apartado 356, Quito 

AtLantTipA, Florida 643, Buenos Aires 

CamacuHo Rotpan y Cia., 8.A., Libreria Colombiana, 
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Casa A. Barretro y Ramos, 25 de Mayo esq. J.C. 
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CurruralL, §.A., Libreria, Apartado 1.115, Habana, 
Cuba 

Dominco Mrranpa, Librerfa Peruana, Filipinas 546, 
Lima 

Eprroriau Asrit, Piedras 113, Buenos Aires 

Eprroriat ATLANTE, Altamirano 127, Mexico, D. F. 

Epirortat Kapreiusz y Cra., Moreno 375, Buenos 
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Betrencourt, J. 13 
Branca, D., lle 
Bitton, F., 10a 
Bitz, F. ann G., 2b 


CARNEIRO DE QuErRos, H., 12 
CaRRATALA, R., 5 

Carr_E, P., 10a 

CASARES Gr, J., 3b, 9 


ALVES DA Siva, A. B., 6a 

AMBIELLE, P., 2a, 4a 
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Tar Chemistry Section of The American Association for the Advancement of Science will 
hold its annual meeting in New York City on Friday and Saturday, December 30 and 31, 1949, 


in The Statler Hotel. 


A symposium on ‘Progress in Chemistry” is being planned by Professor Geergs Glocker of 
The State University of Iowa, and a symposium on ‘Some Recent Advances in Medicinal Chemis- 
try” is being planned by Dr. Robert S. Shelton of the Wm. S. Merrell Company. 

Papers for a general session are solicited. Titles and abstracts of general papers should be 
sent to Dr. Ed. F. Degering, Department of Chemistry and Chemical Engineering, Armour Re- 


search Foundation, Technology Center, Chicago 16, Illinois, on or before the first of October. 














Report of the 





@ IMPORTANCE OF THE IMPLICATIONS OF 
COLLOID CHEMISTRY IN SCIENCE COURSES: 


Iw THE preface to a high-school textbook on chemistry 
written by the late head of the science department of a 
high school in one of the Eastern states? one finds the 
following statements: 

“‘A textbook in chemistry for use today, whether de- 
signed for those who are heading toward college or for 
those who are planning a different course, must con- 
tain the real kernel of the science, if it is to prove to be a 
textbook of chemistry and not merely a book about chem- 
istry. ...1£ his pupils are preparing for college entrance 
or for state examinations [the teacher] will find in this 
book all the material needed by those pupils.... An 
effort has been made to make this book so feadable and 
comprehensible that it will be unnecessary for the 
instructor to spend valuable time in explaining and 
translating.” 

The author of this textbook has an admirable am- 
bition in wanting to offer a book fulfilling especially the 
objective last quoted. Unfortunately, even the most 
readable textbook on chemistry cannot alone do justice 
to colloid chemistry unless it is supplemented by the 
instructors’ demonstrations and detailed explanations 
of the phenomena. 

Although it must be admitted that the high-school 
textbook is of an elementary nature and the colloidal 
aspects of chemistry are only treated comparatively 
briefly, whereas the college texts are naturally of a 
specialized nature and much more advanced in their 
terminology, still this does not absolve the author of 
a high-school text from the responsibility of offering 
an up-to-date definition of matter in the colloidal state. 
It will be obvious from the following quotations that 
falling down on this responsibility can only lead to a 





1 Presented before the Eleventh Summer Conference of the 
New England Association of Chemistry Teachers, University of 
New Hampshire, Durham, New Hampshire, August 22 to 27, 
1949. 

2 Dutt, Cuarues E., ‘Modern Chemistry,” Henry Holt and 
Co., New York, 1942. 
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serious confusion in the mind of the student who has 
supposedly learned the elementary basis of colloid 


chemistry in high school, when he turns to more ad- . 


vanced texts at the college level. 

To give specific examples, I should now like to quote 
again from the high-school textbook in comparison 
with three widely accepted textbooks on colloid chem- 
istry of college grade. 

From the high-school text: 


A newer field of chemistry deals with what chemists call col- 
loidal suspensions. They are not true solutions, and they have 
little effect upon the freezing point of the medium in which they 
are suspended. They do not pass through membranes by osmo- 
sis the way true solutes do. The suspended material in a col- 
loidal suspension has particles large enough to diffuse light, but 
too small to be separated from the suspending medium by filtra- 
tion. They are so tiny that they do not settle when the suspen- 
sion stands, but they are capable of adsorbing other substances 
upon their surfaces. The tiny particles in a colloidal suspension 
are electrically charged. Glue, gelatine, white of egg, and the 
tissues of which our nerves are made are examples of colloidal 
suspensions. 

How do colloidal suspensions differ from ordinary suspensions? 
If we stir some fine sand with water, a suspension is formed tem- 
porarily. The sand soon settles to the bottom when the stirring 
is stopped. The very finest particles settle the most slowly of all. 
The sand particles can be removed from the suspension, too, by 
filtration. By adding a small quantity of gelatine to some boiling 
water, a colloidal suspension is formed. The gelatine does not 
settle when such a suspension stands, even for a long time, and 
the gelatine cannot be removed by filtration. Such behavior is 
characteristic of colloidal suspensions. 

[Colloidal] particles average about 0.000,001 mm. in diameter. 

Colloidal particles are found to be electrically charged; 
some of them carry positive charges, and others carry negative 
charges. Suppose we are given a colloidal suspension whose par- 
ticles are positively charged. If we add to it a colloidal suspen- 
sion which has negatively charged particles, the colloid will be 
precipitated. 

How are colloidal suspensions made?... There are several 
methods of accomplishing such a result.... [One of these is] 
by using a large excess of one reagent. If we add 10 cm.? of a 
molar solution of silver nitrate to 10 cm.* of a molar solution of 
potassium bromide, complete precipitation of the silver bromide 
occurs, as represented by the equation 
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AgNO; + KBr — AgBr} + KNO, 


If, however, we add a large excess of silver nitrate to a solution of 
potassium bromide, colloidal silver bromide is formed. 

How can colloids be stabilized? Sometimes it is extremely im- 
portant to prevent the precipitation of colloids. For example, 
the blood stream and the nerve tissues are colloidal. The pre- 
ipitation of either one would cause death. Dr. Fischer, of the 
University of Cincinnati, stated it was his opinion that the bad 
effect of alcohol upon the nervous system is due to its tendency 
io precipitate colloids. 


Now let me quote from some of the textbooks used in 
colloid chemistry courses in colleges throughout the 
United States :* 


Although Graham’s observations led him to distinguish two 
classes of substances, he recognized that such a classification was 
arbitrary since ‘‘in nature there are no abrupt transitions,” and 
crystalline colloids exist. Moreover, with respect to colloids, 
Graham was the first “to speak of their peculiar form of aggrega- 
tion as the colloidal condition of matter.” 

Although the limitations of Graham’s classification were recog- 
nized by Graham himself, the important investigations of von 
Weimarn with a definitely crystalline inorganic salt, barium sul- 
fate, established the view that the distinction between crystal- 
loids and colloids is not tenable and that we should speak of the 
colloidal state of matter just as we speak of the liquid, solid, and 
gaseous states of matter. Von Weimarn generalized, further, 
that any crystalline material can be made to assume the colloidal 
state under suitable conditions. A phase is said to be colloidal 
when it is sufficiently finely divided in at least one dimension. 
Strictly speaking, therefore, the term colloid should be used only 
as an adjective to define a physical system of matter usually 
made up of more than one substance. But, for convenience, we 
frequently refer to a finely divided phase as a colloid. This is 
particularly true if we are dealing with colloidal organic materials 
such as gelatine, agar, and rubber which are either noncrystalline 
or submicroscopically crystalline. 

Certain substances take up liquids strongly, swell in them, and 
become peptized to form sols. Gelatine swells in water and is 
peptized by water to give a hydrophilic sol. 

Wolfgang Ostwald first classified dispersed systems on the basis 
of the size of the particles of the dispersed phase and set the limits 
of the colloidal zone. His most recent classification is given in 
Table 1. The colloidal zone which Ostwald once referred to as 
“the land of neglected dimensions” is thus set between two arbi- 
trarily chosen limits of particle size: 0.5 u, which is near the 
lower limit of the resolving power of an ordinary microscope, and 
1.0 mz, which is somewhat greater than the diameters of ordinary 
molecules and ions. The arbitrary nature of the limits is evi- 
denced by the fact that certain substances such as egg albumin 
and hemoglobin may be molecularly dispersed in water, but the 
molecules of the compounds are so large that they come well 
within the colloidal range. For the most part, however, particles 
in the colloidal state consist of aggregates of molecules that are 
too small to be resolved in the ordinary microscope. 


From the second textbook of college grade:* 


The formation of the diffuse double layer. How can one as- 
sume the formation of a diffuse double layer at the interface of a 
solid wall and an electrolyte solution? To illustrate this we may 
consider as an example the precipitation of silver bromide from 
solutions of potassium bromide and silver nitrate. If these are 
mixed in exactly chemically equivalent proportions of medium 
concentration, a coarse precipitate will form which rapidly settles 
to the bottom. Yet if the reaction is carried out with low con- 





3 Weiser, Harry B., ‘Colloid Chemistry,” 2d ed., Jahn Wiley 
& Sons, Inc., New York, 1949. 

4 Hauser, Ernst A., “Colloidal Phenomena,’ McGraw-Hill 
Book Co., Inc., New York, 1939. 















TABLE 1 
Characteristics of Disperse Systems (Ostwald) 
Range of 
particle 
Type size Characteristics 
Coarse >0,5 uw Particles do not run through 
dispersions (>5 X 10~5cm.) a paper filter; do not dif- 


fuse; do not pass through 
a dialyzing membrane; are 
microscopically visible. 


Particles run through a paper 
filter but not an ultrafilter; 
are not resolved in an or- 
dinary microscope but are 
usually recognizable in an 
ultramicroscope; diffuse 
and pass through a dialyz- 
ing membrane very slowly, 
if at all. 


Particles pass through both 
a paper filter and an ultra- 
filter; are not visible in 
microscope or ultramicro- 
scope; diffuse and pass 
through dialyzing mem- 
branes quite rapidly. 


0.54to 1 mp 
(5 X 1075 — 
1 X 10-7 cm.) 


Colloidal dis- 
persions 


<1 mz 
(1 X 10-7 cm.) 


Molecular dis- 
persions, 
solutions 





centrations and in the presence of an excess of either one of the 
reagents, then a large proportion of the formed silver halide re- 
mains in suspension as a sol. If the reaction has taken place in 
the presence of an excess of silver nitrate, we find that the parti- 
cles of this sol will migrate toward the cathode, if placed in an 
electric field, which means that they must carry a net positive 
charge. On the other hand, if potassium bromide is in excess, we 
obtain a sol, the particles of which are negatively charged. The 
individual particles, therefore, although being identical, chemi- 
cally speaking, are definitely different from a colloidal point of 
view. 


From the third college textbook :5 


In lyophilic systems, however, the solvation of the suspended 
particles is at least as important as the existence of electric 
charges on the particles in defining the stability of the soland ex- 
plaining the causes of its coagulation. Therefore the stability 
of lyophilic sols depends upon two factors: (1) the mutually re- 
pelling forces resulting from the existence of electric charges of 
like sign on the surface of the particles; (2) the protective layer 
of solvent surrounding the suspended particles that results from 
solvation or adsorption of the dispersing medium. Thus the 
coagulation of lyophilic sols is accomplished by the removal of 
these two agencies that are responsible for preventing adherence 
of the particles. 4 

The protective action of the hydration of the particles of an 
agar sol is very clearly indicated by the experiments of Kruyt 
and his co-workers and Scarpa. When dehydrating agents such 
as alcohol are added to the agar-agar sol, the viscosity of the sol 
decreases rapidly as the alcohol concentration approaches the 
point at which the hydration of the alcohol becomes appreciable. 
Therefore it is assumed that the hydration of the alcohol, at 
concentrations approaching the maximum in the viscosity curve 
for alcohol-water mixtures, removes the water composing the 
protective film around the suspended lyophilic particle.... The 
effect of the alcohol (also acetone) is to remove the hydration- 
stability factor, thus transforming the lyophilic sol into a lyo- 
phobic one. However, the removal of the film of water has not 
been sufficient to cause the sol to coagulate. The coagulation of 
the sol is attained only by removal of the other stability factor, 
the electric charges possessed by the suspended particles.... 





5 HartMAN, Ropert J., “Colloid Chemistry,” 2d ed., Hough- 
ton Mifflin Co., The Riverside Press, Cambridge, Mass., 1947. 
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The removal of just the electric charge does not cause coagula- 
tion; the discharged sol is readily coagulated, however, by the sub- 
sequent addition of alcohol. 


From a comparison of these quotations it must be 
evident to everyone that it is high time that this con- 
dition must be changed if we want to develop a genera- 
tion fitted to the world it must live in. 

Colloid chemistry is nothing else but the chemistry of 
the world of dimensions we just may no longer overlook. 
Everyone graduating from high school today knows that 
we need tires for our automobiles, plastics for many 
household uses, they know the changes eggs undergo 
during boiling, they know that milk will curdle if not 
kept in the refrigerator, they know that soap is needed 
to wash; and if they do not yet know, they will soon 
find out, that the imbibition of alcoholic beverages will 
soon have a more or less noticeable effect on their 
ability to walk and think straight. Are they not en- 
titled to get an answer to their why’s and questions 
about the composition of the tires and plastics? To 
do this one does not need to offer a special course. 
A few hours could convey to the student all he needs 
to know to understand what colloid chemistry stands 
for and to lay the foundation for those who want to 
learn more about it later. Let me therefore, in con- 
clusion offer you an example of such a lecture.® 

Let us take two sheets of parchment paper and fold 
them into two bags. We fill one bag with a water 
solution of ordinary salt (sodium chloride) and the other 
with a water solution of pure animal glue. Both 
solutions are clear and transparent and even with the 
aid of a microscope we are unable to detect the presence 
of discrete particles. We then hang each bag in a con- 
tainer partly filled with pure water so that the bag is 
partially immersed. After a while the bags are removed 
and the water in the container carefully evaporated. 
From the water which surrounded the bag containing 
sodium chloride we will find a residue of small salt 
crystals; from that which surrounded the bag contain- 
ing animal glue there will be no trace of any residue 
after the water has been evaporated. 

What does this experiment prove? The parchment 
paper contains extremely small pores. They are large 
enough to let the sodium and chloride ions pass through 
but too small to permit passage of the smallest conceiv- 
able glue particle. Therefore, the sodium and chloride 
ions can, upon evaporation of the water, unite to form 
sodium chloride crystals. 

Thomas Graham, who deserves credit for being the 
first to make this observation in 1861, distinguished 
thereafter between those substances which would pass 
through parchment, when dissolved in water, and those 
which would not. The former he termed ‘“crystal- 
loids,” due to their ability to crystallize from solution; 
the latter, “colloids.” He derived this term by com- 
bining the old Greek expressions for glue, ‘‘kolla,” 
and alike, ‘‘eidos.” 

At about the same time another Englishman, Michael 





6 Hauser, Ernst A., J. Cue. Ep., 18, 590 (1941). 
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Faraday, made another significant discovery. By using 
appropriate lenses he passed parallel sun rays through 
various liquids placed between plane parallel glass 
plates. Whereas the passage of the rays through liq- 
uids like water and salt solution is not visible, it did 
shine up as soon as Faraday placed in the beam some of 
the so-called ‘drinkable gold” solutions, prepared 
according to the methods described by the alchemists 
of the Middle Ages. However, we need not prepare 
this particular “solution,” nor need we set up Faraday’s 
optical arrangement, in order to witness this phenome- 
non. All we have to do is observe a ray of sunlight 
passing into a darkened room, or watch the beam of 
light as it emerges from the projected booth of a 
motion picture theater onto the screen. As long as the 
room or theater is illuminated we have the impression 
of breathing perfectly pure air, since our eyes are unable 
to detect any solid or liquid matter suspended therein. 
However, as soon as the room is darkened, allowing only 
for the entry of a directed light beam, we realize that this 
is not the case. Millions of extremely small dust 
particles suspended in the air cause reflections and 
scattering of the light striking them, and this in turn 
results in our ability to follow the path of the beam of 
light. 

If we substitute water for air, and extremely fine 
gold particles (too small to be detected with the aid of a 
microscope) for the dust, we have such “drinkable gold.” 
The suspended gold particles are not visible and the 
But 


solution will be perfectly clear and transparent. 
if we pass a single light beam through such a prepara- 
tion, these discrete particles will scatter and reflect the 
light and its path through the solution will show up. 
If we place such a preparation in a parchment bag and 
perform Graham’s experiment, we will find that the gold 
will behave like the glue—it will not pass through the 


parchment paper. It is, according to Graham’s defi- 
nition, a colloid. 

As a result of what we have discussed, we can define 
colloids as substances present in an extremely fine 
degree of subdivision. We can be even more precise. 
The normal human eye is capable of seeing things if 
they are not smaller than !/250 of an inch (0.1 mm.). 
A regular microscope using white light (sunlight, arc 
lamp) as a source of illumination permits us to see 
things as small as 4/2500 of an inch (0.001 mm. or 1 
micron). 

Since colloids cannot be seen even with a. micro- 
scope, they must be smaller than 1/25, of an inch. 
On the other hand, we know that the size of simple 
molecules lies in the neighborhood of !/2:500,00 of an 
inch (1 millimicron) and that they pass through the 
pores of parchment paper. Therefore, colloids must 
be larger. As a result of such considerations the 
“colloidal range” covers dimensions between 1/5 000 
and '/» s00,000 of an inch, or from 1 to 1000 millimicrons. 

We defined matter as a colloid if it was present in the 
form of particles whose size came into the colloidal 
range of dimensions. Now we know from elementary 
physics that each body is three-dimensional (height, 
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length, and width). In the cases discussed so far, all 
_ three dimensions of the particles were colloidal, but is 
it not conceivable that only one or two dimensions of 
a body fall into the colloidal range and the third one 
does not? What are we dealing with then? 

Let us take a piece of solid gold and roll it out until 
its thickness is only '/25,009 of an inch. Admittedly, the 
sheet formed will cover a greater area than the original 
piece, but otherwise no significant change is noticeable. 
However, if we continue to reduce the thickness by 
hammering until it is from 4 to 300 millimicrons (colloi- 
dal range of dimensions) we will be surprised to find 
that this sheet has suddenly become transparent, per- 
mitting an undistorted green-tinted view through it. 
This sudden change in a specific property of a sub- 
stance could not be predicted from studying it in its 
coarse state. Many other examples can be cited which 
prove that matter in the colloidal state exhibits prop- 
erties which cannot be predicted from studying the 
same substance in its coarse form, or in solution. There 
is ample justification, therefore, for making the study 
of these properties the subject of a special branch of 
science. 

Any substance which will exhibit colloidal properties, 
when at least one of its dimensions falls within the colloidal 
range, must be classified as a colloid as far as this dimen- 
sion ts concerned. 

Colloids are distinguished from matter in other states 
of dispersion not only by those properties which undergo 
visible changes but perhaps even more particularly by 
their exceptional reactivity. By that we simply mean 
that they react with their surroundings more readily 
and effectively than the same substance if present in 
_ coarse or analytical form. 

To demonstrate this let us get a piece of charcoal. 
Divide it into two pieces of approximately the same 
weight. One piece is left as is and the other ground to 
as fine a powder as possible. Then make up a strong 
water solution of a dye such as methylene blue or 
crystal violet and place equal quantities of it in two 
glasses. We place the piece of charcoal in one and the 
charcoal powder in the other, stir well, and then filter 
through a dense filter paper. While the dye solution 
of the first glass will come through without any appre- 
ciable change in color, uncolored water will come 
through the filter from the glass containing the powder. 
The powdered charcoal has “adsorbed” the dyestuff. 
This phenomenon is called “adsorption.” What has 
caused this striking effect? Ali we need to explain it 
is some very simple mathematical reasoning. 

We certainly are justified in the assumption that the 
grinding has in no way changed the chemical composi- 
tion of the charcoal; both the solid piece and the powder 
are exactly the same substance. To facilitate our 
reasoning we will not grind the piece but divide it 
more systematiclly. 

We start with a cube of charcoal, or any other sub- 
stance, such as silver, of 1 cm. edge length. Then this 
cube will have a volume of 1 cc. a total surface area of 
6 sq. cm., 12 edges, and 8 corner points. 
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We now proceed first to cut this cube into slices 
0.5 micron or 500 millimicrons thick (range of colloidal 
dimensions), then we split these sheets into rods of 500 
millimicrons width and finally subdivide them into 
cubes of 500 millimicrons edge length. We have pro- 
duced the fabulous number of 8,000,000,000,000 cubes 
with a total of 96,000,000,000,000 edges, 64,000,000,- 
000,000 corner points, but, most important of all, the 
over-all surface of these cubes is now 120,000 sq. cm., 
or 12 sq.m.! If we add up their volume it is still 1 ce. 
If we reduce the edge length of the cubes to one milli- 
micron (lower limit of the colloidal range of dimen- 
sions) then the over-all surface of these cubes would 
amount to 6000 sq. m.! It is this tremendous increase 
in surface which distinguishes matter in the colloidal 
state from matter in other forms. 

To offer an example for a typical boundary reaction 
let us take some water and gasoline. If we shake these 
two liquids together we form what is known as an 
“emulsion.”” However, as soon as we stop agitating, the 
emulsion “‘breaks” and the two liquids, having different 
specific gravities (densities), separate into two layers. 
Now let us add a few drops of a soap solution and repeat 
our shaking. After a short time a milky fluid will result 
which, even after agitation has ceased, remains un- 
changed. 

We have now formed a stable emulsion of gasoline in 
water. What causes this stability? Obviously, it is 
the soap, which therefore is termed an “emulsifier” 
or “emulsifying agent.””’ But how does it do this? 
Soap in its simplest form is a molecule composed of a 
fatty acid salt—for example, the sodium salt of oleic 
acid. The hydrocarbon end of the molecule has an 
affinity for oil, but not for water. The sodium ion 
exhibits exactly opposite properties; it has an affinity 
for water but not for oil. Because of this double 
nature, soap molecules in contact with water will have a 
tendency to concentrate on its surface so that the water- 
hating organic acid radical can extend out into the sur- 
rounding air. 

However, if we emulsify gasoline or any other 
organic liquid which has an affinity for the fatty acid, 
in water, the soap molecules line up at the interface 
between the gasoline droplets and the surrounding 
water in such a fashion that their sodium ends are in 
the water and their hydrocarbon chains in the gasoline 
or oil. This fencelike coat of colloidal thickness pre- 
vents the droplets from getting into close contact and 
uniting. They remain emulsified. 

On the basis of what we have so far discussed, it 
would seem unnecessary to elaborate further on the 
importance of colloids in our daily life. However, the 
purpose of this lecture is not only to offer a brief, simple, 
but at the same time precise introduction into the 
realm of colloids, but also to induce the student to 
think in these new terms and learn to understand 
colloidal phenomena as we encounter them daily. 
Therefore, we will close by discussing a limited number 
of such colloidal phenomena as the average citizen is 
bound to encounter in the course of a day. 
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The soap we use to wash with is presumably the 
first colloid we meet on our day’s trip. When brought 
in contact with water it forms a sol. Its molecules 
adsorb on the surface of the dirt particles just as they 
lined up at the surface of the oil droplets in an emulsion. 
This pushes the dirt particles away from the skin, which 
gets a similar coat of oriented soap molecules, and we 
can rinse the dirt off. 

Our meals are full of colloids and their preparation 
is based on many colloidal phenomena and properties. 

The baking of bread consists of a whole series of col- 
loidal reactions, including swelling and gel formation due 
to the proteins (gluten) present in)the dough, the de- 
watering stage by the action of colloidalized starch in 
the dough, etc. 

Our cereals are typical colloids; milk—an emulsion 
of butterfat in water—is stabilized by colloids. 

If we want to obtain a strong beef broth we place 
the raw meat in cold water and raise the temperature 
very slowly. This permits the valuable water-soluble 
proteins and minerals salts to be leached out. In con- 


trast thereto, a juicy steak calls for high temperatures 
in the absence of water to start with. This causes spon- 
taneous coagulation of the proteins and clogging of the 
pores before excessive leaching has occurred. Jelly 
puddings consist of flavored lyophilic colloids like gela- 
tin, pectin, Irish moss extracts, and the like. 


To the Ediior: 

Perhaps some of your readers may be interested in 
the use I have made of color in drawing blackboard 
versions of the periodic chart. I have found those 
blackboard charts advantageous on three counts: 
certain irregularities in most published charts can be 
eliminated, the elements shown can be ljmited to those 
most useful for teaching purposes, and color can be used 
in the classification of the elements. 

I have long been accustomed to use colored chalk to 
make certain parts in blackboard diagrams, equations, 
etc., stand out more clearly. Some years ago I began 
using it to distinguish regular elements (those with com- 
plete electron shell next to the valence shell) from irregu- 
lar elements, and to distinguish metals from nonmetals 
in the short form of the periodic chart. After experi- 
menting with various colors, both on the blackboard 
and on white cardboard, I found that I preferred light 


JOURNAL OF CHEMICAL EDUCATION 


Let us get out of the house, away from the dinner 
table. 
low a charcoal tablet. It adsorbs those excess acids 
and gases which cause discomfort, and makes them 
harmless during the process of digestion. 

The tires on our car remind us that rubber is one of 
nature’s most important colloids in the daily life of our 
generation. Our concrete highways are the result of a 
very complex surface reaction causing the cement pow- 
der to react with water and set to a solid. 

We pass our water works and learn that our water is 
purified by colloidal principles. We find that the 
smoke from the stacks of large factories no longer dark- 
ens the sun, since we have learned that the colloidal 
particles constituting the smoke are electrically charged, 
and if discharged can be removed before leaving the 
stack. We observe that the sun is of reddish color 
on a foggy or smoky day. This is caused by the dif- 
fraction of the light as it passes through the atmos- 


phere filled with suspended liquid or solid particles of 


colloidal dimensions. 
This is how I would start to show how important the 
implications of colloid chemistry are in high-school 


science courses and why even at this stage of education. 


more attention should be given to the world of dimen- 
sions which has up to now been either neglected or 
misinterpreted. 


blue for the regular or base metals, and orange-yellow 
for the nonmetals. The irregular elements or structural 
metals are best shown in white on the blackboard or in 
black on the white cardboard, as are the framework and 
headings of the chart—so the attention is directed away 
from them to the regular elements and their regularly 
varying properties. 

Whatever the colors used, showing the base metals, 
the structural metals, and the nonmetals in different 
colors makes clear their distribution in the table, and 
I find that students appreciate the help such clarifica- 
tion gives them—so much so, in fact, that about three 
years ago I arranged for the printing of a supply of 
small-scale charts in color so that each student might 
keep one in his textbook. 


Leo B. Roserts 
HuntINGpoN CoLLEGE 
MoNnTGOMERY, ALABAMA 


To the Editor; 

May I call the attention of your readers to an 
unwitting violation of a Federal law which would be 
made by following the advice given in several articles 
which have appeared in Tuis JourNnau. I refer to 
the use of United States coins for any experimental 
purpose, such as is described by Harry B. Feldman in 
“The Recovery of Ag from a dime” (Tuts JouRNAL, 
26, 225 (1949)). Until a student questioned whether 
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ihe destruction of ¢oinage was legal, I used to have my 
classes determine Ag in a dime. However, when I 
wrote to ask the Treasury Department about it, I 
received an immediate reply advising me to ‘“‘cease and 
desist” from the destruction of any currency for any 
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purpose. “A violation avoided is a dime (or more) 
saved.” 
Barnet NAIMAN 


Tue City CoLLEeGE 
New Yor« City 


Kecenut- Sooke 


we THE FUNDAMENTALS OF COLLEGE CHEMISTRY 


©. Brooks King, Professor of Chemistry, The State College of 
Washington, and William E. Caldwell, Professor of Chemistry 
and Chemical Engineering, Oregon State College. American 
EBook Co., 88 Lexington Avenue, New York 16, 1949. viii + 
536 pp. 150 figs. 4ltables. 14 X 2lcm. $4. 


Tus is a brief text which attempts to present the fundamentals 
of theory and the essentials of descriptive chemistry sufficient 
for a year course. It is intended to serve “‘students who will not 
continue further in the subject as well as those who plan to take 
courses in the more specialized fields of chemistry.” The laws of 
chemical combination are presented in Chapter II and these are 
explained in terms of Dalton’s atomic theory in the following 
chapter. Chapter III then proceeds with an exposition of the 
nuclear structure and electronic configuration of the atoms, 
which serves as a basis for the discussion of electrovalence, coval- 
ence, the periodic classification of elements, and the formation of 
compounds. 

There is probably a difference of opinion as to the qualities to 
be sought in a text for first-year chemistry. Some will be at- 
tracted to this book because it presents with clarity and concise- 
ness “the basic facts and principles of the sciences.” They will 
find it to be relatively free from errors. The arithmetical work 
is elementary, only a minimum understanding of physics is re- 
quired. At the end of each chapter are simple problems or exer- 
cises which can readily be solved by a diligent student, even the 
student with very little “‘scientific aptitude.’’ In the reviewer’s 
opinion, however, conciseness has been obtained at too great a 
sacrifice of other qualities. 

The treatment of theory is too abbreviated to make the book 
suitable for the prospective chemistry major; for other students 
the greater use of theory would have more lasting value than the 
memorizing of facts. There is only meager discussion of the 
kinetic theory of gases, of thermochemistry, or of the rates of 
chemical reactions. A table of standard electrode potentials is 
given, but there is no hint that it may be used to predict whether 
certain oxidation-reduction reactions will take place. There is 
but little effort to correlate the properties of matter with the 
spatial configuration of molecules, or with the electronic config- 
urations of atoms. 

The reviewer feels that the result of this treatment will be to 
encourage the student to memorize a body of knowledge rather 
than to cultivate his reasoning ability. It is less important for 
the student to know facts than that he should acquire the habit 
of thinking, ““How do I know that this is a fact?” For example, 
tae student is told that “the formula for hydrogen must be writ- 
ten as H; and not as H”’ for “‘two hydrogen atoms are united to 
form a unit of free hydrogen.’”’ Nowhere in the book is there 

any explanation of how we know how many atoms there areina 
molecule. The student is expected to accept this very funda- 
mental concept on faith. On page 126 it is made clear that no 
one has ever counted the number of molecules in a mole. This 
should stimulate the student to ask, “How, then, is AVogadro’s 
number determined?”’ He will not find the answer in the book. 
In common with many other authors the term hydronium ion 


is used consistently in the text and the symbol, H;0+, in the 
equations. The reviewer is one of those old-fashioned chemists 
who is not convinced that the symbol H,0* is superior to the 
symbol Ht, for general use. He is not aware that the proton in 
aqueous solution is always monohydrated, nor that all other ions 
are unhydrated, as would appear from the symbols used in this 
text, e. g., Fett+, Cutt, Al+++. 

The instructor who uses this book as a text must be prepared 
not only to present ‘“‘illustrative material appropriate to the in- 
terests of his particular class,’’ but also to be more than ordi- 
narily clever in stimulating the curiosity and reasoning ability of 
his students. 


WALTER B. KEIGHTON 
SwARTHMORE COLLEGE 
SwARTHMORE, PENNSYLVANIA 


oo) ALKYLATION OF ALKANES, VOL. I: PATENTS ON 
ALKYLATION OF ALKANES 


Gustav Egloff and George Hulla, Universal Oil Products Co., 
Research Laboratories, Chicago, Illinois. A. C. S. Monograph 
Series, Reinhold Publishing Corp., 330 W. 42nd Street, New 
York, 1948. xiv + 1138 pp. Numerous tables and figs. 16 x 
23.5cem. $20. 


Tue alkylation of alkanes, typified by the reaction of isobutane 
with olefins such as butylene or propylene, is not only a fascinat- 
ing organic chemical reaction but is also of tremendous industrial 
importance. This reaction was developed into a commercial 
process by the petroleum industry about 1938 and went into wide 
application during World War II for the production of high- 
octane branched paraffinic components which were used as blend- 
ing agents in the production of 100-octane aviation gasoline. 
Peak production of alkylate during the war years was something 
like 150,000 barrels per day. 

The authors of the present volume have done a tremendous job 
in classifying and abstracting over 800 patents which have been 
issued to cover processes on alkylating alkanes. The patents 
have been classified according to processes. Catalytic alkylation 
of alkanes is treated first with patents subclassified according to 
the catalyst used. Thermal alkylation of alkanes is next dis- 
cussed, followed by the classification of patents on various com- 
bination processes and miscellaneous processes. The authors 
have also listed patents on the demethylation of alkanes, which 
is actually a dealkylation reaction. 

The authors state that they have endeavored to cover the com- 
plete range of patents in the field without regard for the merit of 
the patents considered. They have also not attempted to stress 
the relative technical legal, or economic values of specific patents. 

This volume will be an invaluable reference work for industrial 
research workers and patent attorneys interested in this field. 
Two more volumes covering the technical and scientific literature 
on alkylation of alkanes are planned. These volumes will be at 
least as valuable as Vol. I since there is a vast amount of informa- 
tion which has been declassified since the war and made available 
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for publication. Volumes II and III will probably be of greater 
interest to chemists in general than the present volume. 

The authors are to be congratulated for having carried out this 
laborious piece of work and for the thoroughness with which they 
have covered the field. 


RICHARD N. MEINART 
Carter Orn Company, RgeszArcn LABORATORY 
Tusa, OKLAHOMA 


& SCIENCE AT WAR 


J. G. Crowther, Chairman, Association of British Science Writers, 
and R. Whiddington, Head of the Department of Physics, Uni- 
versity of Leeds. Philosophical Library, New York, 1948. 185 
pp. 51 figs. 51 plates. 14.5 xX 22.5 cm. $6. 


Tue authors in this book with the help of the Scientific Ad- 
visory Committee to the British Cabinet have attempted to make 
known to the public some of the achievements of science during 
the war. They hope that thus the inaccuracies and partial de- 
scriptions previously known to the public will not “harden into 
traditions which [would] hand onto the future a misleading 
account of what was accomplished.” 

Four phases of scientific work during the war are presented, 
radar, operations research, the atomic bomb, and science and the 
sea. Of these, radar occupies the major portion of the book, 
being presented in a chronological fashion—the developments 
being explained as they occurred. Operational research, as the 
name implies, discusses science’s role in making efficient all war 
activities involving planes, tanks, mines, ships, etc., and the 
connection with radar is well pointed up. The section on the 
atomic bomb, in view of the vast quantities of material written 
on it, is no more than a good concise résumé of the basic ideas of 
nuclear fission and the role of the bomb in the war. A short his- 
torical background for the bomb is also included. The final sec- 
tion, science and the sea, discusses the problems of submarine 
warfare, observations under the sea, mines, underwater explo- 
sions, and types of missiles to be used. 

It should be noted that the book is written in a readable, 
straightforward manner. Coupled with the many informative 
illustrations, this makes the book valuable to anyone interested 
in pulling together what knowledge he has of “Science at War.” 


DANA JOHNSON 


JOURNAL OF CHEMICAL EpucaTION 
La Jouua, CALIFORNIA 


« GENERAL CHEMISTRY FOR COLLEGES 


Herman T. Briscoe, Professor of Chemistry, Indiana University. 
Fourth edition. Houghton Mifflin Co., 2 Park Street, Boston 7, 
1949. ix+773pp. 327figs. 45tables. 17.5 23cm. $5. 


“Tuts fourth edition is based upon the same objectives and 
follows the same general outline as the previous editions.”” The 
student is expected to gain an appreciation and understanding 
of the historical growth of chemistry, to be aware of the chemical 
knowledge available, and to begin to use it ‘‘in,the interpretation 
of chemical behavior and chemical changes,’’ and to extend his 
“ability to reason in terms of chemical principles” to a larger 
field than specifically covered by his textbook. The book is 
large, but “it is not intended that all this book should be covered 
in any one course. The subject matter of general chemistry is 
so extensive that each instructor must select those portions he 
wishes to present; and hence, the text must provide the material 
for a variety of selections.’”” The author attains these objectives 
in a text of unusual clarity and completeness. 

Each chapter opens with an introduction indicating the scope 
of the chapter, and closes with a group of ‘‘Review exercises” and 
“References for further reading.’’ These are, except for occa- 
sional additions, identical with those found in the third edition. 
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The new edition is set in a double-colunm format, the chapter 
sections are numbered, the tables set in a clearer and more legible 
type. The page size is increased so that approximately the same 
number of words of text as in the previous edition requires fewer 
pages. This increase in page size has permitted the enlargement 
of some of the figures. All of these changes improve the appear- 
ance of the text. 

The first three chapters have been rearranged and rewritten in 
such a way that Dalton’s atomic theory is intimately related to 
the laws of chemical combination. The two chapters on “The 
structure of the atom’ and “The electron theory of valence” 
have also been rearranged and rewritten. There is new text on 
the ionization potentials of elements, atomic and ionic radii, and 
their effect on the type of bond in the molecule. The new section 
on ‘‘Fractional distillation’? seems less clear than the correspond- 
ing section in the third edition. A new chapter on ‘Oxidation 
and reduction: balancing equations” has been written by collect- 
ing together material formerly scattered through the book and 
considerably extending it. The definition of oxidation has been 
rewritten with increased emphasis on the loss and gain of elec- 
trons in oxidation-reduction reactions. New processes have been 
added in the chapters on organic chemistry. 

The changes that have been made are no more extensive than 
one would expect in the fourth edition of a text last revised six 
years ago. They do improve the already excellent text, however, 
and those who have been using this book will be pleased with the 


changes. 


WALTER B. KEIGHTON 


SWARTHMORE COLLEGE 
SwARTHMORE, PENNSYLVANIA 


J THE SCIENCE OF PLASTICS. VOL.1I 


Edited by H. Mark and E. S. Proskauer, Brooklyn Polytechnic 
Institute, Brooklyn, New York. Interscience Publishers, Inc., 
New York, 1948. 632 pp. Numerous diagrams, graphs, and 
tables. 16.5 X 24.5 cm. $9. 


Tuts volume is merely a collection of abstracts of papers on 
plastics and related subjects, based upon the literature of 1942- 
46, and it is impossible to review it in detail. The authors set up 
an abstract service on plastics for subscribers at a substantial 
rate, and this book contains the accumulated sets which were 
presumably not subscribed for in the four-year period but were 
bound in a single volume for distribution at a much lower cost. 


H. A. NEVILLE 


LeuigH UNIVERSITY 
BETHLEHEM, PENNSYLVANIA 


# CRYSTALLINE ENZYMES 


John H. Northrop, Moses Kunitz, Roger M. Herriott, all 
with Rockefeller Institute of Medical Research. Columbia Uni- 
versity Press, Morningside Heights, New York, 1948. xxi + 
352 pp. 105 fig. 49 tables. 15.5 X 23.5 cm. $7.50. 


NEARLY ten years have passed since the appearance of the first 
edition of this book, which was initially based on a series of lec- 
tures by Dr. John H. Northrop of the Princeton laboratories of 
the Rockefeller Institute for Medical Research. In this labora- 
tory much of the initial work on the crystallization of proteolytic 
enzymes was brought to successful conclusion. A decade ago 
ten enzymes had been isolated, crystallized, and found to be 
proteins. At that time it was still a matter of controversy as to 
whether or not these crystalline proteins were the enzymes per s¢ 
in pure form. 

The new edition lists about 39 protein enzymes which have 
been crystallized, a few so recently that the identity of the crystal- 
lized protein and the enzyme has not been fully established. But 
in most instances identity of the crystalline material and the en- 
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zyme has become widely accepted. Still somewhat controversial 
is the question of the chemical structure in the enzyme-protein 
responsible for enzyme action. Some workers expect to find a 
characteristic prosthetic group in all enzymes, such as has been 
demonstrated for enzymes of the type of the Warburg yellow 
respiratory ferment. But the proteolytic enzymes discussed in 
“Crystalline Enzymes’ do not appear to have a dissociable group 
of this sort. It is thought that their activity depends rather on 
some peculiar arrangement of the amino acids in the enzyme. 
Difficulties are inherent in attempts to characterize any active 
fragment, for activity is lost as soon as the molecule is ruptured. 
One notes that the authors accept Rothen’s evidence that pepsin 
and trypsin can “act at a distance” to affect protein through a 
film of inert plastic. This brings one a rather startling realization 
of the magnitude of the chemical forces involved in enzyme 
action. 

In the present edition, after an initial chapter on the general 
chemistry of enzymes, there follow three chapters on the pepsin 
group of enzymes. Two chapters are devoted to the trypsin 
group enzymes, and one chapter each to carboxypeptidase, 
ribonuclease, and hexokinase. Two chapters are devoted to 
related work of Dr. Northrop’s group, one on crystalline diph- 
theria antitoxin and one on their work on bacteriophage, which 
latter has not been crystallized but bears analogue to enzymes in 
its action. Next, a chapter is devoted to the reactions of enzymes 
and proteins with war gas, mustard gas, based chiefly on war 
work of Herriot, Anson, and Northrop. Many will be especially 
interested in the final chapter on ‘“‘“Enzymes and the Synthesis of 
Proteins,” bearing such subtitles as: “Synthesis by the Addition 
of Energy; A Working Hypothesis for the Synthesis of Proteins; 
Formation of Enzymes from Their Precursors; Formation of 
Viruses; Formation of Adaptive Enzymes, and Formation of 
Antibodies.” In a 61-page appendix the enzyme worker will find 
concise descriptions of certain techniques for preparation of 
crystalline enzymes and for estimation of proteolytic enzyme 
activity. The bibliography cites about 490 references covering 
the literature to the latter part of 1946. 


CLIFFORD 8, LEONARD 


Yaue Mepicat ScHoou 
New Haven, ConnectTIcuT 


# FATTY ACIDS AND THEIR DERIVATIVES 


A. W. Ralston, Assistant Director of Research, Armour & Co. 
John Wiley & Sons, Inc., New York, 1948. vii + 986 pp. 56 
figs. 14 X 21 cm. $10. 


Lone-chain aliphatic chemical compounds derived from fatty 
acids have been available on the American chemical market only 
within the past two decades. Their appearance is a notable in- 
stance of the enrichment of our chemical resources through a pro- 
gram of fundamental chemical research in industry. The work 
that Dr. Ralston directed for Armour & Company, starting in 
1931, had its inception in the realization that fatty acids, avail- 
able in large quantity as a by-product of the recovery of glycerin 
from fats, were only inefficiently used if relegated to the soap 
kettle. 

In 1946 Dr. Ralston received the Midwest Award of the St. 
Louis Section of the American Chemical Society for his achieve- 
ments in this field. The present volume must be added to the 
list of those achievements. What Dr. Ralston has done here is 
to hand down to the physical chemist and the organic chemist 
into whose hands will pass the many fascinating problems that 
remain to be worked out in the chemistry of fatty acid derivatives 
“an exhaustive compilation of the results of previous scientific 
inquiry on the subject, right up to the date of publication and in a 
form that will appeal to the research worker as both practical and 
convenient. His benefactors in this will always be thankful 
that the author hed the enthusiasm to undertake so formidable a 
task, and the energy to complete it when he did. He could not 
have known that his time would be so short. Dr. Ralston died at 
49 in December of the year his book was published. 
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The title of the book is perhaps too broad. No attempt is made 
to deal directly with the present fatty acids of commerce or the 
technology or economics of their production and uses. The alkali 
metal soaps do not come in for extended treatment as derivatives; 
in fact 16 pages suffice to cover all the metallic soaps. The nat- 
urally occurring fats and waxes are expressly excluded, as is any 
review of work on the composition and structure of naturally oc- 
curring glycerides. This is a book on the individual fatty acids, 
considered as starting materials for chemical synthesis, the meth- 
ods by which they are obtained, the reactions they undergo, and 
the character and uses of products prepared from them. 

Three chapters are devoted to separate discussions of the indi- 
vidual acids; the first deals with the saturated acids, the second 
covers the mono- and polyethylenic acids, and the third includes 
the acetylenic, hydroxy-, keto-, cyclic, and dicarboxylic acids. 
Succeeding chapters then take up: (4) methods by which the nat- 
urally occurring fatty acids are prepared from fats, isolated and 
identified; (5) the structure and physical properties of the fatty 
acids in both the solid and liquid state; (6) reactions not involv- 
ing the carboxyl group, including oxidation, hydrogenation, halo- 
genation, additions, substitutions, polymerization, isomerization, 
and pyrolysis; (7) the fatty acid esters; (8) nitrogen-containing 
derivatives; (9) the alcohols and their esters, ethers, mercaptans, 
sulfides, sulfonates and related compounds; (10) anhydrides, acid 
chlorides, aldehydes, ketones and related compounds; and (11) 
aliphatic hydrocarbons and metallic soaps. The author then 
adds a final chapter (12) to bring the subject matter of each of the 
preceding chapters up to date by inclusion of new work published 
while the book was in preparation. 

The general style of writing is that of the survey report, with 
citations to the original literature supporting practically every 
statement made. Numbered references in each chapter, col- 
lected at the end of the chapter, average well over 400. These 
references alone occupy more than 100 pages, over 10 per cent of 
the book. An excellent subject index occupies 41 pages. An 
author index, if complete, would have to be several times as large 
and is properly omitted. An omission that seems unfortunate, 
however, is that of an adequate table of contents showing the 
organization of the text and locating its subdivisions. The 
present contents page lists only the chapter headings. 

This is a thick book and tight-packed. Type size and margins 
are ample but the pages, for the most part, are crowded with fac- 
tual information. Onehas the feeling in using it that every effort 
has been made to keep the size down to 1000 pages and sti} get 
all the manuscript in. There is generous use of chemical equa- 
tions and structural formulas where called for, but except in the 
sections dealing with the physical properties of the acids and those 
of the nitrogen compounds one could wish for more tables and 
diagrams in illustration of the text. Numerical data that would 
be more quickly grasped if tabulated are embodied in paragraphs 
of solid text, and single paragraphs are sometimes as long as two 
full pages or more. Where tables are presented, the type size is 
frequently very considerably reduced. , 

These concessions to space limitations may prove an obstacle 
to the casual browser, but they will mean very little to the re- 
search workers for whom the book is primarily designed. Chem- 
ists in any field will find its reviews interesting, and any graduate 
student on the prowl for a thesis problem will find here a store- 
house of suggestions for new work. Certainly no chemical refer- 
ence library of any size should be without its copy of Ralston. 


ROBERT N. WENZEL 
WestinaHouss Researcu LABORATORIES 
East Pirrspurcu, PENNSYLVANIA 


3 TECHNIQUES IN EXPERIMENTAL ELECTRONICS 


C. H. Bachman, Associate Professor of Physics, Syracuse Uni- 
versity. John Wiley & Sons, Inc., 1948. vii + 252 pp. 128 
figs. 23 tables. 22 X 14.5 cm. $3.50. 


Tue word electronic still has a magic quality only slightly dim- 
med by the newer term atomic. It would seem that the author 
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of this volume is leaning on the magic of the former word to help 
sell the book. Certainly, large groups of people who consider 
themselves experts in experimental electronics are not acquainted 
with Knudsen gages, glass-blowing techniques, and the prepara- 
tion of organic films. Yet these are topics of importance in a 
volume devoted to the “study of control, assembly, utilization, 
and techniques of working with controlled beams of charged par- 
ticles in vacuo or at very low pressures.” Of 16 chapters, only 
two deal with the production of charged particles, and this at the 
level of a good first-year physics course. 

The major part of the book deals with techniques of high- 
vacuum systems and as such has some real value, in spite of 
the fact that the material is largely descriptive. The book is 
suitable for the technician or graduate student, as an introduction, 
to work with vacuum systems. There can still be a lot of grief, 
however, between the brief notes of the book and success in actual 
laboratory practice. 

The material of the volume may be divided roughly into two 
parts: first, equipment, including vacuum pumps, traps, baffles, 
gages, slow leaks, valves, joints, controls, and gadgets; and sec- 
ond, techniques, including glass blowing, leak detection, produc- 
tion and control of charged particles, and assembly of electronic 
devices. 

Many fundamental and worth-while techniques are described, 
but putting them into practice will require almost as much work, 
trial, and error as if the book did not exist. 


E. P. LITTLE 
Harvarp CompuTaTION LABORATORY 
CAMBRIDGE, MASSACHUSETTS 


ae BIOCHEMICAL PREPARATIONS, VOL. I 


Edited by Herbert E. Carter. John Wiley & Sons, Inc., New 
York, 1949. xi+ 76 pp. ltable. 5.5 X 23.5 cm. $2.50. 


Tus volume is a welcome addition to the literature of bio- 
chemistry, providing as it does information for biochemistry simi- 
lar to that which “Organic Syntheses” provides for organic 
chemistry. It is the intention of the editors to provide in this new 
series directions for the preparation of compounds which are not 
readily available commercially and which can be prepared from 
available starting materials. Techniques of general application 
in preparative work are included with emphasis on isolation meth- 
ods, although synthetic procedures are also included. As with 
the “Organic Syntheses’”’ series, all methods included in the pres- 
ent series will be checked and rechecked to ensure their accuracy. 
In addition, the present series has included for each preparation a 
section entitled ‘‘Properties and purity of product,” which will be 
helpful in indicating necessary precautions in experimental pro- 
cedure and in evaluating the purity of the final product. 

This first volume includes the preparation of the following sub- 
stances: 


Adenosine Diphosphate 

Adenosine Triphosphate 

L-Alanine and L-Serine 
Azobenzene-p-Sulfonic Acid Trihydrate 
p-Hydroxyazobenzene-p’-Sulfonic Acid 
5-Nitronaphthalene-I-Sulfonic Acid Dihydrate 
Casein 

B-3,4-Dihydroxypheny]-L-Alanine 
Diphosphopyridine Nucleotide 

The a-Glucose-l-Phosphates 
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L-Glutamine 
DL-Glyceraldehyde-3-Phosphoric Acid 
Lycopene 

L-Lycine Monohydrochloride 
Lysozyme 

D Tyrosine 


ABRAHAM WHITE 
UNIVERSITY OF CALIFORNIA 
Los ANGELES, CALIFORNIA 


& THE CHEMICAL ARTS OF OLD CHINA 


Li Ch’iao-p’ing, Professor of Chemistry, National Northeastern 
University, Mukden. China. Journal of Chemical Education, 
Easton, Pennsylvania, 1948. viii + 215 pp. 83 figs. 15.5 x 
23.5 cm. $5. 


IN THE preface, the author states that: ‘‘No detailed and sys- 
temic statement on the history of chemistry in China having been 
published heretofore, a work on this subject may be of importanc 
to both historians and chemists.”’ Dr. Li Ch’iao-p’ing has indeed 
fulfilled his purpose to present an account of certain chemica! 
industries of old China. The book is an enlarged and revised 
translation of a Chinese original published in 1941 by the author. 
It consists of 15 chapters dealing with the following subjects: 
alchemy, metals, salt, ceramic industries, lacquer and lacquering, 
gunpowder, colors and dyes, vegetable oils and fats, incense, essen- . 
tial oils and cosmetics, sugars, paper, leather and glue, soybean 
products, alcoholic beverages, and vinegars. Each chapter begins 
with a brief historical development and is followed by detailed 
description of the preparative methods. Most of the descrip- 


tions are translated directly from the original Chinese classics. 
In each English translation of the Chinese technical terms or 


names, Chinese words are noted. This is particulary useful for 
scholars who understand the Chinese languages and writings. 
The reviewer found them remarkably free from errors, but the 
name of Tsu Min is incorrectly represented on page 120, as well as 
the Chinese characters for water on page 184. On page 48 the 
last paragraph concerning the production of copper has been mis- 
placed by the printer from the discussion of copper on page 44. 

One-fifth of the book is devoted to the discussion of ceramic 
industries. The development and characteristics of porcelain- 
ware for each period are presented. The chapter is beautifully 
illustrated by reproductions of certain decorated porcelain wares 
of Tang, Sung, Ming, and Ching Dynasties. Art collectors should 
find this chapter to be most useful. 

No review of this book could be complete without mention of 
some 88 illustrations. Some are reproduced from old Chinese 
paintings showing the procedures of certain chemical processes. 
All are carefully and beautifully printed. 

This is the first such volume published in English. Both the 
publisher and Dr. Li are to be congratulated in giving us a read- 
able and accurate history of old chemical arts of China. As 
stated by the late Dr. T. L. Davis in his foreword, ‘“‘The book will 
interest students of chemistry and of the history of chemistry, 
also sinologists, and students of the culture, of the economics, and 
of the arts and crafts of Asia.” 


CHOH HAO LI 
University Or CALIFORNIA 
BERKELEY, CALIFORNIA 
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A prme principle of good educational practice is: 
We learn best by doing. Along with this, it is appro- 
priate to consider the contrast all-too-commonly drawn 
between theory and practice. The question which of 
these should precede the other is, however, quite point- 
less when we recollect that no theory is valid unless it 
can be put into practice. The two are not essentially 
separate considerations, but must go together; theory 
stands or falls with the practice. 


Certainly in education, practice is the important 
thing—even if the word does here take on a slightly dif- 
ferent meaning. Anyway, whatever gets results is 
good practice. 

A little article by John B. Virtue,* entitled, ‘“The 
trouble with freshman composition—’”’ will delight 


you. It purports to be a conversation between the 
author (a teacher of English composition) and a pro- 
fessor of law, who, the author says might just as well 
have been a professor of chemistry or anything else. 
The latter unburdens himself of his feeling about col- 
lege students who, after exposure to the usual fresh- 
man course in English, are still almost illiterate. He 
lays the blame on the course, the student, the teacher, 
and the department of English, in various combinations 
and permutations. 

The conversation takes many interesting turns, but 
the climax comes after the college student’s short- 
comings in expressional ability have been completely 
and shamelessly revealed. At this point the professor 
was asked whether at that time in his career he, too, 
hadn’t been similarly handicapped. 


... Well, he admits, yes; though he had read lots of books be- 
fore he came to college. But he was pretty ignorant, after all, 
and his ideas were pretty fuzzy. All right, I say, how did he be- 
come the excellent writer he is today? Wasn’t it by doing lots of 
things at once and doing them continually, and doing them often 
without a thought about his prose style as such? For instance, 
he grew up, he matured, he gained experience of life, he bbserve, 





* Bull, Am. Assn. Univ. Profs., 35, 265 (1949). 











he learned from books, he felt the need of defining the qualities, 
the meanings, the interrelations of the data that his experience 
and his studies brought him. He read, he talked, he listened: 
thus, without consciously striving to do so, he sharpened his 
language sense, his feeling for the ways in which thought takes 
on shape and substance in words and sentences and so becomes 
palpable to others. He wrote letters, reports, term papers, dis- 
sertations, articles, lectures. Because he wanted to communicate 
something on each occasion of writing, each occasion contributed 
to the increase of his power to communicate. His need to make 
his thoughts palpable drove him to make his writing clear; his 
effort to make his writing clear drove him to make his thought 
exact. 

In other words, one learns to write by having to write. 
Necessity becomes the mother, not of invention but of 
perfection. Learning a subject and writing about it are 
reciprocal operations; each leads to perfection of the 
other. 

Even more important to us is the transference of this 
idea to a closely related field, that of teaching. De- 
veloping good teachers is not far different from develop- 
ing good writers. Fortunately, good teaching ability 
is not needed so frequently as for ability in written ex- 
pression; but lack of it, when it should be there, is far 
more disastrous. How can it be developed? 

The criticism of formal courses in pedagogy or ‘‘meth- 
ods of teaching”’ is almost as common and as violent as 
that of composition courses. The adequate reply is 
the same as that made by the author of the article just 
quoted. Before one faces the necessity of teaching a 
subject he must fill himself up with it and digest it. 
Then, if the necessity for teaching is real—that is, if 
he is not merely required to deliver a few impersonal 
lectures—he will learn to do it by doing it. We may 
accept a large measure of truth in the statement, 
“Teachers are born and not made,”’ but, for that matter, 
the native ability to become a good chemist—or any- 
thing else—is also hereditary. Still, one doesn’t need to 
be a follower of Lysenko to admit the importance of 
acquired and environmental factors in ultimate teach- 
ing ability. 

(Continued on page 590) 
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SCIENCE IN EDUCATION’ 


Tere is an urge, I believe, common to us all, a 
fundamental impulse to do the best for our children, who 
have to live in a more complex world than ours. Now 
“the best”? we can do changes with every age and should 
do so while civilization progresses. For time adds to 
the enrichment of knowledge and brings forth new 
ideals, permitting us to criticize past educational sys- 
tems and to plan better ones. Today psychology, the 
science of behaviors, has given us a greater understand- 
ing of the child mind, and of the emotional disturbances 
of adolescence, causing us to revise our views on such 
matters as rewards and punishments. The science of 
physiology provides us with valuable information on 
the relation between mental and physical fatigue. The 
study of heredity reveals how much of attainment and 
aptitude is due to environment and how much to chil- 
dren picking their forefathers well, and this knowledge 
should help us to be more charitable in our judgments 
of certain types of young people. So from time to time 
in the light of new ideals and a wider outlook we ask 
the old questions: 


What is the aim of education? 

What knowledge is most worth while acquiring? 
Shall we train the hand or the intellect, or both? 
Shall we neglect the emotions? 


In medieval times, except for a few remote philoso- 
phers, no one investigated how things went on in nature. 
It was in an age in which thought was dominated by 
the views of ancient philosophers and religious orders. 
If anyone did desire to know how things did go on, he 
looked up what Aristotle or some other authority said 
on the matter. The Church frowned if man inquired 
why things went on: such inquiry was improper, al- 
most impious; things went on because God willed them 
so—and that was the end of the matter. Is it to be 
wondered at that myth and magic entered into the 
explanation of all natural occurrences and as late as the 
seventeenth century learned men whose brains, mark 
you, were as good as ours, accepted the belief of their 
day and carried on a hideous campaign ggainst sorcery 
and witchcraft. 

This dependence on the past was shaken by one par- 
ticular advance—the discovery of America by Colum- 
bus. Doubting had its start, for the ancient authori- 
ties could be wrong. So, in how many other of their 
statements were they mistaken, how many other parts 
of the universally taught classical knowledge were 
wrong? Against much stupid, cruel opposition the 





1 An address delivered to the Parents’ Gild of the Latymer 
Upper School, June 4, 1946. 


G. FOWLES 
Latymer Upper School, Hammersmith, England 


boldest and bravest set out to know. Progress was 
hobbled still by the church and its language, Latin. 
But the veil was lifting which hid many of the mysteries 
of nature. We today no longer write our treatises in 
Latin, or use that language as a kind of Esperanto, nor 
accept Aristotle’s explanations. Finally, we do not 
live in an age of suppression of thought. We live in an 
age of science. Science pervades the whole of our 
civilization. It allows a fuller life at home. It main- 
tains the fertility of the soil. It increases the output of 
the factory. It stimulates the life of thought. 

Time will not allow me to deal with all these aspects. 
So let us consider the home, and speak for a few minutes 
on something you all take for granted, washing soda. 
Now soda is not made just for washing greasy plates. 
Soda is a powerful chemical; when it is made nearly 
white hot it melts to a water-like liquid. That liquid 
dissolves lime and sand and the cooled product we call 
glass. Soda is even more powerful when it has been 
treated with lime: it is then called caustic soda. Fats 
and oils dissolve in a solution of caustic soda and the 
product we call soap. If, therefore, we want glass and 
soap in quantity we must get soda in quantity. Up to 
the beginning of the nineteenth century only the 
wealthy could have glass in their houses or afford to use 
soap frequently. Now chemists had found that soda is 
compounded of two parts, one of which is in chalk and 
the other in common salt. The voice of the age cried 
out that chemists should strive to make soda from salt 
instead of letting plants slowly do it for us. In 1791 a 
French chemist, Le Blanc, succeeded on an industrial 
scale in obtaining soda from chalk and salt. His little 
factory was soon turning out several hundredweights a 
day. The days of washing without soap and windows 
without glass passed away. This making of soda from 
salt and chalk was a landmark in our social history. 

Let us turn to the question of food. Every time a 
farmer harvests a crop he removes many tons of plant 
food from the soil, principally nitrogen compounds. 
All plants and living creatures need these nitrogen 
compounds. Nature slowly replenishes the earth with 
these compounds, but the intensive cultivation of today 
demands that nitrogen fertilizers must be put back 
annually in quantity. The supply of farmyard manure 
is entirely inadequate and our only other source of 
supply, the nitre beds of Chile, besides being far distant 
are not sufficient to meet the world’s requirements. 
In 1891 Sir William Crookes alarmed the thinking 
world by saying that unless we could make compounds 
from the free and abundant nitrogen of the air there 
would, in a few years, be a nitrogen famine and wide- 
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spread starvation. This acted as a stimulus to chem- 
ists and in 1916 ammonium nitrate, a great soil fer- 
tilizer, was synthesized from air and water only. Now 
the fear of nitrogen starvation is gone forever. The 
fixation of nitrogen is another landmark in the history 
of civilization. 

But let me turn for a moment to revelations in 
thought brought about directly by scientific advance. 
In the constellation of the Pleiades, or seven sisters, 
keen eyesight can discern seven stars. When in 1610 
the Italian philosopher, Galileo, pointed his newly 
invented telescope (or as he called it his Optic Glass) 
to the Pleiades he counted 40 stars. With the same 
glass he saw and studied the moons revolving around 
the planet Jupiter. Hitherto all heavenly bodies were 
believed to revolve round the earth. His telescope 
brought a new understanding of the extent of the 
universe. It brought new knowledge, but more im- 
portant it brought home to us the vast extent of our 
ignorance. In the same area of those 40 stars a modern 
sensitive photographic plate will reveal 3000 stars. 
So it has always been. Every new advance in the 
design of an instrument, every new piece of apparatus, 
radar, microscope, ultramicroscope, X-ray, atomic 
pile, adds to our knowledge and discloses to us a new 
depth of ignorance. An American writer put the 
thought well when he said: ‘‘We add wood to our 
camp fire at night and increase the area of illumination, 
and at the same time we enlarge the circle of darkness.” 
The study of science can never finish and helps to keep 
the mind elastic, while the comprehension of our vast 
ignorance engenders humility. 

I cannot enumerate the many landmarks; it is the 
task of the historian, 100 years hence. I am referring 
to such things as synthetic gasoline, synthetic rubber, 
radar, X-rays, penicillin, the sulfanilamides. As I 
said, these new things have descended upon us in such 
number we cannot adequately judge their effect until 
the ascent of time gives us height to look down on 
them. These tremendous scientific achievements have 
come about because man, by his ingenuity and indus- 
try, has put the matter and energy of the world largely 
under his control and has unchained forces powerful for 
good or evil. The possibilities ahead for comfort and 
happiness are still greater. This leads many prominent 
thinkers to the belief that a politician unversed in 
science is a danger to his country. In these days of 
democracy any bright boy is a potential politician. 
Accordingly, every boy should know something of 
science. Some reformers would go much further. Im- 
pressed by the extraordinary extent to which science 
can affect our civilization, and by its great power for 
good or evil, some modern thinkers contend that all 
future educational ideals and practice should be built 
on science. 


HISTORY, LANGUAGE, LITERATURE 


In science the student finds ordered systems and 


His reagents and instruments 
In the world of 


verifiable principles. 
behave in a reliable, expected way. 
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daily life he will find men’s actions influenced by fash- 
ion, opinion of others, moods, motives, and even by the 
state of the digestion. A man may be master of his 
subject and use it skilfully and safely, but to use it 
wisely and with judgment and vision he must know his 
fellow men as well. Now science is impersonal. It 
deals with matter and occurrences and treats of human 
nature and human conduct only in the lives of its 
pioneers. But the pages of history and literature are 
replete with life and action. In history we see the 
reaction of men to events and glean something of the 
motives which influence human conduct. History 
alone reveals to us why in politics and at the time of a 
crisis good, well-meaning men take entirely different 
points of view. Much of history deals with opinion 
and a student must of necessity learn to weigh the 
evidence and decide between conflicting views. This 
is a contingency which frequently occurs in daily life, 
but never in the world of science where a matter of 
doubt is decided by devising and carrying out a crucial 
experiment. 

Again, what is our great literature but a record of 
experiences of life, of efforts and disappointments, of 
our fondest hopes and deepest fears, of the exultation 
of the finest qualities of our human nature; tales told 
and retold in the grant style with literary grace and 
apt choice of words. We want our scientists acquainted 
with literature—not only for the joy it brings but also 
that they may admire and strive in their own writings 
to imitate its masterly diction. 

And the more languages a student has at his com- 
mand the better, for they broaden his mind by intro- 
ducing him to a wider literature, and to knowledge of 
neighboring countries. 


SCIENCE IN SCHOOL 


Of course, we cannot the minute a student begins 
science inbue him with its social mission. We do 
however make a beginning by relating our experiments 
and conclusions to daily life. First, one learns to 
observe, measure and weigh, to get familiar with mate- 
rials and apparatus, and to do dangerous things safely. 
But at once we notice the happiness this introduces 
into education. In science students may spend over 
half their time in the laboratories. ' They walk about, 
collect their apparatus and materials, they help one 
another by giving a hand and by discussion. Critics 
have often complained that our English education is 
too bookish. In the laboratory they learn by practical 
acquaintance with things and occurrences themselves, 
as well as by exposition and reading. I believe this is 
the best technique of education and if the happiness of 
the student is any criterion it is successful, for it is 
difficult at times to get them out of the laboratory. As 
they progress they occasionally devise their own experi- 
ments and construct apparatus, and maybe it is this 
outlet for the creative impulse latent in all men which 
makes science for them so attractive and so satisfying. 
For science is creative, active, and assertive. 

Incidentally, we glean a certain amount of informa- 
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tion for guiding the student in his choice of a career. 
A student of good mental ability, contemplating a 
medical career and not gocd with his fingers should 
not seek to be a dentist or a surgeon. On the other 
hand, if skilful at dissection he will generally make a 
competent surgeon. A student who pores over a 
delicate instrument, concentrates on its working, and 
feels a joy in extracting from it its greatest accuracy is 
going to make a good technician or a precision worker. 

Of course, science is now too vast to be treated at 
school in all its branches and all its aspects—technical, 
utilitarian, historical, economic, humanistic, or cul- 
tural. For reasons of convenience and study we have 
divided science into branches, which we call the various 
sciences, astronomy, botany, chemistry, geology, min- 
eralogy, physics, zoology. Now chemistry deals with 
matter, the stuff of which earth, air, and water is 
composed and of the permanent changes which matter 
undergoes, while physics deals with energy and its 
measurements, especially energy in the form of heat, 
light, and electricity. We call these two the basic 
sciences because all the others rest on them. Thus 
geology, the study of the rocks of the earth, is the study 
of the masses of matter and requires chemistry. Metal- 
lurgy, the winning of metals from the ores in which they 
are found, similarly astronomy, microscopy, biology, 
physiology, oceanography, and engineering science— 
all require a knowledge of physics. This is one of the 
reasons why these two basic sciences are selected for 
school study. Should a student wish later to take up 
another science he needs a thorough grounding in these. 


CAREERS AND SCHOOL SCIENCE 


If a boy contemplates a career requiring an extensive 
knowledge of physics he should be reasonably good at 


mathematics. This is because physics is making more 
and more use of mathematics, and advanced work can- 
not be done without this. Whether a boy has the 
necessary mathematical aptitude can be found early 
in school, so he can be spared disappointment. Should 
he desire to follow medicine or dentistry, he will need 
chemistry, physics, botany, and zoology. These sub- 
jects are desirable for veterinary surgeons, sanitary 
engineers, horticulturalists, bacteriologists, and similar 
occupations. 

So far we have considered the economic and utilitarian 
value of science. What of its share in developing his 
moral character, in directing his actions. What of its 
value for his life of thought. The study of natural 
phenomena is nothing but a search for ’truth, along a 
path we call the scientific method of inquiry. In this 
method we observe, make many measurements, collect 
evidence, sift it, think out an explanation, devise, and 
carry out experiments to test it and finally establish 
a principle or reach a conclusion. As soon as pupils 
get accustomed to handling material and apparatus and 
taking measurements they get confidence in going 
through a proeess and arriving at a conclusion, not by 
abstract reasoning, but by a series of concrete steps 
which can be verified as many times as desired. Ac- 


JOURNAL OF CHEMICAL EDUCATION 


cordingly they become acquainted with a method 
of attaining truth, not based on authority, emphatic 
assertion, opinion, or tradition. This gives them con- 
fidence in all the great body of knowledge which genera- 
tions of pioneers have built up. Not infrequently, 
having thought out an explanation and devised experi- 
ments to test it, the results show the explanation wrong 
or inadequate, and more work must be done to see 
what factors have been overlooked. The method of 
study therefore is a hard and splendid discipline for the 
spirit of man. A result must be accepted, whether 
beautiful, ugly, expected, or disheartening. For in 
science all personal desire, all preconceived ideas, all 
preferences for this or. that result have to be sup- 
pressed sternly and Truth alone worshipped. The 
scholar using the scientific method learns to distinguish 
sharply and clearly between what is supposition and 
conjecture and what is verifiable truth. Between what 
is interesting enlightened opinion and what is estab- 
lished fact. In other words, he develops a critical 
judgment, for he has his standard in the light of which 
every statement of opinion or pronouncement must be 
scrutinized. Now opinions differ, according to fashion, 
upbringing, outlook, motive, and other factors, but a 
conclusion or a principle of science once established is 
unchangeable and unchallengeable. It becomes part 
of the world’s permanent knowledge. Ten per cent of 
Ni and 10 per cent of Cr added to steel strengthens it 
and renders it stainless. No change of fashion or 
opinion, no denial, no word subtlety, no religious or 
political pronouncement can alter it. In other words, 
in scientific activity and achievement there can be no 
intellectual dishonesty. When we read a translation 
we are at the mercy of the translator, he may distort 
the meaning or tone down a phrase to suit his own 
purpose. Statistics may be interpreted cleverly to 
support more than one point of view. History can be 
twisted. But this cannot happen in science; it is the 
only branch of knowledge whose way and goal is Truth. 

It is our hope that this knowledge of and first-hand 
acquaintance with a world of mental integrity will be 
an influence strengthening a boy’s moral fiber and giving 
him courage to face the world, for he is fortified with 
this criterion of truth and his sense of its worth. He 
needs this moral standby when he does face the world 
and finds on all sides truth distorted, by the advertisers 
of patent medicines, by word subtlety, by opinions 
dressed up as truth—frequently in politics and not 
unknown in the pulpit. We trust that a mind thus 
imbued with the scientific spirit will not uncritically 
accept statements and doctrines, will be resistant t» 
mass psychology, will not swell the ranks of the yes- 
men, but will be a man of self-dependent thought. 

So far I have omitted the most prominent feature of 
the scientific method, its ability to predict accurately. 
Other branches of study can use the scientific method 
to a certain extent but accurate prediction belongs t» 
science alone. Bury and other historians have claimed 
to study their subject by the scientific method but 
history cannot predict. For example, eclipses of the 
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sun and of the moon are foretold to a second. This 
fertilizer was made by the mathematical analysis of 
chemical conclusions and the degree of heat and the 
yield of the product were foretold with amaxing accu- 
racy before the experiment was done. The critical 
experiment tried, the prediction fulfilled, all the great 
men of science—Newton, Faraday, Poincare, Pasteur, 
Ramsay—describe that moment of joy. The exultation 
of spirit, the awe, the perception of beauty at the mar- 
velous harmony and hidden wonder of the world of 
nature. Our students carry out small investigations 
and make predictions based on confidence in the pre- 
established knowledge, and they are immensely pleased 
when their results are, as they style it, right. 

Scientific knowledge is substantial and significant, 
knowledge worth acquiring for scientific results faith- 
fully received and rightly applied will remove the dread 
of scarcity. For study reveals a world of plenty. 
The socially conscious scientist aspires to drive drudgery 
from daily life, to diminish if not remove the danger in 
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certain occupations, and generally to enrich the thought 
and transform the life of the people. In this the scien- 
tist sees his duty toward his neighbor and in this lies 
the greatness, the glory, and the goodness of science. 
These qualities, only disclosed by actual study, do not 
of course belong to science alone. 

So the qualities of truth, tolerance, beauty, courage, 
and unselfishness, the imponderables, make life worth 
living. They are to be found in science by those who 
actively seek, because so well known are the technical 
and utilitarian aspects that the humanistic side of 
science tends to be overlooked. So years ahead, when 
the student is on his way to his responsible position, or 
to leadership, when all the scientific readings made in 
school are forgotten and with them the minutiae of 
science, this appreciation of truth, this sense of a stand- 
ard of value in the moral world, this critical attitude of 
mind, this faith in the ability of science to give of its 
best to transform the work, all this will remain—a per- 
manent possession. 


LIQUID JUNCTION POTENTIAL CALCULATIONS 


Cacutations of liquid junction potentials cannot 
be performed with strictly thermodynamic accuracy 
because of the impossibility of determining experi- 
mentally the individual activities of the ions of the 
electrolytes comprising the junction. However, in the 
case of uni-univalent electrolytes of the same solute at 
different concentrations, reasonable and satisfactory 
values of the junction potentials can be obtained from 
electromotive force measurements of concentration cells, 
with the aid of certain approximations. MacInnes and 
his associates? have shown that this can be done with 
junctions existing in cells of the type 


Ag; AgCl, MCI(C,):MCI(C2), AgCl; Ag (1) 


The liquid junction potential, E,, is related to the meas- 
ured potential of the whole cell, HE, and to the trans- 
ference number of the cation, t,,, by the relation 


E(2tu — 1) 


2tu (2) 


E, = 


The derivation of this equation is based on the assump- 
tion that the cation transference number is constant 





1 Present address: Academy cf the Presentation, San Fran- 
cisco, California. " 

2 MaciInngs, D. A., ‘Principles of Electrochemistry,” Rein- 
hold Publishing Corporation, New York, 1939, p. 222. 


MEL GORMAN and SISTER MARY CLARE 
M@RPHY, P.B.V.M.: 


University of San Francisco, San Francisco, California 


between C, and C2, that the activities of the positive 
and negative ions are equal to the mean activity of the 
electrolyte, and that each of the silver chloride elec- 
trode potentials depends only on the ionic strength and 
not upon the nature of the positive ions. Transference 
numbers determined by Longsworth*® were used. Also, 
since C, and C, did not differ greatly in concentration, 
a mean value for ty was used in equation (2). The 
computed liquid junction potentials as obtained by 
MaclInnes are reproduced in Table 1, column 4. 

Junction potentials between soltitions of different 
concentrations of the same uni-univalent electrolyte 
can be calculated from a relation used to derive equa- 
tion (2), namely,? 


Ey, = (2tu — 1) at In a) /a2 (3) 


where R is the molar gas constant, T is the absolute 
temperature, F is the faraday, and a: and a are the 
activities of the anion of concentrations C,; and C2, 
respectively. Equation (3) is an approximation based 
on the assumptions that ¢y is constant and that the 
individual ionic activities of the positive and negative 
ion are both equal to the mean ion activity of the elec- 





3 LonaswortH, L. G., J. Am. Chem. Soc. 54, 2741 (1932); 
57, 1185 (1935). 
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trolyte. Although in precise electrochemical research, 
junction potentials should be avoided, it is not always 
possible to do so. In such cases various investigators 
have resorted to equation (3), using experimentally 
determined transference numbers. When the latter 
have not been available, rough estimates have been 
made from similar electrolytes whose transference 
numbers have been determined. However, transfer- 
ence numbers can be calculated from conductance data 
by means of an expression based on Onsager’s treatment 
of conductivity :* 


det — ret + /20) VE 
Not + do — [0(Ao* + Ad) + 0] VC 





iu = 


where A*o and o~ are the limiting ionic conductances, 
@ and o are constants whose values in water as a solvent 
at 25°C. are 0.2273 and 59.78, respectively, and C is the 
concentration in mols per liter. The reliability of 
equation (3) can be shown using calculated values of 
the cation transference numbers for the solutions listed 
in Table 1. Mean calculated transference numbers, 
ty, were taken for each pair of solutions because C, and 
C. do not differ greatly. Mean ion activities were 
obtained from concentrations and activity coefficients.® 
The results are listed in Table 1, column 5. The agree- 
ment with column 4 is good. 





‘MaclInnes, D. A., “Principles of Electrochemistry, Rein- 
hold Publishing Corporation, New York, 1939, p. 332. 
5 MacInnes, D. A., ibid., pp. 162 and 164. 
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Potentials of Liquid Junctions, MCI (C,): MCl (C.) 
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It will be observed that the junction potential for 
pairs of a given electrolyte of the same ratio of concen- 
trations is practically constant. This suggests a 
method of calculation for the liquid junction potentials 
between solutions of the same uni-univalent electrolyte, 
based on a modification of equation (3), 

By = (2-1) Ping (4 
where f is the limiting transference number of the 
cation, calculated from the limiting ion conductances.‘ 
In other words, equation (4) gives the limiting value of 
the liquid junction potential for a given ratio of con- 
centrations. For instance, if the liquid potential 
between 0.02 molar and 0.01 molar sodium chloride 
(or between any two sodium chloride solutions of the 
same concentration ratio) is desired, C,/C2 equals 2, and, 
using the limiting ionic conductances, 


50.11 POP 
4" soa reas = 9" 
Substituting these values in equation (4), HZ, is cal- 
culated to be —3.69 millivolts; likewise, for concen- 
tration ratios of 8:1 and 3:2, the values are —11.08 
and —2.16 millivolts. For potassium chloride, the. 
liquid potentials calculated for the ratios 2:1, 8:1, and 
3:2 are —0.34, — 1.00, and —0.20 millivolts, respectively. 
For hydrochloric acid, the computed potentials for the 
ratios 2:1, 8:1, and 3:2 are 11.48, 34.28, and 6.68 milli- 
volts, respectively. The values for the salt solutions are 
in excellent agreement with columns 4 and 5, differing 
by about 0.01 millivolt. With hydrochloric acid the 
corresponding average difference is about 0.5 millivolt. 
The advantage of equation (4) lies in the fact that 
it may be used to obtain junction potentials between 
solutions of many uni-univalent strong electrolytes for 
which equations (2) and (3) are not suitable. For 
many such electrolytes, equation (2) is not useful be- 
cause an electrode reversible to the anion is not avail- 
able and thus F cannot be found. Equation (3) is not 
always applicable because either transference numbers 
or activity coefficients, or both, are unknown at the 
concentrations of the solutions being used. On the 
other hand, limiting conductances for a considerable 
number of univalent positive and negative ions are 
available in the literature, enabling the easy calculation 
of to for use in equation (4). Even if equations (2) and 
(3) can be used, the accuracy of an investigation as a 
whole frequently will warrant the use of the simpler 
equation (4). 





6 MacInnges, D. A., ‘Principles of Electrochemistry,” Rein- 
hold Publishing Corporation, New York, 1939, p. 342. 
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Jusrus Liesie found, through personal experience, 
that an adequate chemical education could not be 
obtained in the German universities of his student days. 
Accordingly, when he was appointed to the chair of 
chemistry at the University of Giessen in 1825 he made 
the development of an effective program of chemical 


studies his chief endeavor. In 1824-25 he founded a 
teaching laboratory which attracted so many students, 
both German and foreign, that a second laboratory 
had to be built in 1843 to accommodate the overflow. 
Liebig taught at Giessen from 1824 to 1852, when he 
accepted a callto Munich. This period of 28 years was 
the most fruitful of his life; his accomplishments and 
teaching made Giessen a Mecca for chemical students 
and this little city became a world-famous center of 
chemical science.’ 

Most of Liebig’s outstanding contributions fall within 
the Giessen years. Here he discovered chloroform and 
chloral; here he developed his simple but efficient 
method of ultimate analysis, which in itself entitles him 
to be ranked as one of the founders of organic chemistry. 
His joint work with Wohler on the benzoyl radical, 
which “ushered in a new day,” also came in this period, 
likewise the founding of the Annalen. His most signifi- 
cant achievements, however, were his researches in 





1 For an account of Liebig’s student career and his Giessen 
period see Oxsper, R. E., J. Cuem. Epuc., 4, 1461 (1927). Pic- 
tures of the laboratory and Liebig monument as they were before 
the war will be found there. 
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agricultural chemistry. His fundamental “Die organ- 
ische Chemie in ihrer Anwendung auf Agrikultur und 
Physiologie’ was published at Giessen in 1840. His 
equally important ‘Die Tierchemie oder die organische 
Chemie in ihrer Anwendung auf Physiologie und 


The Ruins of the Liebig House 
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Ruined Interior of the Museum 


Pathologie” appeared in 1842. The first work marks 
the founding of modern plant nutrition, the second did 
the same for animal chemistry. His famous ‘“‘Chemi- 
sche Briefe,’ which has served as a model of popular 
presentation of science, appeared in 1844. These and 
many other achievements made Liebig an international 
figure, a true benefactor of mankind, a teacher, author, 
and scientist, whose fame will long endure. 

The city of Giessen honored this outstanding man by 
naming a street after him. The high ground on which 
he conducted his first experiments with fertilizers is 
still called the ‘“‘Liebigshéhe.”’ The war dealt severely 
with Giessen and its Liebig 
mementos. A copy of the 
famous Trautschold portrait 
of Liebig hung in the small 
Senate chamber of the main 
university building. .The 
latter was destroyed, with 
its contents, by bomb 
attacks in 1944. The Liebig 
monument in one of the 
parks was also a war cas- 
ualty. Thisimposingmarble 
statue had been presented 
to the city in July, 1890 by 
Liebig’s friends, admirers, 
and students. It was badly 
damaged toward the end 
of the war, and later com- 
pletely demolished. 

After years of neglect the 
world-famous Liebig labora- 
tory in Giessen had been re- 
stored tothe condition which 
it had when Liebig taught 
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and worked within its walls. 
This labor of love was per- 
formed by the Gesellschaft 
Liebig Museum, under the 
active leadership of the late 
Professor Robert Sommer, 
who was a psychologist, not 
a chemist.? From 1920, it 
served as a Liebig Museum 
and housed appropriate 
souvenirs of all kinds. The 
collection of Liebig letters, 
both to and from him, was 
especially rich. The build- 
ing was severely hit during 
the bombings of Giessen 
in December, 1944. Its 
exterior has now been 
brought somewhat in order, 
but the interior is still in a 
sad condition. No funds are 
available for repairing the 
damages. Chemists and 
chemical societies in all parts of the world might well 
give serious consideration to financing the restoration 
and preservation of this great chemical shrine. 

The Liebig House in Darmstadt was described some 
years ago by the late Dr. Ernst Berl.* This house was 
also ruined by the war, as the illustration shows. The 
Kekulé Room in the Technische Hochschule was also 
badly damaged in 1944. There are no funds or plans 
as yet for the restoration of these historic relics. 





2 The history of the restoration, with appropriate illustrations, 
has been given by R. Sommer, J. Cue. Epuc., 8, 211 (1931). 
3 J. Cue. Epuc., 6, 1869 (1929). 





The Aftermath of War 














ne 
ras 
he 
lso 
ns 


ns, 








Evvivence of man’s love of color reaches back almost 
0 prehistoric times, yet it is not actually until the 
nodern era that the full range of the rainbow has been 
iccessible to the majority of people in their clothes and 
ther textile surroundings. We are apt to picture 
«neien, or medieval times as being quite splendid with 
their “Tyrian Purple” and medieval scarlet, but closer 
examination will show that our present epoch is the 
first to be literally “bathed in color.” 


EARLY HISTORY 


The history of dyeing may be sharply divided into 
iwo great periods, the ‘‘pre-aniline,’”’ extending to 1856, 
and the ‘post-aniline” period. The former was char- 
acterized by a rather limited range of colors, but it 
nevertheless saw the rise of a considerable economic 
system based on the culture of the dye-producing ani- 
mals and plants. 

The principal vegetable dyes available in the earlier 
period were: madder, a root producing a brilliant red; 
indigo; and woad, an inferior blue dye eventually 
replaced by indigo. The cultivation of the madder root 
was practiced widely in both Asia and Europe for cen- 
turies, and indigo was grown chiefly in India and the 
Far East. Other less important vegetable dyes were 
saffron, Brazilwood, quercitron, orseille, and logwood, 
the latter being the only remaining natural dye of any 
importance, giving tones from purple to black. 

Among the most ancient dyes are those of animal 
origin. The “lac’’ dyes, produced from a certain type 
of insect, were used in very early times in India, but 
suffered from the defect of leaving the cloth resinous 
and gummy. The famous, expensive, and romance- 
entangled “Tyrian Purple’ was obtained from the 
small shellfish murex. We have the ancients’ word that 
this dye was unbelievably beautiful, but evidence taken 
from ancient samples (it is an extremely fast color) and 
modern preparations of it prove that it ranges through 
a rather uninspiring series of reds and purples. After 
seeing it, we wish that Homer had written about some 
of today’s inexpensive coal-tar purples and reds. 

A far more beautiful natural color was introduced to 
Europe from Mexico in 1518, the brilliant scarlet dye 
cochineal, which had been produced on this continent 
for some time from the tiny lice which infest certain 
types of cactus. A slightly inferior red had been ob- 
tained from another variety of tree louse by the Per- 
sians, even in Roman times. This dye, called kermes, 
vas soon supplanted by the superior cochineal. . 





* Written as a senior student at Trinity College, Washington, 
D. & 
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No notable improvements were added to the natural 
dye sources after the European “discovery” of cochi- 
neal, and an estimate of the paucity of available dyes 
may be made by referring to an Act of Parliament 
passed in 1552, which limited the number of colored 
cloths to twenty-one.! 


MODERN HISTORY 


Early Synthetic Period. The great discovery which 
signaled the end of the old era came in 1856, when 
William Henry Perkin, a youth of only seventeen, and 
a student of the famous German chemist Hofmann, by 
a happy instance of serendipity discovered the azine 
dye, mauve, while trying to synthesize quinine by the 
oxidation of crude aniline. It is interesting to note 
that had he used pure aniline, which was very difficult 
to obtain, he probably would not have made his dis- 
covery. This was not the first synthesis of a dye from 
coal-tar products. 


In 1771 Woulfe obtained a yellow dyestuff from indigo by the 
action of strong nitric acid . . . (picric acid). In 1834 another 
yellow or spirit-soluble dye, aurine, was made by Runge from 
phenol.? 


But Perkin was the first to realize the industrial possi- 
bilities of such a process,* and immediately formed a 
company to produce the dye. 

This well-publicized discovery stimulated research 
into further possible syntheses. Magenta was the next 
dye to be synthesized when Perkin’s teacher, Hofmann, 
produced it from aniline and carbon tetrachloride. 

During this early period, the English made a serious 
mistake in policy, one which had been paralleled cen- 
turies before when the government, to protect the grow- 
ers of woad, forbid the use of the superior dye, indigo. 
Now, instead of aiding the new synthetic dye industry, 
thereby introducing a new and prolific source of reve- 
nue to the country, they effectively suppressed it by 
their overstringent and unfavorable patent laws, to the 
benefit of their own natural dye products, but also to 
the great benefit of the incipient German coal-tar in- 
dustry which advanced by leaps and bounds under the 
double stimuli of government favor, in the form of loose 
patent laws, and lively research. 

Up to that time there were very stringent patent laws in Eng- 


land and France. The laws of the latter country not only pro- 
tected the patents from exploitation by others in that country 





1 Heusner, J., “Early history of dyeing,” J. Soc. Dyers 
Colourists, p. 3 (1934). 

2 Ross, R E., J. Cue. Epuc., 3, 973 (1926). 

3 Ross, R. E., ibid., 3, 975 (1926). 
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but in addition protected the new product from infringement by 
any type of process. 

In contrast to this, there was no patent protection for chemical 
invention in Germany prior to 1876 or in Switzerland prior to 
1896. It was due to this unusual advantage, as well as other 
legal handicaps existing in France and England, that factories 
were set up in Germany and Switzerland to exploit the discov- 
eries made by English, French, and German chemists in the 
employ of the English and French manufacturing concerns.‘ 


However, England had the initial advantage of greater 
availability of raw materials, so that from the time of 
Perkin’s initial discovery to the year 1869, the great 
German chemists such as Hofmann and Caro did their 
research in England, in close cooperation with the 
manufacturers. 

The next important event in the industry occurred 
in 1858, when a brewery chemist, the German, Peter 
Griess, discovered the diazo reactions, while working 
in his spare time. 

Fortunately Griess was an astonishingly clever experimenter 
because the compounds he made are among the hardest to handle 
in the whole realm of organic chemistry. Here was a man who, 
for the love of his science and in his spare time, he being a chemist 
in a brewery during his working day, developed one of the most 
fundamental of all scientific methods.® 


By means of this class of reactions, primary aromatic 
amines may be transformed into “diazonium salts,”’ 
which although not themselves dyes, may be easily 
“coupled” with a great variety of aromatic amino or 
hydroxy compounds to produce a great number of 


shades. The discovery of this latter fact did not come 
until later, however, when pre-eminence in the industry 
had shifted to Germany. 

The next year, 1859, Verguin, in France, again pro- 
duced magenta, this time from crude aniline and stannic 
chloride. This gave impetus to the development of the 
French branch of the industry, and one more method of 
synthesis for magenta followed, again in France, this 
time by Giraud and de Laire. This discovery was fol- 
lowed by the synthesis of the azine dye, thionine, better 
known as Lauth’s Violet after the discoverer. 

The following seven years were marked by the 
gradual discoveries of additional dyes, among which 
may be named the Nicholson blues, which were the 
first soluble acid dyes for wool, and especially the brown 
and yellow azo dyes. These were formed by the above- 
mentioned ‘“diazo reactions,” which had still not 
reached full importance since the dyes they formed 
were rather fugitive and required the use of a mordant 
when used on cotton. : 


THE GRADUAL BREAKDOWN OF THE NATURAL DYE 
INDUSTRY 


In the next two years, two events of great importance 
to the dye industry in general occurred. In 1868, 
Graebe and Liebermann discovered the synthesis of 
the red dye alizarin from the coal-tar product anthra- 





4Dexananty, T. W., Dept. of Commerce Bulletin, No. 126, 3 
(1924). 
5 Ross, R. E., J. Coem. Envc., 3, 980 (1926). 
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cene. Alizarin is the primary coloring matter in madder 
root, and since its production from anthracene is con- 
siderably cheaper than from the natural product, it 
soon replaced the latter. An indication of the economic 
significance of this discovery may be gained from the 
fact that the yearly value of the European madder crop 
was $17,000,000. Within a few years after the dis- 
covery by the German chemists, this branch of agricul- 
ture and commerce was totally destroyed. 

The next year, 1869, the numerous German chemists 
residing in England, undoubtedly feeling the pressure 
of restrictive patent laws, effected a mass exodus to 
Germany, and with their advent in that country came 
the phenomenal rise of the German dye industry. 
Even before this date, four of the great German com- 
panies had been founded: Hoechster Farbwerken, est. 
1863; Farbenfabriken vorm, Friedrich Bayer & Co, 
est. 1863; Badishe Aniline und Soda Fabrik, est. 1865; 
and Farbwerke Kalle & Co. These young plants got 
their needed technical boost when Hofmann and his 
associates returned from England. Within ten years, 
7. e., in 1878, Germany produced seven times as many 
dyestuffs as England, eight times as many as Switzer- 
land, and twelve times as many as France. 


Germany produced dyes to the value of 50,000,000 to 60,000,- 
000 francs, England to the value of 11,000,000 francs, Switzerland 
about 7,000,000 franes, and France in the neighborhood of 4,000 - 
000 to 5,000,000 francs.” 


The United States had become one of the primary dye- 
consumers, but had practically no production of syn- 
thetic dyes. 

The year 1873 marked the end of a “lull” in French 
research activities when Croissant and Bretonniere dis- 
covered that by heating sawdust with sodium polysul- 
fide, a brown dye called Cachou de Laval was produced. 
Further research on the possibility of other “sulfur” 
dyes was not resumed for twenty years, when their 
amazing usefulness finally came to light. 

The next few years saw the introduction of the 
phthalein dyes, e. g., the eosine and erythrosines, dis- 
covered by the German Caro, who also discovered an- 
other azo dye, chrysoidine. Other German discoveries 
included methylene blue (1876), the first water-soluble 
basic blue color, and malachite green. The latter was 
the first green of real dyeing value to be used. 

The final downfall of the natural dye industry was 
heralded by two discoveries made in 1880. The first 
of these was the discovery of para red, an azo dye and 
the first ingrain dye, that is, one which is formed in the 
cloth, by first impregnating the material with a color- 
less compound which combines with the fabric and then 
dipping it into another compound which will react with 
the first to form a dye. Para red is a brilliant scarlet 
color, fast to washing (although not to light), and quite 
inexpensive. Since the first two qualities correspond 
roughly to those of cochineal, and since para red is con- 





6 Sacus, A. P., Textile Colorist, 50, 245 (1928). 
( 7 a T. W., Dept. of Commerce Bull., No. 126, 4, 
1926). 
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siderably less expensive than the natural dye, the culti- 
vation of the tiny insects which produce the latter had 
to be abandoned, with the exception of a small amount 
used locally in Mexico by the natives. 

The second discovery is an interesting example of 
intelligent, organized, and directed research. The great 
chemist, Adolph von Baeyer, had been working at the 
synthesis of indigo since 1865. He and Knop, in 1870, 
lad succeeded in preparing it by heating isatin 


\ amy 
ban 


with phosphorus pentachloride, acetyl chloride, and 
phosphorus. They did this after discovering that 


indigo, 
C=O 
bobo sl > 


upon oxidation, yields isatin. However, the raw ma- 
terial, isatin, used in the process was costly and rare, 
and Baeyer found, or rather tracked down, another 
synthesis in 1880. The new method consisted in heat- 
ing caustic soda and a reducing agent with ortho-nitro- 
phenylpropriolic acid, 


NO, 


a coal-tar derivative. Indigo produced by this method 
found some small use in calico printing, but the cost 
was soon found to be prohibitive, in comparison with 
the natural product. However, Baeyer had proved the 
chemical structure of indigo in his research, and thereby 
made possible the Heumann synthesis in 1890, in which 
the dye was made by melting phenyl-glycocoll-ortho- 
carboxylic acid with caustic alkalis. Various improve- 
ments on this synthesis followed, culminating in the 
process of Farbwerke Meister, Lucius & Briining, which 
consisted of melting phenylglycine with caustic soda, 
caustic potash, sodamide, and water, and oxidizing the 
mixture with air. This process is the one still in use. 
In 1936, the United States alone produced over 18,000,- 
000 pounds of synthetic indigo.® 

Baeyer’s discovery of the constitution of indigo 
pointed the way to similar dyes, and by 1905, thioindigo 
red was discovered by Paul Friedlander. Many other 
of these dyes, all of them ‘‘vat’” dyes, produced by a 
slight chemical change of a water-soluble, colorless base 
which adheres to the fabric, have found wide use. They 
are especially suited to the dyeing of wool.® 





’ WertHem, E., “Textbook of Organic Chemistryy’ Phila- 
delphia, Blakiston, 1948, p. 703. 

° Gresn, A., “Fifty years in the dyeing industry,” J. Soc. Dyers 
Colourists, p. 49 (1934). 
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The synthesis of these indigoid vat dyes and indigo 
had the same effect on the indigo-raising business 
which the discovery of synthetic alizarin had had on 
the madder industry. The vast indigo-producing areas 
of India began to convert their lands to other crops, 
and a large commercial activity of the British Empire 
was sharply curtailed. After these two discoveries, 
Caro and Kern, in Germany, added another dye to the 
triphenylmethane group with the synthesis of the beau- 
tiful crystal violet, and produced.a diphenylmethane 
dye, the yellow auramine O, which also acts as a power- 
ful disinfectant. 


SYNTHETIC DYES COME OF AGE 


In 1884, the wide value of azo dyes was realized 
when Béttiger discovered the first direct cotton dye— 
congo red. This was a direct result of Peter Griess’s 
studies on the “diazo reactions’ and laid the founda- 
tion for the direct cotton dye industry when the affinity 
of diazotized benzidine derivatives for cotton was dis- 
covered. Although congo red itself was not a particu- 
larly good dye, being oversensitive to light and acids, 
it enjoyed great popularity. Other colors with struc- 
ture similar to congo red were developed, many of them 
with superior fastness. 

In the same year that congo red was discovered came 
the synthesis of tartrazine, a yellow light-fast wool dye, 
by Zeigler. This dye belongs to the class of dyes known 
as the pyrazolones. After its discovery, many other 


pyrazolone dyes were synthesized, and their value as 


“coupling agents” for direct cotton dyes became known. 

In 1887, the young English chemist Green obtained a 
new series called primuline dyes. These were notable 
because they were diazotized on the fabric from lighter 
colored undiazotized primuline. Many colors were 
thus produced by diazotization with different sub- 
stances, although the primary shade obtained was red, 
and the new dyes were marked by greater ease of appli- 
cation than para red. 

The hand of Adolph von Baeyer again appears in the 
synthesis of rhodamine B. Baeyer, in performing 
some purely academic experiments on phthalic an- 
hydride and the phenols, had discovered the highly 
fluorescent fluorescein, of no importance as a dye, but 
of considerable theoretical importance. As we have 
seen, Baeyer’s co-worker Caro developed eosine and 
erythrosine dyes from fluorescein, but these dyes, al- 
though exceptionally beautiful (they are slightly fluor- 
escent) proved to be quite fugitive, and it was not 
until 1887 that the substitution of substituted amino 
phenols for ordinary phenols produced the brilliant 
red-purple rhodamine B. Many other shades of red 
and pink may be obtained from this series. 


THE GOLDEN AGE IN GERMANY 


As may be noted, a considerable number of excellent 
dyes had been discovered in the ten years from 1880 to 
1890, and this period was for the Germans a golden age, 
speaking both figuratively and literally. The Germans 
may of course be congratulated upon their excellent 
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research work, good business sense, and plant efficiency 
in those ten years, but if we examine the facts closely 
we shall find that their success was not due to their 
virtues alone. The Germans patented such valuable 
dyes as the alizarins (red and blues), tartrazine, congo 
red, rhodamine, benzo purpurin, and diamine red, and 
sold them to the extensive European market, and to 
an increasingly important American market at ex- 
tremely high prices and for inexcusably high profits. 
In fact, 30 per cent dividends to stockholders were not 
uncommon, dividends taken out after at least one- 
third of their profits had gone into research and sinking 
funds for the erection of new plants!!® They could 
easily afford a very large staff of research chemists, 
proportionately much larger than those of other coun- 
tries. Statistics bring to light the interesting fact that 
new discoveries in the dye industry throughout the 
world are almost exactly proportional to the number of 
chemists employed. 

In America, an attempt at establishing a dye indus- 
try was made in 1880, at Buffalo, and in the following 
year eight other plants were established. However, 
the infant industry had to be protected by high tariffs, 
and was entirely dependent on German dye ‘‘inter- 
mediates” which could be purchased only at high 
prices. In 1883, the high specific tariff was abolished, 
and the industry collapsed. In France, England, and 
Switzerland, Germany’s only other rivals, lack of gov- 
ernment recognition and the necessity of importing 
intermediates curtailed production to the extent that 
Germany had a clear field for years. 

An interesting example of the way in which German 
factories aided their chemists is the story of the two 
Alsatian chemists Réné Bohn and Robert Schmidt. 
When the two friends were both very young, they went 
to work in German dye factories, Bohn to the Badishe 
Aniline und Soda Fabrik, and Schmidt to the rival 
Bayer Factory. Despite their youth, their exceptional 
abilities were recognized in both factories, and they 
were supplied with unlimited aid in the form of assist- 
ant chemists and any kind of material or apparatus 
desired to pursue their rather comical “‘race’’ to produce 
new and better dyes. Bohn started off by synthesizing, 
for the first time, dyes other than alizarin in the an- 
thraquinone series (to which alizarin belongs) by the 
use of fuming sulfuric acid. Not to be outdone, 
Schmidt also went to work on anthraquinone dyes, 
producing the first acid dyes of the series. Both Bohn’s 
and Schmidt’s anthraquinone dyes have ‘proved to be 
some of the most valuable dyes in existence, from point 
of color, fastness, and ease of application, although 
they are rather expensive. 

Soon after these early discoveries, the great technical 
advances in the manufacture of indigo which have been 
mentioned took place, and Bohn’s interest was directed 
to the possibility of making a comparable compound 





10 Strong, I. F., “The Aniline Color, Dyestuff, and Chemical 
Conditions from August 1, 1914 to April 1, 1917,’’ The Carey 
Printing Co., New York, 1917, p. 27. 
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from an anthracene rather than a benzene base, by 
approximately the same method used to manufacture 
indigo. He was highly successful in this venture, and 
produced the indanthrene (indigo and anthracene) vat 
dyes, characterized by a wide variety of beautiful colors 
and the greatest fastness yet obtained. 


THE SULFUR DYES 


From 1865 to 1893, an amazingly wide range of 
brilliant and beautiful colors had been developed, many 
of them exhibiting considerable fastness to light and 
acids, but there was still one field which called for im- 
provement, and that was the synthesis of dull, ‘“back- 
ground” colors with the added quality of cheapness. 
There were several blacks and browns, and other 
neutral colors in use, but they were all either difficult to 
apply, expensive, or fugitive. In 1893, the field of dis- 
covery shifted to France, where Vidal, at the works of 
Poirrier, decided to go into further research on the 
twenty-year old reaction which had produced the 
brown Cachou de Laval, that is, the heating of cellulose 
materials with sodium sulfide. Vidal soon produced a 
good, very cheap black, and further research in this 
field brought out other “sulfur” colors, as they are 
called, all of which are of dull, or neutral shade, cheap. 
fast, and easy to apply. Of the single dyes produced 
in the United States in 1940, sulfur black led the field 
with the production of 14,633,496 pounds.? The 
chemical history of the sulfur dyes is quite different 
from that of the other dye classes, since research on 
this class of substances was preponderantly haphazard 
and empirical,!! amounting almost to fusing anything 
that came to the chemist’s mind with sodium sulfide. 
This is in sharp contrast to the directed, theoretically 
sound research attending the other dyes, and the situa- 
tion exists primarily because the chemical constitution 
of many of the most important sulfur dyes is still 
unknown. 


THE “ICE COLORS’’ 


We have seen that two good red dyes, synthetic 
alizarin and para red, had destroyed two of the greatest 
natural dyestuffs in existence. However, the first, 
alizarin, is rather expensive even in its synthetic form, 
and since it is a mordant dye, it is rather difficult to 
apply. Para red, an ingrain dye, is characterized by 
low molecular weight, and therefore is liable to evapo- 
rate off the fiber when subjected to light or heat. It has 
the added disadvantage that the first component in the 
diazo ingrain dye process, 6-naphthol, is not a dye itself 
and has little real “affinity’’ for the material. Green 
obviated the second difficulty by his discovery of 
primuline, in which the first component of the ingrain 
process was a dye, but primuline dyes are even less fast, 
and more fugitive than para red. The ideal red dye 
was still forthcoming and the chemists were confronted 
with something of a dilemma. To increase a dye’s re- 
sistance to light, its molecular weight should be in- 





11 Ross, R. E., J. Coem. Epvc., 3, 994 (1926). 
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creased, but increasing the molecular weight of a red 
dye ordinarily turns it blue, with added complexity of 
molecular structure. A method of adding extra units 
at a distance from the color-producing nucleus was 
finally discovered in 1912 and the extremely vivid 
naphthol AS red was the product. The method of in- 
graining for this dye involves diazotization at low tem- 
peratures, and so this dye, and others produced by the 
same method are called the “‘ice colors.’”’ They range 
from black to light yellow, and are fast to both washing 
and light. 


GERMANY CONTROLS THE INDUSTRY 


By the time that the ice colors had been discovered, 
the dyeing industry had reached its majority, and had 
at its disposal a wide range of excellent dyes. Germany 
had full control of the international field, and in 1904, 
in order to prevent internal competitive troubles, three 
of the largest German concerns formed a cartel. This 
was followed in 1908 by another cartel formed by three 
other large factories. Friction between the two cartels 
was kept at a minimum, and the organizations were so 
successful that in 1916, partly due to war urgency, and 
partly because of the success of the smaller groups, 
these six firms and one other independent concern 
amalgamated to form the world-famous I. G. Farben- 
industrie combine.” 


These important concerns, now eight in number, pooled their 
raw-material resources, standardized operations, allocated profits, 
ete., without, however, disrupting the autonomy of member con- 
cerns in other respects. 


INTERNATIONALIZATION OF THE DYE INDUSTRY 


With the outbreak of war, panic swept through the 
dyeing factories in all countries outside Germany with 
the realization that Germany actually supplied the 
world with dyes. Frantic efforts to establish dye in- 
dustries began in the United States, and the country 
broke out with a rash of speakers demanding to know 
why we had to import so many dyes and answering 
their rhetorical questions mainly by asserting, truth- 
fully, that we had no research. The problem was a bit 
deeper. than that, but the combination of circumstances 
oceasioned first by the lack of dyes, and secondly by 
the necessity for explosives, many of which are manu- 
factured from dye intermediates, brought about the rise 
of the now vigorous American dye industry. 

After World War I, I. G. Farben realized their now 
precarious position, and reorganized, soon regaining con- 
siderable power. 


At this time, additional major chemical industries were in- 
cluded, and the integration of raw material sources, power com- 





12 DeLenanty, T. W., Dept. of Commerce Bull., No. 126, 5 
(1924). 
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panies, and peripheral enterprises of many types was consuin- 
mated with practised skill. From the date of its renaissance in 
in 1925-26, I. G. has occupied a status politically and economi- 
cally which is nearly unique in the modern history of capitalism.'* 


However, the United States industry had become well 
founded, and by 1937, our concerns were producing 
90 per cent of our national consumption, an exact 
reversal of the condition in 1913, when we imported 
90 per cent of our dyes, and made our own few dyes 
from German intermediates. With the return of I. G. 
Farben to activity, however, severe overproduction 
ensued, and the market did not become stabilized until 
about 1925. 


THE GENERAL POSITION OF THE INDUSTRY 


The importance of the dyestuffs industry lies in its 
wide usefulness in both peace and war. No mention 
has been made of the wide variety of organic products 
other than dyes which are produced by the industry, 
but it may be stated that the development of pharma- 
ceuticals almost parallels that of dyes. 


Historically, nearly all of the dye or coal-tar medicines such as 
aspirin and salvarsan have come directly from the dye industry.'* 


Atabrine and the sulfa drugs are dyes or dye deriva- 
tives. The importance of dye intermediates in the 
manufacture of explosives has been mentioned, and is 
a fairly well-known fact. Other products which can 
be produced from dye intermediates include “‘per- 
fumes, artificial flavors, anaesthetics, solvents, lubri- 
cants, motor fuels, inks, lacquers, high explosives, 
plastics, photographic chemicals, tanning materials, 
and other diverse products.’ 

The dyestuffs industry is one primarily dependent on 
“brain power” and as such it will always provide an 
ever-expanding, fascinating field for those who are 
willing to enter it. 
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& STANDARDIZATION OF ACID WITH POTASSIUM 
IODATE' 


Tue use of most of the common primary standards 
for acidimetry involves various disadvantages. Sodium 
carbonate may absorb water during weighing; borax 
must be recrystallized before it can be used; the salts 
of organic acids (sodium oxalate, for example) must be 
ignited to carbonate. Furthermore, it is difficult to 
make up and preserve standard solutions of carbonate 
or borax, because the alkaline solutions absorb carbon 
dioxide, or react with the glass of the containers. 

Potassium iodate has none of these drawbacks. 
Analytically pure preparations may be purchased and 
used without any further treatment except oven-drying. 
It is not hygroscopic, and its solutions are indefinitely 
stable. 

The standardization of acid with iodate? is based on 
the reaction: 


10;- + 6H*+ + 51- — 31, + 3H0 


When a solution of iodate, to which potassium iodide, 
sodium thiosulfate (in excess), and an acid-base indi- 
cator have been added, is titrated with acid, the re- 
action proceeds until the iodate is exhausted, and excess 
acid then causes the indicator to change color. The 
thiosulfate decolorizes the iodine formed, and makes it 
possible to observe the indicator end point. 

Near the end point, when the concentration of iodate 
has become small, the reaction proceeds very slowly, 
unless an excess of acid is present, since the rate of 
reaction is proportional to the concentration of iodate, 
and to the squares of the concentrations of hydrogen ion 
and of iodide ion.’ 

The usual suggestion, therefore, is to use an indicator 
with an end point distinctly on the acid side, such as 
methyl yellow. It is then possible to titrate directly 
to the end point (pH 3.5). Alternatively, an indicator 
like methyl red, which changes color at pH 5, may be 
employed; it is then necessary to wait severa) minutes 
for the reaction to go to completion, and to add more 
acid should the color revert to the alkaline shade as the 
last traces of iodate react. 

Either procedure is satisfactory when the acid is 
0.1 N or stronger, but difficulties arise in titrations 
with weaker solutions. If methyl red is used as indica- 
tor, the time required for the reaction of the last drop 
is excessive, and if methyl yellow is used, the indicator 
error is too great, since a large excess of dilute acid is 
required to bring the pH down to 3.5. Moreover, the 





1 The work reported here was carried out at the University of 
Maryland. 
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end point with dilute acid is no longer sharp, because 
the addition of a small amount of dilute acid does not 
change the pH of the solution enough to give a definite 
change in the color of the indicator. 

These difficulties can be overcome by the use of a 
mixed indicator, which has a much sharper color change 
than a single indicator, and by the addition of a large 
excess of potassium iodide, which accelerates the 
reaction sufficiently, even at pH 5, to make it possible 
to carry out the titration with only a few minutes’ 
waiting at the end point. Since thiosulfate also catal- 
yzes the reaction,* * an excess of thiosulfate is a dis- 
tinct advantage in the titration with acid more dilute 
than 0.05 WN. 

The use of an excess of potassium iodide introduces 
one complication. 
ally contain several hundredths per cent of alkali, so 
that the addition of a large excess of potassium iodide 
would result in an overconsumption of acid. To avoid 
this error, the potassium iodide may be dissolved in 
water, and the solution neutralized beforehand with the 
acid to be standardized. The blank, for both indicator 
and reagents, amounts to about 0.15 ml. of 0.01 N 
acid. 

The following procedure is quite accurate for the 
standardization of strong acids, whose concentration is 
0.01 N or more. It is obviously not suitable for the 
standardization of weak acids, except in very concen- 
trated solutions. 


SOLUTIONS REQUIRED 
Potassium Iodate. Standardized by direct weighing 


and of approximately the same normality as the acid to 
be standardized (3.5 g. per liter is satisfactory for the 
standardization of 0.1 N acid). The use of solid potas- 
sium iodate is not recommended, except for acid more 
concentrated than 0.1 NV, because of the low equivalent 
weight of the standard. 

Indicator. Three parts 0.1 per cent bromcresol 
green to 2 parts0.1 per cent methyl red. This indicator 
has a sharp transition from green to red at pH 5. 

Potassium Iodide. Five-teuths of a gram per ml., 
neutralized to the mixed indicator with the acid to be 
standardized. 


PROCEDURE 


Measure out enough potassium iodate solution to 
consume about 40 ml. of acid. Dilute to 50 ml. Add 
2 ml. of potassium iodide solution, 9 drops of indicator, 
and 800 mg. of sodium thiosulfate per 100 mg. of 


4 Eacurt, J., Zeitschr. Elektrochem., 30, 501 (1924). 
5 Carriere E., anp Dapta, M., Compt. rend., 205, 1157 (1937). 
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Potassium iodide preparations usu-— 
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potassium iodate. (In the standardization of acid more 
dilute than 0.05 N, use 1.2 g. of thiosulfate per 100 
mg. of potassium iodate.) Titrate with the acid to be 
standardized, until the color changes from green 
through gray to pinkish, and remains on the pink side 
for three minutes (five minutes for acid more dilute 
than 0.05 N). A blank containing everything but 
potassium iodate should also be run. 

This procedure was tested experimentally on hydro- 
chloric acid which had been standardized gravimetri- 
cally by precipitation of the chlorine as silver chloride, 
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and volumetrically with sodium carbonate and borax as 
primary standards. A total of eight determinations 
by these three methods gave a normality of 0.2000 + 
0.0002. The results of four determinations with 
potassium iodate ranged from 0.2001 N to 0.2002 N. 

The acid was then accurately diluted to normalities 
of 0.1000, 0.05000, and 0.01000. Four determinations 
of the first solution with potassium iodate ranged from 
0.1000 to 0.1001; four determinations of the second, 
from 0.04996 to 0.05001; seven determinations of the 
third, from 0.00998 to 0.01000. 


a A MECHANICAL QUIZMASTER 


Wirs growing enrollments, the need for relief from 
the burden of correcting papers continues to grow in 
every branch of instruction. Every earnest teacher 
must decide—he must give too few quizzes or, in 
grading papers, he must waste time that were better 
spent on students. At Nebraska, one escape from this 
dilemma has been a multiple-choice, multiple-answer 
test, which may be scored and recorded at a glance. 
Typical questions: 
l 2 4 10 20 40 

sO, HCl FeS, FeS H:O H: H.SO; 

5S H.S0O, HI Cl. FeCl, HIO; SO, 

HS Fe Cu SO, Ag I, S.C]. 

Ql. Write an equation for the reaction of hydrogen 
sulfide with a solution of ferric chloride, strongly acidi- 
fied with hydrochloric acid. Then circle every item in 
the above list that is one of the products of this reaction. 
Add the numbers that head columns containing circled 
items. This gives the code answer of this question. 
Enter it in the margin. (The code answer is 23.) 

Q2. Write an equation for the reaction of sulfur 
dioxide with an aqueous suspension of iodine. Check 
every item in the preceding list that is one of the prod- 
ucts of this reaction. The code answer is the sum of 
the numbers that head columns containing checked 
items. (It is 6.) 

Q3. Underline every item in the preceding list that 
is an element which reacts with hot concentrated sul- 
furie acid, to produce sulfur dioxide. Add the numbers 
that head columns containing underlined items. (The 
code answer is 27.) 

Q4. In a table of names and formulas, in six num- 
bered columns and six numbered rows, check all formu- 
las that are correct for the indicated names. Add the 


numbers that head the columns containing checked 
formulas. This gives the first of two code answers. 
Add the numbers that precede rows containing checked 
formulas. This gives the second code answer. 


HORACE G. DEMING 


University of Nebraska, Lincoln, Nebraska 


Q5. From the same table, select all correct formulas 
for active acids and insoluble salts. Find two code 
answers, as before. 

Q6. From the same table select all correct formulas 
for gases that may be liquefied by pressure, at room 
temperature. Find two code answers, as before. 

Q7. From six numbered columns select: 

(a) The operations needed to solve a stated numeri- 
cal problem. 
(b) The numerical result of these operations. 
(c) The unit in which this result is expressed. 
Add the numbers heading columns containing selected 
items. 

(Two other problems, based on the same table.) 

Q10. In six numbered rows or paragraphs check 
words, phrases, or sentence fragments needed to give a 
complete statement of Dalton’s law of partial pressures. 
(To make sure that you are overlooking no part of the 
law, you should write it out in full.) 

Q11. From the same table select items needed to 
define mol fraction. 

Q12. From the same table select items needed to 
define concentration. 

For économy in tabulation the three questions that 
are ordinarily based on the same table should have cer- 
tain details in common. The special virtue of the 
numbers 1, 2, 4, 10, 20, 40, which designate the different 
columns or rows, is that by addition they produce (and 
in only one way) all whole numbers except those ending 
in 8 or 9. There are three other sequences that would 
serve, with the same number of skips. The sequence 
1, 2, 4, 8, 16, 32, though it produces all whole numbers 
without skips, seems to offer more risk of error in 
addition, and rules out the part-credit. possibility. 

Quiz sheets are printed on both sides, with a strip of 
cross sectioning at the top of one side. This is to pro- 
vide for instantaneous scoring by the instructor or a 
clerk. Students in large classes are asked to transfer 
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their code answers, at the end of the quiz hour, to the 
cross sectioning. The numbered rows of the cross 
sectioning are the numbers of the questions asked. 


The numbered columns represent code answers. To . 


register one (or sometimes two) code answers for a 
question place a cross at the intersection of the cor- 
responding row and column (or columns). 

A transparent key, with circles where the students 
should have placed crosses, enables the instructor or a 
clerk, at a glance, to classify students into groups or to 
give each a numerical grade. The instructor and one 
assistant can readily grade all the papers for a group of 
30 students as they pass from the room. 

We are usually satisfied with determining which per- 
sons are in the top, middle, and bottom thirds of the 
class. An entry is made in the class record and the 
quiz sheet is immediately handed back to the student, 
who is to correct it before the next meeting of the class. 
If students, at any time, are told what the sum of the 
code answers should be, many of them will be sufficiently 
intrigued to work on the sheets until that sum is ob- 
tained. The task seems to offer some of the fascination 
of a crossword puzzle. 

Obviously, a code answer that agrees with the true 
code answer in one of its two digits is partly right and 
may be given part credit, if desired. The same is true 
of a question for which two code answers are obtained 
(Q4 to Q6, above), one of which is right and the other 
wrong. 

The instructor may easily arrange that students in 
odd and even seats, or students meeting on different 
days of the week, shall obtain different code answers. 
This is accomplished by having the table of data include 
an extra, unnumbered column or row. At the last 
moment, students are told to give this aspecifiednumber 
of the regular sequence, the column or row previously 
bearing that number being struck out. 

Our quiz sheets, printed on both sides, carry enough 
questions to permit a different choice of questions on 
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different quiz days. So the only way in which a student 
can benefit from seeing the quiz sheets of a previous 
group of students is by memorizing, not merely the code 
answers but the answers, for a large number of questions 

That is learning chemistry and we should not object. 

Quizzes of this type are believed to test, not merely 
ability to distinguish true statements from false, but 
ability to synthesize true statements from jumbled 
data and to marshal data in logical order. For exam- 
ple, let data be presented in six numbered paragraphs for 
proving that chlorine gas has the formula Cl. The 
student is asked to select items needed in the proof 
and strike out all paragraphs containing only unused 
items. The items used are then to be renumbered, 1, 2, 
4, 10, 20, 40, in the order in which they must logically 
be taken. The code answer is the sum of all item 
numbers which do not need to be changed. 

In another type of question the student is asked to 
reject columns in a set of tabulated data whenever the 
data are inconsistent or whenever a stated use does not 
logically depend on a stated property. Add the column 
numbers that remain. 

We have reserved monthly examinations of the “essay 


type” for students who are shown by our quiz sheets to’ 


be in the top third of the class. The questions asked 
in these review the regular assignments and test the 
mastery of certain topics that poorer students omit. 
By thus freeing the instructor of the burden of grading 
the work of incompetents and loafers he is given more 
time for the talented and industrious, and can set 
higher standards for them. 

Students who fail to qualify for the essay-type exami- 
nations must take monthly clerk-scored reviews, which 
help us to determine which of them, before the semes- 
ter’s end, have learned enough to deserve a “pass.” 
We have called this the Quizmaster Test. Quizzes for 
about thirty topics, covering a year’s work in beginning 
chemistry, will eventually be published. 





EDITORS’S OUTLOOK 
(Continued from page 575) 


Our graduate schools are being urged to give more 
attention to the large percentage of graduates who will 
go into teaching as a career, to the end that better 
teachers may result. Although some attention will be 
better than none, the end will not be accomplished by 
legislation, administration, or organization of curricula; 
prospective teachers will begin to learn their job when 
they are given opportunity to practice it, and scarcely 
before. . This ‘‘practice’’ must be conscientious, how- 
ever, as any practice must. As much care and atten- 


tion must be given to it as would be given, say, to the 
preparation of a scientific paper. 


The end result must 


be kept in mind; if so, the “tricks” will come naturally. 
Similarly, in the preparation of a paper, one concentrates 
on the argument itself and the impression it will make; 
then the grammar and word-structure fall in smoothly— 
with practice. 

Let no one draw the conclusion from this that the 
oldest and most experienced teachers are therefore 
necessarily the best and most effective. Every theory 
or generalization has its exceptions, often numerous; 
especially so when we deal with human beings and 
their reactions. Let this be encouraging to the young 
teacher beginning his career. 
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* TEXTBOOK CONFIGURATIONS FOR SUGARS‘ 


AN orrictat report on carbohydrate nomenclature 
was in the May 31, 1948, issue of Chemical and Engi- 
neering News, in which appeared the accepted conven- 
tions for configurations of carbohydrates and their 
derivatives. These are the conventions of E. Fischer? 
as modified by M. A. Rosanoff? and translated into ring 
structures by W. N. Haworth.* These structures have 
been accepted by workers in the field for many years 
(for a masterly review of the problem, see the article 
on fundamental conventions by C. 8. Hudson in ‘‘Ad- 
vances in Carbohydrate Chemistry,” Vol. III, 1948, 
Academic Press, New York 10, New York) and it is 
surprising that most elementary organic textbooks, and 
many advanced texts, use the wrong conventions, and 
projection formulas for certain molecules. 

The accepted configuration convention for p-gly- 
cerose is a basis for configurations for the 16 aldo- 
hexoses, the ketohexoses, and the tartaric acids. This 
configuration is: 

. GHO CHO 


aN, 
H OH-— H OH 
NV 


3. CH,OH 


Figure 1. 


CH,OH 


D-Glycerose 


Note that the reducing group has the lowest number 
and that the H and OH are above the plane of the 
paper, two conventions used in all sugar derivatives. 

This would make the No. 5 carbon of p-glucose have 
an —OH group on the right to correspond to the No. 2 
carbon of p-glyceraldehyde. This is shown in Figure 2. 

In naming optical isomers related to p-glucose, the 
letter D or L (not d or l) refers solely to the configuration 
of the No. 5 carbon of glucose. A plus (+) or minus 

—) is often used to indicate optical rotation. Thus 
ordinary fructose is p-(—)-fructose and ordinary glu- 
cose is D-(+)-glucose. The preferred system is to use 
levo or dextro for rotation so as to make fructose p- 
(levo)-fructose. (The Greek letters a and £8 are also 
used for reference to the anomeric forms, a being the 
form having the higher positive rotation. Ordinary 
sugars contain an equilibrium mixture of a and £8 
anomers and so cannot ve called either a or B.) 

A few chemical facts serve to clear up the relation- 
ship of the tartaric and lactic acids to p-glyceraldehyde 
and thus establish their configurations. 





* Presented before the Division of Chemical Education at the 
116th meeting of the American Chemical Society at Atlantic 
City, New Jersey, September 19-23, 1949. 

1 Fiscuer, E., Ber., 24, 2683 (1891). % 

2 Rosanorr, M. A., J. Am. Chem. Soc., 28, 114 (1906). 

3 Haworth, W. N., J. Soc. Chem. Ind., 46, 295 (1927). 
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1. p-glycerose + mild oxidation — levo lactic acid 
p-glucose + (1) 2 Wohl degradation, (2) oxidation — meso 
tartaric acid 
3. p-galactose + (1) 2 Wohl degradations, (2) oxidation ~ 
levo tartaric acid 
4. p-glucose + 3 Wohl degradations — p-glyceraldehyde 


CHO CHO HO 








CH,OH 


D-Glucose 


H,0H HOH 


Figure 2. 


With these facts in mind, it can be seen that levo lactic 
acid should be written as shown in Figure 3 and is 
actually p (levo)-lactic acid. 


tx 
ge ah NK 


p-Lactic acid 
Levo-lactic Acid 


p-Glycerose 
Figure 3. 


Meso tartaric acid would be best written as in Figure 4 
to affirm the relationship to p-glucose, although it is 
quite clear that this acid can be rotated in the plane of 
the paper to produce the OH’s on the left side. This 


O2H 
ir, OH. 
Pan 
H NT OH 
CO,H 


Figure 4. Meso-tartaric Acid 


acid is optically inactive because the two assymetric 
carbons are nonsuperimposable (think of dissecting a 


model between carbon 2 and 3 and compare fragments) 
and hence exert equal and opposite rotational effects. 
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Note, however, that if the —CH,OH of glucose had 
radioactive carbon, the molecule could not be so re- 
versed without a change in relationships. 

Levo tartaric acid (from galactose) would be as 
shown in Figure 5 and is actually p (levo)-tartaric acid. 


CO2H 


Figure 5. Levo-tartaric Acid 


The pyranose ring structure of glucose (Figure 6), 
following these conventions, is that of Haworth‘ and has 
been copied correctly in most texts but could not be 
derived from their conventions. 


CH,OH 
oer 
i H 


OH H 
HO 


H OH 


8-D(dextro)-glucopyra- 
nose 


Figure 6. 


Now, having seen the accepted representations, let 
us look at several popular organic texts: 

(1) Text A. “Textbook of Organic Chemistry.”” On 
page 329, Figure 54, a p-aldotriose is represented as in 
Figure 7, whereas this molecule is actually t-glyceralde- 
hyde. If a model is built up using A’s molecule and a 
ring structure is formed such as is shown on page 345, 
the ring turns out to be L-(levo)-glucose and not the 
molecule shown, which is a bona fide D-glucose. 

(2) Text B. “Organic Chemistry.” Page 551: 
“d-glyceraldehyde is assigned the configuration [in 
Figure 8] (Rosanoff, 1906) . . . The arrangement 
H—C—OH when the active group and the CH,OH are 
at the top and bottom of the formula and in the plane 
of the paper so that the H and OH are back of this 
plane is the d form, and is indicated as + regardless of 
the actual sign of rotation.” 


CHO 


OH 
CH,OH 
Figure 7. D-aldotriose 


This is a clear and definite statement—but exactly 
opposite to the correct statement. On page 566, ex- 


¢ Hawortu, W. N., J. Soc. Chem. Ind., 46, 295 (1927). 
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amples of a-p-glucose are written as a projection formula 
and as the ring structure (of Haworth). If the projec- 
tion formula is converted into a model using the con- 
vention given on page 551, the molecule turns out to be 
a mirror image of the ring that B gives as a-p-glucose. 

(3) Text C. ‘Organic Chemistry.” There is a clear 
case of confusion over the configuration of ‘‘levo’’ tar- 
taric acid. On page 359 a projection formula has the 
bottom —OH on the right but on page 380 “/’’-tartaric 
is given with the bottom —OH on the left. No men- 
tion is made of what convention is used and a most 
confusing picture is presented to the student. 


CHO 


CHO 
| 
OH H ie OH 


CH,OH —- GH,CH 
Figure 8. d-Glyceraldehyde 


On page 436, p-glyceraldehyde is pictured as shown in 
Figure 9, with the same implied configuration that Text 
B uses. This text also gives a ring formula on page 436. 
which is labeled ‘“‘pyranose form of glucose,” but the 
Haworth formula shown is actually that of 6-p-(+)- 
galactose. 

(4) Text D. “An Introduction to Organic Chem- 
istry.”” This one-semester text uses the correct con- 
vention on page 184 but no attempt is made to explain 
or state the need for a standard convention, perhaps 
because of the modest scope of the text. 


CHO 
Hs OH 
CH,OH 


Figure 9. D-Glyceraldehyde 


(5) Text E. ‘Fundamentals of Organic Chemistry.” 
This is the only text of those examined that states the 
correct convention and shows all structures correctly. 
The correct usage may be due to extensive use of ; 
photographs and diagrams of actual models of the 
sugars. 

(6) Text F. “The Chemistry of Organic Com- 
pounds.” ‘This text brings in the usual corifusion be- 
tween p and x forms and optical rotation. On page 
255, a diagram is labeled ‘‘dextrolactic acid’? and ex- 
amination shows the molecule to be p-(—)-lactic acid, 
so apparently the “dextro” is intended to refer to con- 
figuration here. On page 258, a diagram of p-(—)-tar- 
taric acid is named dextro tartaric acid, which would 
again refer to configuration. So far, nothing worse than 
calling the acids dextro in an opposite sense to the con- 
mon names (which refer to rotation) has been done. 
However, on page 258, a projection formula is labeled 
“dextro tartaric acid’”’ and has the bottom —OH on the 
left, as would be true in t-(+)-tartaric acid. If the tar- 
taric acid projection formula referred to rotation, then 
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the drawing above it is wrong; if the projection formula 
refers to configuration, then it is incorrectly drawn. 
The text leaves this confusing picture and then returns 
to carbohydrates later and gives a projection formula 
for D-(+)-glyceric aldehyde (page 282) with the No. 2 
carbon having an OH on the right. A student might 
well ask at this point just what the OH on the right 
means in view of the tartaric acids. This text also 
presents lactose (page 294) as a glucosidyl galactose 
instead of the accepted galactosidyl glucose. 
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It is clear from the preceding discussion of these six 
popular texts that a discerning student (to say nothing 
of his instructor!) could hardly fail to be confused. 
Construction of models of the tinker-toy type, using 
the proper conventions, is an excellent way to avoid 
confusion on the instructor’s part and is also a great aid 
to the student. It is hoped, however, that future edi- 
tions of organic texts will use the accepted orientations 
and explain the need for a standard convention in dis- 
cussing carbohydrates and related compounds! 





ELECTROMOTIVE FORCE OF CELLS WITH TRANSFERENCE 


In most elementary physical chemistry textbooks the 
formulas for calculating the junction potential and the 
total potential of cells with transference are either given 
without proof or the student is referred to a text on 
electrochemistry. Since these texts are presented from 
a more mature viewpoint, the student is often more 
confused than before. 

By use of a simple device I have found it possible 
for the student not only to develop these formulas 
easily when required but I believe his understanding of 
the physical process represented is deepened. 

As an example the cell 


Pt; Haiiatm.), HCl(a =1) |HCl(a=2.), Heaatm); Pt 
has the cell reaction 


Hta=1 + € 
1/,He(1atm.) (1) 
Hte=1 


1/3H2(1atm.) 

tam2 +e 

Htg=2 

Now using the convention that the left electrode is 

the oxidation electrode the ions migrate as follows, 
i. e., toward the electrode of the opposite charge. 

Hta=1— Hte=2 (2) 

Cl-a=2— Cl-a=1 (3) 





If one faraday of electricity is transported n+ 
faradays will be carried by the cation and n— faradays 
by the anion where n+ and n— are the respective trans- 
ference numbers. If the student understands that 
equations (2) and (8) signify quantities of electricity 
transported the equation for the transference of one 
faraday is seen to be the sum of these two processes 
and (4) represents the junction reaction. 

‘ 
nm, [Ate=1 = Hta=2] 
n_[Cl-a=2 = Cl-a=1] (4) 
ny Htga1 + nCl-a=2 = ny Htae=2'+ n_Cla=1 
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The respective potentials Ejinction and Ero are 
then obtained from the formulas with which the student 
is familiar. 

From (4) 


RT 


E; = E° — FF In (H *a=2)", (Cl“a=1)" 


(H *a =1)"} (Cl-a =2) ” 


a‘, = my, = a (6) 


(5) 





but 
where m is the molality and y+ is the mean activity 
coefficient. Hence 


RT, (mary2)" + ~"- (7) 


E; = E° — 
' F (my1)"+ —"- 


of the more usual form which shows the dependence of 
E, upon the transference numbers 


E; = E° — (nm —n) xe in (8) 


mY 


The total electromotive force is even more easily 
obtained. Adding (1) and (4) and transposing we ob- 
tain 
(1 — n, )Hta=2 + n_Cl-a=2 = (1 — n,)Hta=1 + 

n_Cl-a=1 (9) 


remembering that n+ + n— = 1 we obtain 


E, = E° — RT | (H *a=1)"-(Cl“a=1)"- 


F n (H*a=2)"-(Cl-a=2)"— (10) 





utilizing (6) the formula is in the usual textbook form 


RT 1 m1 
F moy2 


E; = E° < 2n_ (11) 

By using the device in (4) the student can readily 
develop formulas for junction and total potentials of 
cells with transference. 





PREPARATION OF NITRIC OXIDE: 
LABORATORY METHODS 


Norric oxide prepared in the laboratory from solutions 
of alkali nitrate or nitrite by the various reactions 
usually employed (1, 2, 4, 7, 9, 18, 21) is found to be 
sufficiently pure for classroom purposes, although the 
nitrogen impurity found in the gas varies from 1 to 30 
per cent depending on the reaction selected (10, 11). A 
few dry methods of producing the gas with a high or 
low nitrogen contamination have been reported. The 
reactions so far chosen were: (a) heating a mixture of 
potassium nitrate and potassium carbonate with 
oxides like chromium sesquioxide, etc. (22); (b) heat- 
ing boron nitride with oxides of iron, copper, etc. 
(19, 20, 24); and (c) thermal decomposition of di- 
phenyl-nitroso-amine (8). This compound evolved 
nitric oxide 99.7 per cent pure (8). 

Some laboratory methods of generating the gas from 
sodium nitrite and sodium cobaltinitrite by reactions in 
the solid phase are described in this paper. These two 
compounds were found capable of evolving nitric oxide 
smoothly, when allowed to react with ferrous sulfate, 
cuprous chloride, and copper sulfate. Purified com- 
pounds were employed and experimental conditions 
were varied in several attempts at reducing the con- 
taminations in the gas evolved. Compounds like 
potassium cyanide, potassium ferrocyanide, and sodium 
hypophosphite were not used with the nitrite, as such 
mixtures are known to be explosive when heated. 
Potassium nitrate when substituted for sodium nitrite 
in the reactions tried, was found unsuitable as a source 
for nitric oxide, as it produced also considerable quanti- 
ties of nitrogen and nitrous oxide. 

The action of ferrous sulfate solution on barium 
nitrite solution was studied quantitatively by P. Piccni 
and F. M. Zuco (15), who proposed for the reaction the 
equation: 


FeSO, + Ba(NO2)2 = Fe(NO2)e + BaSO, 
6Fe(NOz)2 = FeO; +} 2Fe.0;-N20; + 10NO 


The ferrous nitrite decomposed spontaneously at room 
temperature evolving nitric oxide. Cuprous chloride 
reacted with sodium nitrite as follows: 


CusCk + 2NaNO2 = Cue(NO2)2 + 2NaCl 
Cux(NOz)2 = 2Cu0 + 2NO 


The unstable cuprous nitrite decomposed and furnished 
the nitric oxide. Cupric nitrite, in solution, (W. Hampe 
and P. C. Ray) (4, 16) evolved nitric oxide by au- 
toxidation and reduction as follows: 


CuSO, + 2NaNO, = Cu(NO:)2 + NaSO, 
3Cu(NOz)2 = 2CuO + Cu(NO;), + 4NO 


M. G. SURYARAMAN and ARCOT 
VISWANATHAN 
Madras Christian College, Tambaram, South India 


Sodium cobaltinitrite, in the reactions tried, ap- 
peared to behave as a mixture of sodium nitrite and 
cobaltic nitrite and evolved nitri¢ oxide. 


The results of small-scale experiments conducted 
with the solids showed that the equations cited could 
represent the course of the main reactions under dry 
and moist conditions. The results stated in the table 
were obtained in separate experiments.. The gas was 
collected over water after rejecting the first portions. 
The gas volumes stated are approximate at room tem- 
perature (29-31°C.) and pressure (about 760 mm.). 

It was found that the water of hydration of the fer- 


rous salt was sufficient for the reactions, in Experiments | 


1 and 4a, b, ce, d, to proceed at room temperature, al- 
though in Experiment 1 the last portion of the gas 
could be expelled only by heat. Higher temperatures 
were necessary when the water content present as water 
of crystallization was diminished or was absent from the 
reacting mixture (Experiments 2, 3a, 3b, 5, 6b). Some 
nitrogen was present as contamination in every prepara- 
tion but no nitrous oxide could be readily detected. 
The latter gas could therefore be present only in such 
quantities, if formed at all, as should have been taken 
up by the water. The use of hydrated or dehydrated 
salts made no difference in the purity of the gas ob- 
tained from the same reaction. The presence of the 
alkali halides in the mixture had an indifferent effect 
on the purity of the gas (Experiments 4a, 4b), except in 
Experiments 4c and 4d where the nitrogen contamina- 
tion was slightly diminished (L. Moser and L. W. 
Winkler) (71, 23). 

In the experiments in which hydrated copper sulfate 
was employed the volume of nitric oxide obtained at the 


boiling point of water was considerably less than the 


expected volume and (C. G. Macarthur) (26). 
Recrystallized, fused, and powdered sodium nitrite 
(14) and sodium cobaltinitrite (NasCo(NO.).:1/2H.0- 
B.D.H.) were used. Dehydrated ferrous sulfate was 
prepared from the purest samples of ferrous sulfate 
crystals available (FeSO,:7H:O) according to the 
method of J. A. Hedvall and J. Heuberger (6) with a 
slight modification. Merck’s partially dehydrated fer- 
rous sulfate which is a pale yellow powder (labeled 
“dry’’) used in Experiment 2 was found on analysis to 
contain some moisture and about 75 per cent of the fer- 
rous salt. Copper sulfate crystals (CuSO,-5H.O) were 
dehydrated according to the method of T. W. Richards 
(17). Dry cuprous chloride was prepared from copper 
sulfate by the method due to M. Rosenfeld and F. 
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Wohler (18, 25). Nitric oxide was analyzed over alka- 
line sulfite (Diver’s Reagent) (3) prepared according to 
a modification of L. Moser and R. Herzner (12) (15 per 
cent sodium sulfite and 1 per cent sodium hydroxide). 
The unabsorbed residue left was taken as nitrogen. 

The apparatus for the experiments consisted of a 
round-bottom flask fitted with a delivery tube. The 
quantities of the salts taken in the experiments were 
according to the proportions shown in the equations 
stated, keeping the ferrous or the copper compound in 
slight excess over the nitrite component. In experi- 
ments in which the hydrated ferrous salt was used the 
reactants were separately ground to fine powder, added 
in alternate layers to the flask, and mixed quickly by 
shaking.. The reaction commenced at once, followed 
by frothing of the contents (Experiments 1 and 4a, b, 
c,d). In every other experiment the salts were ground 
together intimately in a mortar before being put into the 
flask. In each preparation, under the conditions men- 
tioned in the table, there was a steady evolution of the 
gas which was washed through dilute alkali to remove 
the red fumes initially present and collected over water 
in a series of gas jars or in a gas holder. 
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While some of the experiments in the list could be 
selected for the classroom preparation of nitric oxide, 
the first one is found suitable for a quick preparation of 
several liters of the gas for the lecture table. It is not 
necessary to use purified or dehydrated salts. The de- 
composition of the ferrous nitrite in the experiment is 
accelerated by the addition of water or retarded by 
chilling the flask to 0°C. These effects are capable of 
being demonstrated as individual experiments. 

Cobalt sulfate reacted with the nitrite salt like copper 
sulfate (Experiments 7d, 8a, 8b) (W. Hampe 5) and 
yielded nitric oxide distinctly less than the expected 
volume (Experiments 6a, 7c, 7d, 8a). This could be 
explained by the fact that a part of the nitrite was 
converted into a basic nitrite of copper or cobalt and 
remained unchanged with the residue (W. Hampe 4, 27). 

Oxalates of lead and cobalt heated with sodium 
nitrite evolved nitric oxide and carbon dioxide: 


PbC:0, + 2NaNO, = PbCO; + Na,CO; + 2NO 
PbCO; = PbO + CO, 


The gas was collected after removing the carbon dioxide 
by sodium hydroxide solution. An excess of the nitrite 
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had to be used to consume the oxalate completely, as 
otherwise any unchanged oxalate left over at the end 
would decompose on heating and contaminate the gas 
with carbon monoxide. No carbonaceous matter 
was seen to separate in the oxalate reactions. 

Oxalates of lead and cobalt (PbC.O, (28) B.D.H. and 
CoC.04-2H:O Merck) were used. Cobalt sulfate 
(CoSO,:7H2O) was dehydrated (Experiment 8b) follow- 
ing the method of T. E. Thorpe and J. I. Watts (29). 

About a liter of the gas evolved from each of the 
nitrite-oxalate reactions (Experiments 7e, 7f, 9a, 9b) 
and washed through dilute sodium hydroxide was con- 
fined over Diver’s Reagent to remove the nitric oxide 
completely. The residual gas was mixed with excess 
of air and sparked over mercury in a sparking tube. 
A clear solution of baryta introduced into the gas 
residue failed to give a precipitate of barium carbonate, 
showing that the gas contained no CO as impurity. 

It was found in trial experiments that sodium nitrite 
when reduced by heating with cuprous oxide, cuprous 
iodide, calcium sulfite, chromium sesquioxide (Cr2Os3), 
antimony trioxide, and oxalates of nickel, calcium, and 
sodium gave nitric oxide contaminated with free nitro- 
gen ranging from 4 to 25 percent. A mixture of sodium 
nitrite with sodium phosphite or sodium formate was 
found to deflagrate violently when heated. Potassium 
nitrate, when reduced by heating with the oxalates, 
gave nitric oxide with 20 per cent nitrogen impurity. 

In Experiments 3a, 3b, 5, 6b, 7b, 7e, 7f, 8b, 9a, 9b a 
pyrex tube could be conveniently substituted for the 
round-bottom flask, and the evolution of nitric oxide 
could also be regulated by the burner, while in Experi- 
ment 2, a 40-watt electric bulb held inside an asbestos 
cylinder would serve the purpose as a heater. 

The experiments listed in the table, produce nearly 
pure nitric oxide (1.2-2.5 per cent Ne impurity). 

Eprtor’s Note: 
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The experiments involving cobalt were done subsequently to 


the completion of the original paper and have been added as additional material. 


ITALIAN AWARD 


Proressor John Read, Professor of Chemistry and Director of the Chemistry Research Labora- 
tory in St. Andrews University, formerly Professor of Organic Chemistry in the University of 
Sydney, Sydney, Australia, has been awarded the “Premio Europeo Cortina Prize” of 1,000,000 


lire (£500) for his book, ‘‘A Direct Entry to Organic Chemistry.” 


It was judged to be the best 


popular scientific work on chemistry or physics published in auy European country during the 
last five years. This prize was offered by the City of Cortina in conjunction with the Italian 


review, ‘Ulisse.’ 


Our readers will remember the portrait and biographical sketch of Dr. Read which was pub- 


lished in our March, 1949, issue. 





A CONTINUOUS MERCURY STILL 


A  suppty of freshly distilled mercury is needed in 
many laboratories, particularly those in which polaro- 
graphic equipment is used. The mercury still described 
in this paper has been found to be ideally suited for the 
purpose of maintaining an adequate supply of distilled 
mercury. It operates continuously at a distillation 
rate of about 800 g. per hour. A single evacuation be- 
fore the distillation is started is sufficient for one day’s 
operation and there is no necessity for protecting the 
vacuum pump from mercury vapors. Except for an 
occasional adjustment of the mercury levels the still 
needs little or no attention. 


Construction of the Still. A section of U-shaped, 25- 
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Figure 2 


mm. tubing is sealed onto the top of the still pot A 
(Figure 1). The section of the tubing B on the right 
side of the still serves as an air condenser. The 
length, 360 mm., was necessary in order to obtain ade- 
quate condensation. Tubing of 15 mm. diameter was 
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found to be unsatisfactory because of insufficient con- 
densation surface. The still pot is insulated with 5/; 
inch of asbestos except for a small vertical window. 

The two arms C and D were made of 2-mm. capillary 
tubing in order to keep the weight of the column of 
mercury to a minimum. These tubes are attached to 
the still with ground-glass joints to facilitate cleaning 
and storage. 

The supply reservoir is a 1000-ml. round-bottomed 
flask with the neck sealed off, a hole blown in the bottom 
and a side arm sealed into the neck (see Figure 2). 

The heater consists of 16/2 ft. of Nichrome V ribbon 
on layers of asbestos wrapped around an iron core | 
inch in diameter. The resistance of the heater is 22 
ohms. The heater is fastened to an aluminum plate 
separated from the heater unit by several thicknesses of 
asbestos paper. 

A good perspective of the still can be obtained from 
the accompanying photograph (Figure 2). 

Operation of the Still. Mercury is added to the reser- 
voir and a supply of pure mercury is placed under arm 
D. The vacuum pump is then connected at stopcock 
FE and the system evacuated as far as possible. The 
mercury is thus pulled up into the still pot and into arm 
D to a point which is 10 to 15 cm. below the ground- 
glass joint. The level of mercury in the still pot is 
adjusted by raising or lowering the reservoir until the 


still pot is about two-thirds full. The stopcock E is 
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then closed and the vacuum pump disconnected. One 
milliliter or so of mercury condenses above the stopcock 
E during the distillation and would get into the pump 
if the stopcock were opened while the pump is con- 
nected to the still. To avoid the necessity of dis- 
connecting the pump each time the system is evacuated. 
a trap may be placed between the stil] and the pump. 
The heater is turned on and the distillation proceeds 
smoothly with only an occasional adjustment of the 
mercury levels. The heat to the column is controlled 
by means of a Variac. 

Table 1 shows the relationship between heat input 
and distillation rate. The pressure increases with 
increasing rate of take-off because of less efficient con- 
densation of the mercury vapors. 





TABLE | 


Distillation 
rate, ml./min. 





Pressure, 
mm. of Hg 





60 
70 225 1.06 
80 290 1.47 





The optimum operating condition involves a poten- 


tial of about 70 volts across the heater which corre-— 


sponds to about 225 watts. At higher potentials ap- 
preciable bumping occurred and the distillation was less 
smooth. 


USES FOR SYNTHETIC SAUSAGE CASING 


Ix orper to demonstrate the process of osmosis in a 
single lecture period, a bag made of synthetic sausage 
casing has been found to be very satisfactory. Such a 
bag, about 12 in. long, made of 1-in. diameter casing, 
connected to 6-mm. glass tubing, and filled with satu- 
rated sugar solution, will produce a rise of several feet 
in the course of an hour. 

In order to make these bags one end of a piece of 
synthetic sausage casing is clipped over the plain end 
of a 2-in. length cut from the upper end of a large test 
tube. The casing is fastened firmly to the tube by 
means of Scotch tape, which is then varnished over with 
cellulose acetate varnish or some other quick drying 
varnish in order to make it waterproof. The other end 
of the casing is drawn together and a tight knot is tied in 
it. 

The test tube and its attached bag is held by means 
of a buret clamp so that the bag is immersed in a jar of 
water. Sugar solution (preferably colored with a dye) 
is then poured in until the bag is completely filled up to 
the lip of the test tube. When a one-hole rubber stop- 
per in which a long piece of glass tubing is inserted is 
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introduced into the open end of the test tube, some of 
the sugar solution will be forced up into the glass tubing 
for a short distance. Care should be taken that no air 
bubble remains under the stopper. The initial level 
of the sugar solution is marked by means of a label. 
If there are no leaks, the rise of the sugar solution in the 
tube will immediately be noticeable. 

These bags will usually withstand the pressure caused 
by a 4ft. rise before bursting, and may sometimes be 
used over again, provided they are not allowed to dry 
out in the interim between uses. It is preferable, how- 
ever, to use a new bag for each demonstration. 

The same type of bag may be used to illustrate the 
process of dialysis. One of the bags is filled with a 
ferric hydroxide sol, made by pouring about 10 ml. of 
40 per cent ferric chloride solution into a liter of boiling 
water, stirring thoroughly, and then allowing to cool 
somewhat. The bag is then suspended in a jar of dis- 
tilled water. After about fifteen minutes, the water will 
be found to give a test for chloride ion, while the ab- 
sence of color in it will indicate that the colloidal par- 
ticles have not been able to pass through the membrane. 
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GAS EFFUSION EXPERIMENT 


Aruoven most students of physical chemistry 
were taught the difference between precision and 
accuracy in their quantitative analytical courses, 
many do not get practice in calculating the variability 
and probable distribution of an observed quantity. 
The experiment on Graham’s Law in gases often comes 
early in the course in physical chemistry and can be 
adapted to illustrate the application of statistics to 
experimental data. 

In the procedures in gas effusion as described in 
most physical chemistry laboratory manuals (1-3), 
the pressure on the gas sample varies during the run, 
the confining liquid (usually mercury) changes in level 
during each run, and the molecular weight of the gas is 
determined by the time required for the confining 
liquid to flow between certain arbitrary levels. A 
single filling of the vessel provides only one time-of- 
flow. To measure several times-of-flow can be tedious 
and can raise a doubt as to whether all fillings were of 
exactly the same composition. 

The following method of determining molecular 
weights from effusion rates has been found useful in 
teaching students to calculate mean and standard 
deviations where the deviations are due only to the 
imprecision of the measurements. It requires a steady 
vacuum source, which can be a good water jet or, as 
here, a mechanical pump. 

A 50-ml. graduated gas buret connects at its lower 
end, by means of rubber tubing, with a leveling bulb hold- 
ing water or salt solution; at the upper end the buret 
discharges into a train. This train is composed suc- 
cessively of a T-tube with one end clamped shut by a 
rubber tube and screw clamp, the other end leading to a 
drying-tube filled with coarse calcium chloride, and 
then a second T-tube with one end clamped shut and 
the open end leading to a copper orifice tube. This 
last consists of two copper tubes, 9 mm. in diameter 
and 35 mm. long, soldered end to end with a 20-mm. 
square of copper foil between. The foil was examined 
for pinholes against a strong light and then pierced 
with a fine “beading’’ needle while the foil was pressed 
on a sheet of paper over a metal block. The hole 
should be small enough (ca. 10-* cm.*) so that on 
looking through the completed tube toward a strong 
light one can barely see the hole as a blurred spot due 
to diffraction. A loose cotton plug is inserted in the 
high-pressure side of the orifice tube. The orifice tube 
connects by pressure tubing (bearing a screw clamp) 
to a closed-end manometer and a vacuum pump. 
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In use, the gas (if other than air) is led in by the 
first T-tube, through the drying tube and out through 
the second T-tube while the vacuum pump is running, 
the pressure tubing clamp is open, and the leveling 
bulb of the buret is raised and lowered repeatedly so 
as to empty and refill the buret. If the gas is flam- 
mable or toxic, it passes from the second T-tube to a 
Bunsen burner in which it is burned. When the con- 
fining liquid is believed saturated and the previous 
gas has been flushed out, the buret is filled to below the 
50-ml. mark, and all the clamps are closed tightly 
beginning at the pump end. The surface in the level- 
ing bulb is leveled with that in the buret. The clamp 
on the tubing leading to the buret is slowly opened wide, 
the leveling bulb is raised with the left hand so as to 
keep the surfaces level in bulb and buret, and a stop 
watch is started as the meniscus passes the 50-ml. mark. 
It is convenient to take the time of flow of 5-ml. 
portions of gas. While the flow time is being recorded 
and the watch reset, the leveling bulb is rested in an 
iron ring at near meniscus level; it is then lifted, the 
surfaces are releveled, and another 5-ml. portion of gas 
is timed. 

With the driving pressure head kept constant at 
anywhere between 700 and 750 mm. the time of flow 
varies from 1 to 100 seconds per ml., but usually 5 
to 70, depending on the orifice and the gas. From 
5 to 10 readings can be taken with a single filling. Fa- 
tigue from holding the bulb and raising it slowly, though 
mild, is the major defect in this method. Fatigue can 
be reduced and the number of readings per filling in- 
creased by having two students work together, one 
holding the bulb and “calling the mark” while the other 
handles the watch and records time, the two alter- 
nating. It is preferred to keep this a one-student 
experiment. As many as four students can work 
separately and simultaneously with a common mani- 
fold discharging into one vacuum pump. 

The student can be required to find the mean flow 
time for air, its mean deviation, its standard deviation, 
and the probable error. If more than one filling with 
air was used, the degree of overlap can be observed. 
From t,, the over-all mean flow time in sec./ml. for air 
(mol. wt. 28.8), he can calculate the orifice constant, 
k = M/# = 28.8/t,2. 

He can then measure the molecular weights of other 
gases. Some of these can be given him in unlabeled 
cylinders as “unknowns.” Coal gas, bottled fuel gas, 
and Kipp generator hydrogen can also be measured; 
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with the last-named gas he can calculate from the 
apparent molecular weight the per cent of air impurity. 
For each gas he can find the mean deviation, the stand- 
ard deviation, probable error of the flow time, and 
probable error of the calculated molecular weight (4). 

Because k is dependent only on temperature and the 
size of the orifice, the student can calculate the last, 
using the equation A (in em.?) = 2.74 X 10-* (k/T)'” 
This equation can be derived as a voluntary proj- 
ect by the more ambitious students from gas-kinetic 
relations (5). If the orifice tubes are numbered and 
A is previously determined for each tube by the in- 
structor, the value of A as calculated by the student 
provides an additional measure of his accuracy. 

Excellent correlation has been observed between 
accuracy in this experiment and the student’s final 
grade in the laboratory. A student’s results depend 
almost entirely on his manipulative accuracy. Calcu- 
lations are too simple to introduce error. Accidental 
errors are easily exposed by the repetitions. The 
values of the molecular weight of coal gas (12.8, as 
calculated from density data of Duluth city gas labora- 
tory) ranged from 12.3 (by an “A” student) to 7.7 (by 
an ‘F’”’ student) and 18.2 (by a “‘D” student). 

Standard deviation in twenty measurements on air 
flow time by a “B”’ student was 1 per cent of the mean 
flow time. It has varied from 0.2 per cent to 3 per cent 
among various students but is not correlated with gen- 
eral excellence of the student in the laboratory. 

The following treatment is of the data of a “B” 
student. 

Chief defects of this experiment are: fatigue, if 
carried out by one student; and dust particles and 
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CaCl, particles entering the orifice, compelling replace- 
ment or recalibration with air. 


Room temperature: 28.5°C. 

Barometric pressure: 721 mm. 

Pressure at vacuum end: 5 mm. 

Driving pressure: 716 mm. 

Flow times, in seconds, of 5-ml. portions: 


Air: 20.2 19.8 20.0 20.0 20.0 
Coal gas: 12.8 12.8 13.0 12.6 13.0 
Hydrogen: 5.38 5.2 5.2 5.1 5.2 


Mean Mean 
flow time, deviation, 
sec./ml. sec./ml. 

4.00 0.02 ' 
2.58 0.02 * 
0.01 


Probable 
error 


0.04 


Standard 
deviation 
0.06 

0.06 0.04 
0.03 0.02 
Probable error of k = 0.04 
Probable error of area = 0.2 X 
10-* cm.? 
Probable error: 0.5 


Probable error: 0.09 


Air: 
Coal gas: 


Hydrogen: 1.04 

Orifice constant k = 1.80 

Orifice area = 21.4 X 10-6 
em.? 

Molecular weight of coal gas: 
12.0 


Molecular weight of cylinder 
hydrogen: 1.97 

Molecular weight of bottled fuel gas (using a different orifice 
and data not here listed): 21.0 
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NICKEL—HIGHLY USEFUL ELEMENT’ 


7 THE average man on the street, nickel long has been asso- 
ciated primarily with plating and coinage. However, produc- 
tion men in many industries consider it essentially an alloying 
element that confers unique and valuable properties on the alloys 
of which it is a component in percentages that run from a fraction 
of 1 per cent to over 90 per cent. 

Actually, approximately 84 per cent of all nickel produced is 
used for alloying purposes. Plating, especially as an under- 
coating for chromium, is an important use, but amounts to only 
about 12 per cent of the annual nickel sales, while coinage con- 
sumes considerably less. 

While relatively low in tonnage used, malleable nickel in its 
commercial pure form—99.4 per cent pure—and wrought or cast 
is unique and important. Among all of the elements, no other 
metal offers nickel’s combination of so many different useful 
properties. 

It combines excellent mechanical properties with corrosion- 
resistance that is good generally, and outstanding under many 
conditions of exposure. It responds readily to all commercial 
fabricating practices and is not affected adversely by cold, work- 


1 Reprinted from White Metal News Letter. 





ing, welding, casing, or heating. Its mechanical properties 
are similar to those of structural steel. It retains its strength 
to an excellent degree at high temperatures, and its ductility 
and toughness, as well as strength, at sub-zero temperatures. 

Corrosion-resistance, of course, is always a controlling factor 
that dictates the use of nickel since it is highly resistant to 
corrosives that destroy many other metals—alkalies, many acids, 
salts, organic compounds, fumes, and the like. It is used to 
protect purity of sensitive foods, beverages, and pharmaceuticals 
against contamination, directly or indirectly, caused by corrosion 
or products of corrosion. 

Another special property which, combined with corrosion- 
resistance, makes nickel so highly useful in so many industries is 
its rate of heat transfer. Nickel often provides a faster rate of 
transfer than do other metals with equal heat conductivity be- 
cause of its clean, smooth surface. 

Nickel’s electronic and electrical properties are such that it is 
highly important in television and radar, and for older applica- 
tions like the telephone, telegraph, radio, and other means of 
communication. Thus it is no stranger to the home where it has 
long been useful in all sorts of domestic electrical appliances. 





COATINGS FOR FABRICS’ 


Tur first coated fabrics were made many years ago, 
almost 100 years ago. The first coating material was 
oil and was a forerunner of the oilskins used in a limited 
way today, but common as few as a dozen years ago. 
They first were made in Scotland by painting drying 
oils onto fabrics and allowing them to dry in the sun. 
These coated fabrics were sticky and far from attractive, 
and yet had enough utility that an industry was built 
around them. Because of the shortcomings of oil, there 
was always a demand for a better material, which 
appeared first in the form of rubber, at a much later 
date. 

Rubber, in the beginning, had its faults in the form 
of poor durability, not very desirable odor, and a ten- 
dency to lose its cure and become sticky. However, up 
until 1915 these were the two principal coating mate- 
rials; both had been improved a great deal. The proper 
processing of oil had eliminated considerable of the 
initial tack although it becomes somewhat sticky on 
becoming wet. The use had spread from apparel to 
such coated fabrics as oilcloth, which around 1900- 
20 was used in tremendous quantities practically all 
over the world. Shortly after 1915 nitrocellulose coat- 
ings began to be used. Because of the relatively good 
durability and because they could be pigmented to 
bright shades, pyroxylin coatings became popular. 

There was a large expansion in the demand for coated 
fabrics, such that all three of the coating materials— 
that is, the oil, the rubber, and the pyroxylin—had a 
very large growth, although they were not all in the 
same field. The oil coatings went largely to rainwear of 
the cheaper variety and to oilcloth. Rubber was used 
for more expensive types of rainwear and for sanitary 
uses such as hospital sheeting. The nitrocellulose was 
used to coat heavy fabrics which were subsequently 
embossed to simulate leather. As a matter of fact, 
large quantities of the nitrocellulose were actually 
used on split leathers to create a surface which when 
embossed resembles grain leather. The coatings were 
also used for hygienic purposes and in some apparel. 
However, nitrocellulose coatings were particularly 
lacking in low temperature flexibility, as were the oil 
coatings. Rubber, therefore, came to be the coating 
material used in the largest quantities. This was ex- 
pecially true in industrial uses as in the automobile with 
its flexible top. 

About 1930 a new resin came into existence, which 
had very desirable properties for the coating of fabrics. 

1 Based upon a paper presented before the 251st Meeting of 
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However, its properties were such that it was difficult 
to handle, and it was not until 1940 that it became of 
very great importance. This resin, vinyl chloride, has 
since become one of the major fabric-coating composi- 
tions. Its virtues are its toughness, flexibility, and 
inertness, and perhaps most important of all, its lack 
of flammability. With the second world war, the 
demand for coated fabrics was multiplied many times 
over the civilian requirements. The conditions of use 
were very drastic. The demand for nonflammability, 
lightness of weight, and availability was paramount. 
With our sources of rubber cut off, and the demand so 
great for other uses, the vinyl coatings were exploited 
to the maximum. They did such an excellent job that 
since the war they have become very popular. Today, 
probably the greatest single coating material is vinyl 
chloride and vinyl chloride copolymers. This, in a 
general way, describes the development of the coated- 
fabric industry. There are probably many more uses 
for coated fabrics than most of you realize, unless you 
have been associated with the industry. This brings 
us up to the uses of coated fabrics. 


USES OF COATED FABRICS 


First, we have the category of apparel. The chief 
use of coated fabrics for apparel is rainwear. This 
takes many forms, such as raincoats, ponchos, capes, 
and for sportswear, fisherman’s waders. Many sheep- 
skin-lined coats for children have as an exterior fabric 
one which is coated. Rubber aprons, as you all know, 
are used in chemical laboratories, and there are now 
many coated fabrics used for household aprons. Com- 
mercial fishermen, seamen, and firemen are equipped 
with coated uniforms. . 

Another category of coated fabrics is tenting and 
covers. Most of this equipment is used by the military 
services. All field equipment, instruments, and air- 
craft engines are covered with coated fabrics when not 
in actual operation. Coated tarpaulins are used for 
various types of equipment as protection against gas 
warfare. Modern Army tents for mobile troops consist 
of very lightweight coated fabrics which can be carried 
by the trouper himself. 

A third class of coated fabrics is the decorative or 
household furnishings. This covers such items as table 
covers, drapes, slipcovers, upholstery, artificial leather, 
which might be used in luggage and novelties. Book- 
cloth and hospital sheeting, mattress covers, bathin- 
ettes, laundry bags, shadecloth, wall coverings are 
so common that probably most of you don’t even realize 
how much coated fabric is used in the home. Coated 
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fabrics are used in industry in conjunction with the 
fabrication of some other major item. Flock adhesives 
are used to bind short-cut fibers to fabric to produce the 
simulated pile fabrics and suede finishes. A coated 
fabric is a structural part of aircraft. Most private 
planes today are fabric pulled over frames and doped. 
Lining cloth (for various purposes such as interior of 
taxicabs), seatcovers, waterproof tapes, shoe fabrics, 
binding of various kinds, diaphragms (for various 
kinds of meters and pumps), are all coated fabrics. 


MATERIALS USED 


Chemistry teachers are undoubtedly as interested in 
the materials used in coating fabrics, as in the coated 
fabrics themselves. Going back to the first coating 
material, we have the oils which are used principally 
today in the manufacture of oilcloth, rainwear, and 
shadecloth. Oilcloth, nowadays, is sold almost ex- 
clusively in the rural districts of the south. The rain- 
wear uses are becoming very few. Shadecloth, which 
constituted a large use, is giving way to other materials. 
The oils used in making these ccatings are drying oils 
of which linseed oil is the principal one. 

The selection of an oil for coating purposes can be 
varied somewhat; that is, there are a number of drying 
oils which can be used alone or as mixtures. If they 
are handled satisfactorily, they must be bodied up by 
boiling until they are partially oxidized or by blowing 
with air at elevated temperatures until they almost gel. 


The processing is done on these oils to cause oxidation 
so that the drying time after application may be reduced 
toaminimum. Frequently, they are bodied up to the 
extent that solvent will be necessary to reduce the 
consistency to a usable viscosity. 

Alkyd resins have been used to some extent to re- 


place oils. Alkyd resins are produced by the esterifica- 
tion of fatty acids with a dicarboxylic acid such as 
phthalic anhydride and a polyhydric alcohol of which 
glycerin is the most common. The result is a mixed 
ester, the properties of which can be controlled by the 
type of raw materials used. Oxidizing oil acids may 
be used or nonoxidizing oil acids may be used. Usually 
the two types are combihed, one to give drying proper- 
ties, and the other for permanent elasticity. 

Of the rubbers which are used for coatings there is a 
large variety. Natural rubber was always used when 
it was available and represented a very desirable mate- 
rial, having great flexibility and with proper selection 
of antioxidant, good life. Currently, GRS is being used 
in relatively large quantities. It represents a good 
coating if used in heavy gages. Neoprene is used for 
many purposes, and is a very good coating material, but 
does not have many civilian applications except as a 
cement. Butyl rubber as a fabric coating material 
is used very little. Its only use, to my knowledge, is in 
the coating of gas capes for the Chemical Corps. This 
material possesses the best resistance of any coating 
material against most gases. The nitrile rubbers are 
used where resistance to solvents is demanded. There 
are many nonmilitary uses and those uses are mostly 
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industrial. Rubbers have antioxidant accelerators and 
are usually loaded heavily with pigments, either for 
reinforcement or just to extend them. Some of them 
require softeners, especially the synthetic rubbers. 


CELLULOSICS 


The next class of fabric-coating materials is the cellu- 
losies which include nitrocellulose, ethylcellulose, cellu- 
lose acetate, and cellulose acetobutyrate. All of the 
cellulosics are hard, tough, horny materials, and there- 
fore are not used as the sole constituent of a compound. 
The cellulosics require a major portion of plasticizers, 
so-called, which modify the solid to give flexibility and a 
desirable feel. These plasticizers may either be of the 
oil type, or what is referred to as chemical plasticizers. 

The oil plasticizers are usually nondrying oils which 
are compatible, such as castor oil, processed soya oil, 
and alkyd resins. The chemical types are chiefly esters 
of polybasic acids of varying length of chain. The 
longer the chain, usually the more permanent, but more 
expensive. Typical plasticizers in this class may be 
dibutyl phthalate, dioctyl phthalate, and tricresyl phos- 
phate. 

The oil-type plasticizer, except for the oil acid esters, 
can be used successfully only with nitrocellulose and 
ethyl cellulose. For coatings on fabric, the oil plasti- 
cizers are to be desired because they are usually cheap 
and can be used to the greatest extent. However, they 
also have properties which are exceedingly desirable, 
in that they give the best type of feel to the coated 
fabrics. They are usually not solvents for the nitro- 
cellulose, but are compatible in practically all ratios. 
Not being a solvent means they will not cause tackiness 
when the desirable degree of flexibility is reached. 
They are not so sensitive to temperature in so far as 
developing tack is concerned, as are the ester types. 
A nitrocellulose coating composition might consist 
of 150 parts of castor oil and 100 parts nitrocellulose. 
If an ester, such as dibutyl phthalate or tricresyl phos- 
phate were used, it would not be possible to use even 
equal parts of plasticizer to nitrocellulose because of 
the stickiness which would result, even though the ac- 
tual pliability may not be greater. 

A desirable characteristic of using oils in large quan- 
tities is that as the plasticizer tends to migrate from the 
film into the fabric, as it will do, there will be little 
effect on the permanent or final flexibility if a little is 
lost. 

Of the cellulosics, nitrocellulose is used almost 
exclusively for fabric coatings, except for specialites. 
There may be cases in which ethy] cellulose will be used 
because some condition exists where nitrocellulose is 
undesirable, perhaps because of its flammability. 

Cellulose acetate is used for some specific purposes 
because of its relatively low flammability, but in gen- 
eral, it is used very little. Cellulose acetobutyrate has 
some fabric-coating uses, particularly in the aircraft 
industry. 

Cellulosics have one characteristic which is peculiar 
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to them in that they'practically always are applied from 
solvents. From the standpoint of economics, it is 
desirable that solids be high in a coating composition, 
since all that evaporates as solvent and not recovered is 
an added cost. The cellulosics are exceptional in that 
all release solvents rapidly in drying. 


NITROCELLULOSE 


Nitrocellulose is soluble in most ester solvents, ke- 
tones, and some types are soluble in alcohol and hydro- 
carbon. Ethyl cellulose is soluble in so many solvents 
that it detracts from its use. The best solvent is al- 
cohol and toluol. Cellulose acetate is limited in solubil- 
ity, but is most soluble in the ketones and chlorinated 
solvents. Cellulose acetate butyrate is soluble in ester 
and hydrocarbon mixtures, in nitropropane, and some 
special solvents. The solubility characteristics of the 
cellulosics will depend upon the degree of their esteri- 
fication or etherification. Nitrocellulose, for instance, 
is available in two ranges of nitration. The 10.7 to 
11.2 per cent nitrogen content is soluble in alcohol and 
hydrocarbon mixtures, whereas the higher degree of 
nitration, 11.0 to 12.8 per cent, requires esters or 
ketones for solubility. 

Nitrocellulose can be obtained in viscosites up to 80 
sec. or down as low as 30 centipoises by treatment after 
nitration, with the degree of nitration not altered. 
By submitting the nitrated cotton to an autoclave treat- 
ment, the viscosity can be reduced to a very low degree. 
This does not mean that solubility has necessarily 
changed, but because of the lower viscosity it is possible 
to make much greater concentrated solutions. There is 
an actual breakdown in molecular weight in this treat- 
ment. In every instance, however, when the viscosity 
is low, the film strength is poor. It is desirable, there- 
fore, to maintain as high viscosity as can be economi- 
cally handled. 

In any kind of fabric coating from solvent solutions, 
it is desirable to have as rapid evaporating solvents as 
is practical, so as to facilitate very rapid drying. In 
practically every instance where fabrics are coated, heat 
isusedin drying. The drying operation is accomplished 
in the course of 5 to 10 min. with the temperatures 
around 160 to 180°F. A typical nitrocellulose coating 
solvent compositon might be ethyl acetate, alcohol, 
and low-boiling petroleum solvent or acetone, alcohol, 
and petroleum solvent. Balance of solvents will be 
such that the active or true solvent is retained in the 
film until last and, therefore, prevents precipitation. 
Cellulosics release their solvents very rapidly compared 
to rubber, oils, or the vinyls. A typical nitrocellulose 
coating composition is as follows: 


Typical Nitrocellulose Coating Composition 


12 Parts nitrocellulose 
12 Parts castor oil (raw) 
6 Parts dibutyl phthalate 
10 Parts pigment ‘ 
25 Parts ethyl acetate 
15 Parts ethyl] alcohol 
10 Parts petroleum solvents 





VINYL RESINS 


The vinyl resins used for coating are two: vinyl 
chloride and vinyl butyral. They are quite different 
except for the toughness and strength which are char- 
acteristic of the vinyl compounds. Vinyl chloride and 
vinyl chloride copolymers constitute 95 to 98 per cent 
of the vinyl fabric-coating compositions. 

Vinyl butyral plasticized is used universally in pro- 
duction of safety glass, for which it is better suited than 
any other resin. It will produce a satisfactory fabric- 
coating composition when plasticized properly and — 
when used with a resin which will cross link with the 
hydroxyls present to produce an insoluble composition 
similar to what occurs when rubber is cured. The 
vinyl butyral resin is made up of partially hydrolyzed 
polyvinyl acetate in which part of the hydroxyls have 
been replaced with the butyraldehyde. It is soluble 
in alcohol and hydrocarbons, and is compatible with a 
wide variety of plasticizers. Those most desirable will 
depend upon the ultimate use, although mixtures of 
oil and ester types have been found the most desirable. 

Compounds made of vinyl butyral can be coated upon 
very lightweight fabrics to give a maximum of flexibility. 
When small amounts of melamine formaldehyde or urea 
formaldehyde resins are incorporated into plasticizing 
butyral compositions and the coatings made from it 
heated a cross-linking action takes place. The cross- 
linked coatings are insoluble in most solvents and have 
far less thermal plasticity than before cross-linking 
takes place. Water sensitivity is greatly reduced. 

Time and temperature required for the cross-linking 

















Figure 1. Tension Spreaders 
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action to take place may be varied over a considerable 
range by the addition of catalysts. Acid catalysts 
promote the reaction so that only a few minutes is 
required at 300°F. The particular merit of vinyl 
butyral is that it will produce a soft flexible coating 
while maintaining a strong film. 


VINYL CHLORIDE 


Vinyl chloride is the most widely used vinyl com- 
pound for coating purposes, and is rapidly becoming the 
most widely used of the fabric-coating resins. While we 
speak of it as vinyl chloride, many of the resins are co- 
polymers. The Vinylite-type vinyl copolymers con- 
tain from 5 to 15 per cent of vinyl acetate copolymer- 
ized with vinyl chloride. The best of the resins contain 
approximately 95 per cent of vinyl chloride and 5 per 
cent acetate. 

Vinyl chloride coating compositions in general will 
contain approximately 50 per cent plasticizer on the 
weight of resin. Plasticizers commonly employed are 
mostly of the chemical type. Because of the manner in 
which vinyl chloride is processed the general tendency 
is to use plasticizers which are more permanent than 
commonly used with nitrocellulose. Most common 
plasticizers are: dioctyl phthalate, di-iso octyl phtha- 
late, octyl diphenyl phosphate, and cresyl diphenyl 
phosphate. More recently, some polyester plasticizers 


have appeared on the market. 
You are probably familiar with the unsupported vinyl 


film which is so common these days, used for tablecloth 
covers, shower curtains, raincoats, etc. The coating 
compositions are very similar, except that in general 
the coating will be a little more highly plasticized. Fora 
time, it seemed that fabrics would not be coated with 
vinyls to any great extent, but rather film would be 
sold for most uses. There is, however, a tendency back 
to coated fabrics in many instances because of the su- 
perior products which can be obtained. For instance 
even the heavy upholstery gages of film if nailed have a 
tendency to tear. A fabric-coated job would not have 
this fault. Likewise, there is a tendency of film to 
stretch and have constant tension which a coated fab- 
ric does not have. This is important in many applica- 
tions. 

In formulating with any vinyl chloride composition 
there are some primary factors to be considered, the 
first of which is that the resin must be adequately 
stabilized against the effect of light. Vinyl chloride is 
not stable to light except in the presence of certain 
stabilizers. This is not an uncommon characteristic 
of highly chlorinated compounds. The same is true 
for heat, and incidentally, heat chiefly comes from proc- 
essing rather than from exposure after the film has been 
deposited. The mechanism of breakdown is not identi- 
cal for both heat and light. Some stabilizers are par- 
ticularly good for light, others are better for heat. It 
becomes necessary, therefore, to stabilize with small 
percentages of materials in practically every composi- 
tion. Stabilizers employed run into the hundreds. 
Many of them are trade names. Many of them are 
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patented. In general, the stabilizers are based on the 
organometallic compounds of barium, cadmium, tin, 
and lead. The stabilizers in many instances are acid 
acceptors. It has been established that when break- 
down starts, HCl is liberated which accelerates the 
breakdown. It has become necessary to consider the 
pigments employed in connection with vinyl chloride 
and many of them will tend to accelerate the breakdown. 
Regardless of the cause, when vinyl chloride starts to 
break down, the first evidence is usually darkening and 
changing to black and finally becoming sticky. 

In the choosing of piasticizers for vinyl chloride, it is 
essential to take into consideration the ultimate end 
use, since not infrequently, the plasticizer may tend to 
migrate from the film into adjacent areas. If these 
areas are coated with materials which might be attacked 
by plasticizer, there is a tendency for the coated side to 
adhere to the surface and become cemented. You 
may have experienced the difficulty of laying a plastic 
handbag on a table, later to pick it up and find the 
varnish or lacquer used on the furniture adhering to it. 

In general, a vinyl coating compound might consist 
of 100 parts of vinyl chloride or copolymer, 50 parts of 
plasticizer, 1 to 3 parts of stabilizer, and up to 35 parts 
of pigment. In an unsupported film the plasticizer 
would average 35 parts. 

Now, with the solid composition established, there 
are several ways in which a vinyl compound can be 
applied to a fabric. In one, the entire compound can 
be dissolved in suitable solvents and applied by methods 
which will be described later. The resin which is rela- 
tively difficult to dissolve can be made in such an 
exceedingly fine furm that when dry it resembles a pig- 
ment. This powder when suspended in nonsolvents 
along with the plasticizer and pigments at concentra- 
tions upward of 65 to 90 per cent, can be applied to the 
fabric in a very heavy slurry, allowed to dry, and then 
passed into a high-temperature zone 350 to 450°F. 
The resin will melt and fuse with the plasticizer to form 
a continuous strong coating. Such a coating is called 
an organosol. It is possible to disperse this resin 
without the presence of any solvent using the plastici- 
zer alone. This composition is termed a plastisol. 
The coating composition may also be applied to the 
fabric in a molten form. 

Vinyl chloride coatings have very good weatherability 
if properly stabilized. They are tough and have better 
than average low-temperature flexibility. Economi- 
cally, they are as cheap as other fabric coatings and can 
be made in practically any color. Economically also, 
all of these vinyl chloride resins are exceedingly attrac- 
tive because it is not necessary to use expensive sol- 
vents to apply them. 


COATING FABRICS 


Much has been said about the composition of the 
coatings used for fabrics and now for a brief description 
of how fabric is coated. Coatings are laid down either 
from solvent solutions, or in the case of the vinyl or- 
ganosols and plastisols, from suspensions and by calen- 
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dering. The solutions or suspensions are coated on 
several different types of equipment, whereas the cal- 
endering is done by applying the coating as a thermo- 
plastic mass. 

The types of equipment used chiefly for solution 
coatings are the so-called tension spreader and the rub- 
ber spreader. These applying devices are relatively 
simple and consist of a means of spreading a heavy solu- 
tion uniformly over the cloth while it is under tension. 
The tension spreader is simply a device by which cloth 
under tension is pulled over two parallel rolls or a roll 
and a bar in a horizontal position. The rolls may be a 
foot apart. Between them is a knife or blade set in a 
vertical position which pushes the cloth down between 
the two rollers. The coating solution is poured into the 
depression on the near side of the blade which scrapes 
off the material in accordance with the setting of the 
blade. 

The fabric to be coated is pulled under the knife into 
a drying oven. Usually it goes around a roll and re- 
turns through the oven and winds up close to where the 
fabric started through. By putting friction on the roll 
of fabric as it unwinds, it is possible to control the ten- 
sion to what is desired. The amount of coating which 
will be deposited is a function of the tautness of the 
fabric, the rate at which the fabric travels, and the 
shape of the scraping blade, also the angle at which the 
blade is set. In regular operation 54-in. fabrics are 
coated at a linear speed of from 30 to 120 ft. per minute 
and the drier so arranged that approximately 5 min. is 
allowed in the drying chamber at from 160 to 180°F. 

The number of passes required to build up a satisfac- 
tory thickness will vary from 5 to 15, depending upon 
the quality of the coating and the thickness desired. 
Usually a half a mill or half a thousandth of an inch can 
be built up at one pass from true solvent solutions. In 
the case of the resin suspensions or organosols, which, 
because they are not continuous films and can release 
solvent very rapidly without blistering, can be coated 
up to two or three mills on each pass. It is seldom neces- 
sary to make more than three passes through a coating 
machine using this material, even in the heavier gages. 

The so-called rubber spreader is a similar type of 
device except that the amount of coating is accurately 
metered on the surface by setting a knife blade at a 
definite distance from a roll over which the fabric 
passes. By raising or lowering this blade it is possible 
to adjust the thickness of the coating. The matter of 
tension of the fabric is somewhat insignificant. The 
advantage of this kind of setup is that the fabric may 
be driven or pulled under the coating head with far less 
tension; thus it will not stretch the fabric so much and 
in the case of long driers will not put too much tension 
on lightweight fabrics. Generally speaking, about the 
same number of coats is required whether this type of 
equipment is used or whether the tension coater is used. 

The ideal way to apply a coating would be to use the 
resin in a molten state and thus avoid the costly sol- 
vents which serve only as a carrier and are lost unless 
some means is taken to recover them. 
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The calendering process of applying coatings is simply 
to melt the resin to a semisolid. In this process a solid 
resin is heated to a thermoplastic state by placing it on 
heated rolls which squeeze it to a very thin film, so that 
heat can easily get distributed through the mass. 
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Figure 2. Rubber Spreader 


When softened sufficiently it is transferred to the calen- 
der which is a series of heated rolls, usually four in a 
vertical position.” The resin is placed between the top 
two rolls where it goes first between these two rolls, 
then passes down through the second and third rolls. 
The film, which by this time has reached its desired 
gage, transfers directly onto the fabric which is fed 
between the third and fourth rolls. The film is pushed 
into the fabric to an extent depending upon the amount 
of pressure applied. 

By the use of a calender it is possible to lay down just 
as thick a coat as is desired in one application. The only 
limiting factor is that it is not possible to apply thin 
coatings. The only kind of materials which can be 
coated on such a device are those which are 100 per cent 
thermoplastic at the time of application. The smooth- 
ness of the calender rolls will determine the smoothness 
of the finished coating. The pressure which is applied 
will determine not only the thickness, but how far it is 
driven into the fabric. In many cases, it is desirable to 
first apply a spread coat of solvent solutions over the 
fabric to get anchorage and then apply the calender 
coat directly over this. Calendering is the most eco- 


Cooling Section 


4 Roll Calender 
Figure 3 
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nomical way of coating, inasmuch as there are no sol- 
vents employed whatever and only one pass is required 
to lay down the entire coating. A calender can be used 
not only for the production of coated fabrics, but, if no 
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fabric is run through on which the film is to be deposited, 
the film can be cooled rapidly and taken off as unsup- 
ported film. Practically all of the unsupported film on 
the market today is made by the process of calendering. 


6 THE WURTZ REACTION’ 


In many textbooks of elementary organic chemistry, 
one of the first reactions presented to the student is the 
Wurtz reaction. The application of this reaction to the 
preparation of a hydrocarbon containing an odd number 
of carbon atoms requires the use of two different alkyl 
halides. However, when two different alkyl halides, 
RX and R’X, are used together, three hydrocarbons 
are produced, R-R and R’-R’ from reactions of like 
molecules together, and RR’ from reaction of unlike 
molecules together. The question is frequently raised 
by the student as to the proportions in which the three 
hydrocarbons are produced. Most of the textbooks 
do not attempt to answer this question. 

But one?, in referring to the preparation of n-heptane 
by using n-butyl iodide and n-propyl iodide, says: 
“The reaction affords a mixture of which the unsym- 
metrical product, n-heptane, can be expected to con- 
stitute no more than one-third.” However, application 
of the laws of probability leads to a different conclusion. 

Let us suppose that we use n molecules of RX and 
n molecules of R’X in a Wurtz reaction and let us 
assume furthermore that the two halides are of equal 
reactivities. Then the number of combinations forming 
each hydrocarbon is given in column two of Table 1. 





1 Presented before the South Carolina Section of the American 
Chemical Society in joint session with the South Carolina Acad- 
emy of Science in Columbia, South Carolina, on April 23, 1949. 

2 Freser, L. F., anp Mary Fieser, ‘‘Organic Chemistry,” D. C. 
Heath & Co., Boston, 1944, pp. 38 and 39. 
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Also given is the ratio of each number of combinations 
to the total number of combinations and the limit of 
that ratio as n approaches infinity. The number of 
molecules in any workable quantity of halide is so large 
that n may be considered infinite. This leads then to 


the conclusion that the composition of the hydrocarbon - 


mixture produced by such a reaction should be as 
follows: R-R, '/s4; R-R’, '/2; R’-R’, 1/4. 

In order to test this prediction an experiment was 
done in which 1 mol of n-butyl bromide was mixed 
with 1 mol of n-hexyl bromide and reacted with 2.4 
gram-atoms of sodium in the conventional manner.’ 
The crude yield was carefully fractionated through a 
1.5 X 65 em. column packed with helices, with the 
following results: 14.3 g. of material considered to be 
l-hexene and hexane (disproportionation by-products; 
no effort was made to retain any butene and butane 
formed); 21.7 g. (0.19 mol) n-octane; 42.3 g. (0.30 
mol) n-decane; 33.3 g. (0.20 mol) n-dodecane. The 
mixture produced by the Wurtz reaction proper 
totals 0.69: mol of hydrocarbon which is proportioned 
as follows: n-octane, R-R, 27.5 per cent; n-decane, 
R-R’, 43.5 per cent; n-dodecane, R’-R’, 29.0 per cent. 
This result is in general agreement with the above 
prediction and shows definitely that more of the 
“mixed’’ product is obtained. 





3 Ropertson, G. R., “Laboratory Practice of Organic Chem- 
istry,’”’ Rev. ed., The Macmillan Co., New York, 1943, p. 287. 
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w pH AND HYDROLYSIS OF A DOUBLY WEAK SALT 


Tue problem of calculating the pH and hydrolysis of 
doubly weak salts (7. e., salts of a weak acid and a 
weak base with different ionization constants) is custo- 
marily shunned on account of its comparative com- 
plexity. Below an analysis of the order of magnitude of 
the quantities involved gives a very close approximation 
and a simplifying rule for solution of specific cases. 
The Problem. It is required to calculate the pH and 
percentage hydrolysis of a 0.1 M NH,CN solution.* 
Notation. 


C = Concentration of salt originally introduced = 0.1 M 
A = Acid ionization constant = 7 X 107" 

B = Base ionization constant = 1.8 x 10> 

W = Water ion product = 10“ 

a= ae acid anion concentration = [CN~] 

b = Final base cation concentration = [NH,*] 

x = Final (H*] 

y = Final [(OH7] 


Chemical Equilibrium. The following relations hold 
between the final ion concentrations at equilibrium: 


(At 3) 3 sid . 
INH(*t}[OH=}: Ee 
NH] ~ 7 2 = 18 10 (2) 
[H*+](OH-. = W = 1074 (3) 


These are three equations with four unknowns (2, y, 
a, 6), requiring a fourth relation for solution. 

In order that the action of hydrolysis may be 
dealt with in the more familiar concept of ionic disso- 
ciation, consider at first complete hydrolyzation to take 
place. Since [NH,*+] = [CN~-], the amounts of OH- 
and H+ used up thereby will be equal. Let also the 
remaining H+ and OH~ recombine to form H,0. 

Now dissociation takes place, v7z., 


a moles HCN + H+ + CN- (4) 
b moles NH;:H,O — NHy* + OH- (5) 


in such manner as to satisfy (1) and (2) above. 

Equation (1) independently would yield [H*) = 
(CN-] = V 0.i X 7 X 10-” = 8.4 X 10-* moles and 
(2) independently would yield [OH~] = [NH,*] = 
V0.1 X 1.8 X 10- = 1.3 X 10-* moles, so that the 
combination of (1) and (2) would yield 

JH+)[(OH-] = 1.1 X 10-* > 10-“ 

Hence to satisfy (3), some H+ and OH~ would recom- 
bine to form H.O. Owing to the resulting removal of 
H+ and OH- ions from the solution, equilibria (1) 
and (2) will cause further dissociation of HCN and 


* This problem was suggested by Dr. Eli M. Levine, Professor 
of Chemistry at Yeshiva University, New York. 
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NH;-H20 and the cycle of dissociation is repeatedly 
gone through in diminishing amounts until the relative 
amounts of ions finally adjust themselves so as to satisfy 
(1), (2), and (3). 

Since confusion is likely to arise in visualizing the 
mutual reactions and arriving at a clear concept of the 
quantities taking part, it is strongly recommended that 
all such reactions be represented graphically in the fol- 
lowing manner, showing the over-all resulting dissocia- 
tion together with the mutual relations of ion concen- 
trations: 








HCN NH;-H.20 
No. of moles: C C 
ra Ye a) 
PRS ae 
oe H+ OH- | \ 
rag 2 
HCN CN- Ht HOH OH- NH,t NH;-H,O 
C-a a x w y b C—b 
[H*]ICN-] _ tt ae 
(HCN) = A {(H*+](OH-] = W INHa] = B 


The amount of H+ and OH™~ formed by (4) and (5) 
and recombining to form H;O is w moles. 

From the diagram it becomes evident that the 
amount of H+ removed from HCN — H+ + CN>- in 
order to form water is equal to the amount of OH 
removed from NH;-H.O — NH,+ + OH- in order to 


form water, 7. e., 
w=a-xr=b-y (6) 


This is the fourth relation sought above. It may also 
be stated as 


[(CN-] — [H+] = [NH,*] — [OH7] (7) 


Assumption a, b < C. In the, treatment of singly 
weak salts (like NaCN), a simplification usually intro- 
duced is that since HCN isa weak acid, H* is very small 
as compared to HCN and may be neglected with re- 
spect thereto. Similarly for NH;-H,O. Hence we 
would have 

Final [HCN] = rs (8) 
Final [NH;-H20] ~ C 

Our aim is now to eliminate the unknowns (small letters) 
a, b, y, (w), and solve for z in terms of the given con- 
stants (capital letters). Substituting a, b, x, y in (1), 
(2), and (3) and using a = « + wand 6b = y +w [from 

(6)], we obtain from (1): 
x(x + w) AC 

Cc 


z 


(9) 


=A or t+w= 


from (2): 
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wwt) 2 or ytw =e (10) 
Subtracting, 
ty =< (dy - Be) 
Substituting zy = W from (3) and rearranging, 
«(BC + W) = y(AC + W) 
Substitution of y = W/z gives 
7 AC + W 
WBC + W 
Now since W << AC and BC, 
z = /W-(A/B) (11) 
which is independent of the precise value of C. Numeri- 


cal solution would then give 





<x 10 S 
= {H*) = -u OX 10°" = 6.24 x 10-™; 
z= [H*) y Pin x 
pH = 10 — 0.8 = 9.2 
= (OH-| = 1.6 X 10; a = (CN-] = 0.112 = w 
w = 0.112; b = [NH,t] = 0.112 = w 


Examining the values thus found, a > C andb>C, 
which is not possible and shows that our assumption 
(8) was incorrect; @ and b may not be neglected as 
compared to C in the denominators of (1) and (2). 

Exact Equation. Instead of (9) and (10) we must 
therefore use the exact expressions 





2: Gt). my eee 
ay Ip =A or w(x+A)=AC — Ax — 2? (12) 
pote =B or w(y +B) = BC — By —y* (13) 
Cross-multiplying and substituting y = W/z, 
e+ ayee = BWs = Wt WH Bape gy 99 
whence 
2B + z(AB + BC + W) + 2W(A — B) — 
xW(AB+AC+W)-—AW?=0 (14) 
an equation of the fourth degree, giving x = [Ht] in 


terms of the known values A, B, W, C. 
In our particular case, C > A, B, and W, so that the 


coefficients practically reduce to give 
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z'-B + 2?-BC — 2?:WB — 2-WAC — AW? =0 |. (15) 


Order Analysis. Let us now express order of magni- 
tude as the negative power of 10, in the same way as 
pH is expressed; e. g., “order 12” is to mean “the order 
of magnitude 10~—'?.” 


Let 2x beoforder n (obviously 0 < n < 14) 
also, A isoforder 9 
B is of order 


C_is of order 


W isof order 4 


Then if w we assume a definite value for n, we can find 
the order of each term in (15). The terms of high order 
practically vanish as compared to the terms of low 
order and may be neglected, so that we may use only 
the two terms of lowest order to obtain a very close 
approximation. 

Again, if we assume a different value for n, we can 
repeat this process, obtaining a different result. 

The table below gives, for each assumed value of 
n (0 <n < 14), the order of each term in (15), the cor- 
responding two terms of lowest order, and the resulting 
approximating equation, (See table). 

Since x cannot be negative, we must have 7 <n < 10, 
1. €., for x = H+, 10-7 > H+ > 10-"° and only the 
second formula can be applicable in our case, so that 


x = /W-(A/B) (16) 


This is of the same form as (11), but it is important 
to remember that a and b are subsequently not to be 
obtained from (9) and (10) but must be found from 
(12) and (13). The numerical values are: 


r = fH*t) = 6.24 x 10-” a = |CN-] = 5.3 X 107? 
= (OH-] =1.6 xX 10-5 b = (NH,t] = 5.3 X 107° 
wu = 5.3 X10 (HCN | = 0.047 
pH = 9.2 [INH;:H2,0) = 0.047 
: 0.047 
Hydrolysis of 0.1 M NH,CN ~ rt -100 = 47% = (17) 


From the numerical values, z, y < w so that x + w 
Awandy +www; (9) therefore would give w & 
AC/z while (12) givesw ® AC/(x + A). Itisseen that 
A is of the same order of magnitude as x and may not 
be neglected with respect thereto, requiring replace- 
ment of the incorrect (9) by the correct expression (12). 

Conclusion. For our particular case we have thus 
evolved the following rule: 














Order of - > n 
Term coefficient 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Resulting order of respective term 

x4 4n+ 5 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 

x? 3n + 6 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 

z? 2n + 19 19 21 23 25 27 29 31 33 35 o@ 39 41 43 45 47 

x n + 24 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 

r 1 37 37 37 37 37 37 37 37 37 37 37 37 37 37 37 37 

The 2 terms of lowest 4 4 3 3 3 3 3 3 3 3 1 1 a: 1 0 

order contain x to 3 3 4 4 4 4 4 1 1 1 3 0 0 0 1 

the power of s -8 at aie e% (1) ne ye gi, (0) 

Resulting equation z=-C V W-(A/B) z= -W/C 
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“Calculate [H*] and pH by neglecting a, b as agailist 

C [equation (11)]. Then find all other ion concentra- (18) 

tions and hydrolysis by using this [H+] but NOT ne- 

glecting a, b as against C [equations (12), (13)].” 

An analysis similar to the above may be made for 
salts of dibasic acids, e. g., (NH4)eC2Ox. 

Three things now remain outstanding: 
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(1) Experimental confirmation of the pH as 9.2. 

(2) Experimental investigation to validate rule (18) 
for other doubly weak salts in varying concentrations. 

(3) Experimental investigation on a tentative ex- 
tension of rule (18) to doubly weak salts of polybasic 
acids and polyacidic bases. 


& AUTOMATIC TITRATION DEMONSTRATION 


Recentiy the chemistry department of Huntingdon 
College took part in a Science Open House. For such 
affairs there are always plenty of displays that can be 
prepared and interesting demonstrations that can be 
performed, but it was felt that interest would be added 
by having something that would “work” by itself— 
something automatic. It was further felt that some- 
thing involving colored reagents would be attractive. 
After considerable experimentation, what was referred 
toas the ‘‘Automatic Titration’’ apparatus was evolved. 

The setup was so arranged as to deliver alternately 
a small amount (five or six drops) of 1 N NaOH and of 
| N H,SO, into a one-liter beaker containing 600 or 
790 ml. of distilled water plus 2 or 3 ml. of phenolphthal- 
ein solution. The contents of the beaker were stirred 
with a motor stirrer, which is not shown in the diagram. 
The acid and base were contained in the bottles, A, and 
were delivered by siphon into the reaction beaker, B. 
The siphons were alternately opened and closed by 
having part of each made of rubber tubing so that one 
could be pulled down and pinched shut, as at C, while 
the other was pulled up and held open, as at D. Posi- 
tive action was obtained in the closing, and leakage was 
not a problem. The alternate raising and lowering 
were brought about by attaching the rubber tubing of 
the siphons to opposite ends of a rocker that was oper- 
ated by water power. Therocker consisted of a trough, 
made of tin from tin cans, about 31 cm. long, 2.5 cm. 
wide, and 4.5 cm. deep. It was divided into two com- 
partments by a partition across it at the middle, which 
partition extended about 4 cm. above the sides. The 
two end walls were only 3 em. high, thus allowing water 
to spill out at the ends. 

To operate the rocker, it was placed on a pivot and 
located under a water faucet so that water could run 
into one compartment just at the center partition. 
When the compartment filled, the rocker would tilt in 
that direction and some of the water would run over 
the low end wall. As the rocker tilted, the water from 
the faucet would begin to run into the other compart- 
ment. When that compartment filled, that side of the 





1 Members of the class in Freshman Chemistry. 
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Aut tic Ti Apparatus 

rocker would be heavier, the rocker would tilt in that 
direction, and the whole procedure would start over. 
The rocker was located over a sink to take care of the 
water that spilled over at each tilting. Screw clamps 
were used to control the flow from the siphons. 

The apparatus worked satisfactorily during three 
sessions of several hours each, although it required 
occasional adjustment. The rate at which the rocker 
tilted varied with the rate at which water flowed into it. 
Variation of water pressure in the line sometimes made 
it necessary to adjust the faucet. Since the amount 
of acid and the amount of base delivered each time were 
only approximately the same, one or the other accu- 
mulated on long running of the apparatus, and this 
required adjustment. An efficient motor-driven stirrer 
was needed so that each reagent would get thoroughly 
mixed before the other was added. 





& AN EFFECTIVE TEACHING DEVICE 


Tue use of objects, specimens, and models as teach- 
ing devices is a most effective means of showing the con- 
nection of a particular subject-matter field with its 
practical application to industry and business. The 
field of chemistry abounds with materials that can be 
used to enrich the texts and reference books that are 
normally used in chemistry courses. The return of a 
competitive market, together with the normal coopera- 
tion that educational institutions receive from business 
and industry, presents an excellent opportunity to begin 
such a project. 

The teaching device which is to be described resulted 
from the writer’s desire to make use of a highly hetero- 
geneous collection of unused commercial exhibits that 
greeted him upon his arrival at a new teaching situation. 
It is not always possible to obtain sufficient space in the 
usual high school or junior college to set up a permanent 
display of a great number of these aids. Perhaps this 
is for the best, as the exhibit is soon taken for granted 
and is seldom observed when the novelty has worn off. 
All of the advantages of a scientific museum, plus some 
additional benefits can be secured from the device pre- 
sented. 

A table 26 in. wide by 48 in. long and 36 in. high was 
secured. A 4!/2-in. piece of 1/i-in. plywood was at- 
tached vertically to the front edge; a similar piece 11 
in. high was placed along the back edge. On each end 
was placed a piece that can best be constructed by 
referring to the figure. A piece of shelving 8 in. wide 
was attached to the top of the back piece. By means 
of suitable support, a piece of double-strength window 
glass was placed on the sloping opening. This highly 
satisfactory construction may be changed to meet the 
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local situation. In any event, the cost is extremely 
small for the benefit derived. Breakage caused by 
students leaning on the glass was not a problem. A 
humorous sign “KEEP OFF THE GLASS’ printed on 
a large gummed sticker solved the problem. 

Each week a different display was placed in the case. 
As far as possible the displays were related to the topic 
that was discussed in chemistry classes during thai 
week. For example, the text discussion of elements 
and compounds coincided with a display of materials 
used in the manufacture of the telephone. These in- 
cluded iron, tin, copper, zinc, beeswax, wool, phenol 
resin, cotton, talc, coal, and some 20 others. 
chlorine was the classroom topic, an exhibit of chemi- 
cals obtained from sea water was used for the weekly 
display. The chapter on the metric system was made 
more meaningful when, with the help of a local phayma- 
cist, various graduates, beakers, pipets, and other 
laboratory equipment, which included a set of metric 
weights were displayed. While the metals were being 
studied, several fine exhibits that dealt with specific 
metals and their alloys were shown. In some cases, the 
commercial exhibits were supplemented with local pur- 
chases. For example, two fusible alloy sprinkler valves 
were obtained for inclusion in an exhibit of bismuth 
and its compounds. Frequently, without resorting to 
any supplementary materials, the entire exhibit was 
secured from the chemistry stockroom. The source of 
the original exhibit materials is not known, but the 
writer had no difficulty increasing the number of ex- 
hibits. Letters addressed to chemical companies 
usually brought materials that could be used, or pam- 
phlets which were placed in the library for reference. 
Three of the finest displays were obtained by interested 
students who brought: a collection of tanning chemi- 
cals and 20 grades of finished leather; samples of the 
materials used in the making of paper, complete from 
chips to printed pages; substances used at a local plant 
in the manufacture of pottery and vitrified china. 

It should not prove difficult for an instructor to secure 
materials for display. In order to obtain additional 
materials a joint project was sponsored in cooperation 
with the English Department. Each student*selected 
or was assigned by the chemistry instructor a company 
to which he wrote. After proper clearance, to avoid 
duplication, a letter which described briefly the project 
and requested assistance was written. This letter was 
checked and graded by the English instructor; later, 
a letter of acknowledgment was sent to all responding 
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companies. Where the letters could not be addressed 
to an individual, the request was sent to the sales 
manager. In one case, the reply included 14 photo- 
graphs, product samples, and reference material. 

With much of the present academic year still ahead, 
it would seem to be a most appropriate time to begin 
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such a venture. Student participation in such a proj- 
ect would reduce the instructor’s duties to supervision 
of the construction of the display case and to super- 
vision of the requests that are to be sent. The edu- 
cational value of such a display is great in terms of the 
knowledge obtained and student interest created. 


* HYDROLYSIS OF NYLON 


T ne increased use of Nylon as a commercial material 
lends added interest to its study in the laboratory. 
The production of Nylon is not performed easily in the 
student laboratory and similar difficulties are encount- 
ered in any attempt to present its production as a class 
demonstration. A study of the chemical properties 
of Nylon may be accomplished through its hydrolysis 
in acid solution. Nylon resists alkaline hydrolysis even 
after boiling several hours. The present paper offers 
an exercise on the hydrolysis of a Nylon hose and the 
isolation and purification of the products of the reaction. 
The E. I. DuPont Co. reclaims Nylon through the 
hydrolysis of waste Nylon in an acid solution.! 

The Nylon of hosiery results from the condensation 
of adipic acid and hexamethylenediamine. Upon the 
acid hydrolysis of Nylon, the adipic acid crystallizes 
from the acid solution. The free hexamethylenedia- 
mine is soluble in aqueous solutions and is isolated 
readily by means of its dibenzoyl derivative. 

This exercise not only affords added interest in Nylon 
but also exemplifies a number of fundamental princi- 
ples: the hydrolysis of the —CONH— linkage; 
the separation of basic and acidic organic compounds 
from a mixture of the two; the liberation of a weaker 
base from its salt by a stronger base; the benzoylation 
(esterification) of an amine. It also affords further 
practice in the techniques of crystallization and the 
melting point. The experimental basis for the hydroly- 
sis of Nylon described in this paper developed from a 
group of students in the organic laboratory. From this 
point, individual studies were made to determine 
the optimum conditions for maximum yields. The 
items studied were: concentration of acid; time of 


1 Chem. Inds., 55, 376 (1944). 
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hydrolysis; removal of sizing from the hose; sol- 
vents for the recrystallization of the products. The 
student results for recrystallized products showed over- 
all yields of 43 per cent, with sharp melting points. 
The yields of crude products for the optimum experi- 
mental conditions were near 90 per cent for both the 
adipic acid and the dibenzoyl hexamethylenediamine. 

The general formula for the Nylon from adipic acid 
and hexamethylenediamine is presented below (1), 
together with the reactions (2), (3), (4), which represent 
the chemistry involved in the hydrolysis and isolation 
of the products. 


—NH(CH2)eNHCO(CH2)4«<CON H(CH2)sNHCO(CH2),sCO— (1 
Polyamide of the Nylon Type 


30% H.SO, COOH 
Nylon (CH2), 43 
Reflux 6 hours COOH 


Adipie Acid 

? NH2 

(CHez)s |-H:SO, (2 
NHe _le 


Hexamethyl- 
enediamine Sulfate 


NH, 
(CH2)s |-H.SO, + 2NaOH > 
NH: _b NH, 
(CH2)s + NasSO, + 2H,0 (3) 
NHe 
Hexamethyl- 
enediamine 
NH; NHCOCG.H; 
(CHe)s + 2CsHsCOC1]—> (CH2)s + 2HCI (4 
NA; NHCOC,.H; 
Dibenzoyl 
Hexamethylenediamine 


The following experimental details are presented in 
the form of a student exercise. 
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THE HYDROLYSIS OF NYLON 


Place 140 ml. of tap water in a 500-ml. round-bot- 
tomed flask and add to it 33 ml. of concentrated sulfuric 
acid, slowly with shaking. Prepare the Nylon hose as 
follows: Immerse the hose three or four times in 100 
ml. of acetone and squeeze out the solvent after each 
immersion. Rinse the hose well in water and dry it 
thoroughly. This process removes most of the sizing 
from the hose. Cut the hose in pieces and weigh a 
sample (not over 8 g.) to the closest 0.1 g. on the trip 
scales. Place the sample in the hot acid mixture with 
2 or 3 pieces of porous chips. Connect the flask to a 
water-reflux condenser with a rubber stopper and reflux 
the mixture for a period of six hours. The time of 
refluxing may be broken up into two or three periods. 
The mixture takes on a deep red color from the dye in 
the hose. The Nylon goes into solution almost com- 
pletely at the end of one hour. At the end of the 
refluxing, filter the hot mixture through an ordinary 
filter paper in a Biichner funnel. Transfer the filtrate 
to a 400-ml. beaker and let stand until the next labora- 
tory period. Cool the mixture in an ice bath to insure 
complete crystallization of the adipic acid and filter by 
suction through a fine filter paper. Save the filtrate 
and recrystallize the adipic acid as described in the 
following section. 


THE PURIFICATION OF ADIPIC ACID 


Dissolve the adipic acid in the least possible amount 
of hot water (10-15 ml.) and treat the hot solution with 
0.1 g. of decolorizing charcoal if the original material 
was dark. Filter the mixture (keep hot) and cool the 
filtrate in an ice bath. Filter the crystals by suction 
and spread them on a filter paper to dry. When the 
crystals are dry, weigh them and take a melting point. 


ISOLATION AND PURIFICATION OF DIBENZOYL 
HEXAMETHYLENEDIAMINE 


The deep red filtrate from the hydrolysis contains the 
sulfate salt of hexamethylenediamine. Remove the 
color as follows: Prepare a solution of NaOH by dis- 
solving 50 g. of NaOH pellets in 200 ml. of tap water. 
Stir the solution until the pellets are entirely dis- 
solved. Add this NaOH solution with stirring to the 
red filtrate until the solution is barely alkaline to 
litmus (it will require most of the solution). The 
resulting hot solution is treated with 0.2 g. of decolor- 
izing charcoal and the mixture is stirred well at 80- 
90°C. (Heat if necessary.) Prepare a Biichner funnel 
with a fine filter paper and set the paper on the funnel 
with water. Start the suction and filter the ‘mixture. 
The filtrate contains the purified diamine in solution. 

Add the remainder of the prepared NaOH solution 
(or a further 20 ml. of 20% NaOH) to the purified solu- 
tion of the diamine. Now, precipitate the diamine as 
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the dibenzoyl hexamethylenediamine by adding 10 ml. 
of benzoyl chloride under a hood with vigorous stirring. 
Continue the stirring and maintain an alkaline solution 
(litmus test) by the addition of further quantities of the 
20% NaOH solution. When the odor of benzoyl] 
chloride has disappeared filter the mixture by suction 
and press it well on the filter by means of a spatula or 
small beaker. Transfer the product to a 600-ml. beaker 
containing 400 ml. of water and stir vigorously to 
remove free alkali from the product. Filter the product 
again by suction and press it well on the funnel. Wash 
the product on the filter paper with 100 ml. of water 
and press well under suction. Transfer the product 
to a 200-ml. round-bottomed flask and add 60 ml. of 
ethyl alcohol. Attach the flask to a reflux condenser 
and heat to boiling. If the product does not dissolve 
readily after refluxing 10 minutes add a further 20 ml. 
of alcohol and reflux the mixture again. Upon complete 
solution of the product (Note: A slight amount of 
insoluble material may remain at this point) transfer 
the hot solution (CARE—no flames) to a beaker (treat 
with charcoal again if necessary) and add water, drop- 
wise, with stirring, until the mixture becomes cloudy. 


Set the mixture aside until crystallization is complete. . 


The dibenzoy] derivative crystallizes in a heavy mass of 
colorless crystals. When the crystals are dry. weigh 
them and take a melting point, as follows. 


MELTING POINTS OF THE PRODUCTS AND THE DATA 
ON YIELDS 


Refer to the laboratory manual and prepare an 
apparatus for the determination of the melting points. 
Powder the dry samples of the adipic acid and diben- 
zoy| hexamethylenediamine and place them in separate 
capillary tubes. Mount the tube of adipic acid on the 
left and that of the dibenzoyl hexamethylenediamine 
on the right side of the thermometer. Heat the melting 
point bath rapidly to 140°C. (with stirring) and then at 
a rate of not more than 2° per minute. Observe the 
melting point ranges of the products and record them in 
the table. Pure adipic acid melts at 149-150°C. and 
the pure dibenzoyl hexamethylenediamine melts at 
155°C. 

Record the data for your preparations in the following 
table: 

Weight of washed, dry Nylon hose g. 
Weight of adipic acid isolated ———-g. 
Weight of dibenzoyl diamine isolated........... g. 
Actual weight of diamine (from 3) 

(Note: The weight from 3 must be multiplied 

by the factor 0.358) g. 
Total weight of products isolated (2 plus 4) g. 
Percentage recovery: 

Total weight (2 plus 4) X 100............... ———-% 

Weight of hose 

Melting point range of adipic acid (uncorr.)..... .———°C. 
Melting point range of dibenzoyl hexamethylene- 

diamine (uneart.); «5. PR i les ce? —-—°C, 
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THE USE OF PYRIDINIUM BROMIDE 
PERBROMIDE FOR BROMINATIONS 


Tue chemistry instructor usually assigns bromina- 
tion reactions to the students after much deliberation 
and anxiety. This is quite understandable because of 
the hazards associated with bromine. The latter not 
only causes severe burns but the fumes produce a suf- 
focating effect and are a source of much irritation. 
However, in the last few years various solid brominating 
agents have become commercially available, notably 
pyridinium bromide perbromide,! and N-bromosuccin- 
imide.? An excellent discussion of the reactions con- 
ducted with N-bromosuccinimide has been published.* 

Brominations with pyridinium bromide perbromide 
are safe and convenient. Since pyridinium bromide 
perbromide, C;HsNBr-Br: is a relatively stable red 
crystalline compound,** having a melting point of 
135-6°C. (dec.), there are no annoying fumes to contend 
with during handling; no elaborate apparatus is neces- 
sary for weighing out the required amounts of pyridin- 
ium bromide perbromide and when spilled it can be 
easily brushed off clothing, hands, or face with no 
accompanying danger of burns. Moreover, the student 
feels safer when handling “solid” bromine. In con- 
trast to disagreeable and dangerous bromine, pyridinium 
bromide perbromide can be safely stored in the labora- 
tory with no danger of spillage and annoyance to stu- 
dents and instructors. 

The brominations herein reported have been under- 
taken because they are usually the most common re- 
actions performed in university and college labora- 
tories. An attempt has been made to follow the normal 
procedures from the references indicated, but substitut- 
ing pyridinium bromide perbromide for the bromine, 
assuming that the perbromide contained 45 per cent of 
available bromine. The manufacturer has reported 
45 to 50 per cent bromine available. However, the 
lower limit has been utilized so as to insure complete 
bromination. From some of the reactions conducted 
it was evident that more than 45 per cent bromine was 
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E. WINKELMANN, Ann., 551, 80 (1942). 

3 Dyerasst, C., Chem. Rev., 43, 271 (1948). : 

4 Enatert, S. M., anp 8. M. McEtvarn, J. Am. Chem. Soc., 
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present because of the persistence of the red bromine 
color. 

It should be kept in mind that the yields reported are 
the result of one experiment; no variables were studied. 
Because of the complexity of the pyridinium bromide 
perbromide molecule and the influence of the pyridine 
ring on the total molecule, it is apparent that the effect 
of temperature and concentration of the reagent should 
have a marked effect on yields. 


EXPERIMENTAL PART 


Materials. The pyridinium bromide perbromide 
(PBPB) used in this study was supplied by Jasons 
Drug Company, 1085 Myrtle Avenue, Brooklyn 6, 
New York. 

N-Butyl Bromide.’ Nineteen grams of n-butyl al- 
cohol was added to a 500-ml. round-bottom three-necked 
flash fitted with a condenser, thermometer, and stirrer. 
One hundred grams of pyridinium bromide perbromide 
was dissolved in 40 ml. of absolute methyl alcohol and 
this solution was added to the reaction mixture in 
three divided portions over a period of one-half hour. 

The mixture was refluxed for two hours. At the end 
of this period the crude n-butyl bromide was distilled. 
The product boiling between 91° and 110° was collected. 
The color of the distillate was a bright orange and the 
remaining material in the flask was composed of a bright 
red liquid which weighed 71 g. (47 ml.) and 15.1 g. of a 
white sediment, probably pyridinium bromide. 

The distillate was placed in a separatory funnel and 
5 ml. of a saturated solution of sodium bisulfite was 
added. The crude material was then washed with 
water and concentrated sulfuric acid, followed by a 
washing with sodium bicarbonate. The product at this 
time was colorless. Subsequent drying over calcium 
chloride was next accomplished and the dried material 
was distilled. 

Fifteen grams of n-butyl bromide was collected at 
99° to 101°C., corresponding to a yield of 42.6 per cent. 

This low yield can partly be accounted for by assum- 
ing that methyl bromide had formed during the 
reaction. 

p-Bromoacetanilide.6 Thirty and one-half grams of 
acetanilide was dissolved in 50 ml. of glacial acetic 





6 Apams, R., AND J. R. JoHNson, ‘Elementary Laboratory Ex- 
periments in Organic Chemistry,’’ Macmillan Company. 
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acid and placed in a 500-ml. round-bottomed flask. 
Thirty-eight grams of pyridinium bromide perbromide 
was dissolved in 40 ml. of hot glacial acetic acid. This 
solution must be kept warm in order to prevent crystal- 
lization of the perbromide. 

The two solutions upon combination produced some 
precipitation. This mixture was then allowed to stand, 
without heating, for 30 minutes. 

At the end of this time, 2 ml. of saturated sodium 
bisulfite solution was added to the mixture. The result- 
ing mass was filtered with suction and was then recrys- 
tallized from hot ethyl aleohol (95 per cent) to yield 
13 g. (60.8 per cent) of p-bromoagcetanilide having a 
melting point of 168°C. 

Bromination of Anethole,’ CH;—CH=CH—CoH, 
OCH;. The bromination of the double bonds of anethole 
was conducted on a micro and a macro level. 

A micro preparation was conducted in which 100 mg. 
of anethole was dissolved in 2 ml. of isopropyl ether and 
to it was added dropwise 533 mg. of pyridinium bromide 
perbromide which had been dissolved in 2 ml. of absolute 
methanol. Precipitation occurred rapidly, but upon 
continued addition of the total volume of methanolic 
solution of PBPB, the precipitate dissolved. Cooling 
in tap water did not cause any crystallization, indicating 
that the brominated anethole was soluble in methanol. 

This experiment was repeated with 533 mg. of PBPB 
dissolved in one-half the amount of methanol used in the 
previous run. The precipitate which formed was re- 
crystallized from 5 ml. of hot petroleum ether. <A yield 
of 120 mg. (57.7) per cent, melting at 106°C. was 
obtained. A macropreparation was carried out using 
ten times the quantities indicated above. After re- 
crystallization from 10 ml. of hot petroleum ether a yield 
of 1.0 g. (48.1 per cent) melting at 104°C. was obtained. 


7 Cueronis, N. D., anv J. F. EntriK1n, “Semimicro Qualita- 
tive Organic Analysis,’ T. Y. Crowell, New York, 1947. 
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The above experiments on the bromination of ane- 
thole were also attempted using petroleum ether as a 
solvent for the pyridinium bromide perbromide. How- 
ever, no significant yields were obtained because the 
perbromide crystallized readily. 

Bromobenzene.6 Thirty-three grams of benzene and 
3 g. of iron tacks were placed in a 500-ml. round-bottom 
flask equipped with a reflux condenser and a small 
separatory funnel, thermometer, and stirrer. Sixty- 
seven grams of pyridinium bromide perbomide was 
added to the benzene and the flask was warmed gently 
to start the reaction. 

An additional 67 g. of the perbomide was dissolved 
in 60 ml. of absolute methyl] alcohol, placed in the sep- 
aratory funnel, and slowly added to the reaction flask 
over a period of one-half hour. After the complete 
addition of the methanolic PBPB solution the reaction 
was permitted to continue until no more red vapors were 
visible above the liquid. 

At this point the reaction solution was a deep orange- 
red color with no fumes evolving from the mixture. 
The reddish-orange product was washed several times 
with 10 per cent NaOH solution until colorless. 

A standard steam distillation apparatus with a 
water-cooled Liebig condenser was then utilized to 
effect separation of the crude p-dibromobenzene and the 
crude bromobenzene. The distillate was purified by 
first drying over 3 to 4 g. of calcium chloride and then 
distilling over through an air-cooled condenser. The 
portion which distilled over between 140° to 170° C. 
was collected and redistilled. 

Twenty grams (30.1 per cent) of bromobenzene was 
collected between 150° and 160°C. 

In all experiments rubber stoppers wrapped with 
asbestos were used. These stoppers had been pre- 
viously coated with carbon black and Dow-Corning 
silicone grease. 


BIG BLOW-UPS' 


Pp EACETIME research following developments in World War II 
has led to a better understanding of the behavior of high ex- 
plosives, how they may be controlled for useful application, and 
how accidents may be prevented. While the basic chemistry 
of highly explosive materials has been well understood for years, 
spectacular explosions, such as that at Texas City, indicate the 
need for more detailed knowledge of the conditions which can 
lead to explosions and for wider application of known safety pro- 
cedures. 

Chemical or combustion explosions, as distinct from explo- 
sions caused by overloading pressure vessels, always involve rapid 
rise in temperature. In one type, probably the most common, 
finely divided combustible material is dispersed throughout 
the air as dust or vapor. If conditions are right, and the dust is 
ignited, the explosive reaction proceeds throughout the mass or 
cloud with the speed of sound. If cornstarch is suspended in air 
at the ratio of seventh of an ounce to a cubic foot of air, and the 





1 Reprinted from /ndustrial Bulletin of Arthur D. Little, Inc. 


mixture is ignited under proper conditions, the resulting explosion 
would have enough power to wreck a substantial building. 

In true explosives, there is no need for atmospheric oxygen, for 
oxygen loosely bound within the molecule of the explosive can, 
with proper stimulation, combine with carbon and hydrogen also 
in the molecule. While a dust explosion pushes away objects in 
its path, detonation of a true high explosive shatters or penetrates 
the opposition. The “shock waves” which distinguish a high 
explosive from straightforward combustion generate pressure 
estimated as high as 100,000 atmospheres, or one and a half 
million pounds per square inch. Temperatures may go as high as 
7000°F. Impingement of the shock wave on an obstacle is the 
cause of the damage. Damage results also from the “kickback” 
at the site of the explosion, due to the inertia of an air mass in 
the path of expansion or a water mass behind the charge. 

The typical high explosive builds up a maximum pressure 
rapidly, with a total duration measured in millionths of a second; 
the intensity of the dust type is less, but the duration of the pres- 
sure is longer. Although serious results can occur when an 
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explosive reaction takes place between finely divided particles 
and air in a confined space, the conditions can be recognized and 
accidents avoided. In handling high explosives, however, the 
oxygen and its fuel cannot be separated, since they are in the 
same molecule; danger is always present and occasional spon- 
taneous detonation is unavoidable. 

Potential Explosives. Many common chemicals are potentially 
explosives and some of these are not recognized by the manufac- 
turers handling them. A drug product, for instance, exploded 
recently during manufacture because it was allowed to become 
unusually dry. Organic peroxides, which are used in making 
plastics, can sometimes be detonated by heat or shock, although 
there have been few explosions of this character. While most of 
these materials are not powerful as explosives go, they can be- 
come very sensitive to detonation, with serious results. Dryness, 
heat, and mixture with abrasive grit generally increase sensitiv- 
ity, while moisture and mixture with oil, wax, or tale reduce it. 

Another type of dangerous chemical, while not itself an ex- 
plosive, is so rich in oxygen that it forms a violently explosive 
mixture with combustible materials, such as petroleum or many 
other organic liquids. Perchlorates, which have caused several 
disasters, are bad offenders in this respect. Tetranitromethane 
can be especially powerful in mixtures; on one occasion it was 
accidentally mixed with twice the usual amount of toluene, and 
instead of burning quietly, it exploded with sufficient force to 
kill 10 people and injure 30 more. The infamous ammonium 
nitrate is quite resistant to attempted detonation when pure, but 


e Bulletins 


Among the bulletins and periodicals which have come 
to the Editor’s office recently are the following, which 
seem worthy of special notice: 

Careers in Engineering and Science. An excellent 
vocational guidance bulletin from the Polytechnic 
Institute of Brooklyn (99 Livingston St., Brooklyn, 
New York). 

Carnegie Institute of Technology, Nuclear Research 
Center. A well-illustrated descriptive bulletin. 

Iodine Abstracts and Reviews. (Iodine Educational 
Bureau, Inc., 120 Broadway, New York 5, New York.) 

Dowanols. A description of the properties and uses of 
four glycol ethers. (Dow Chemical Company, Mid- 
land, Michigan.) 

Tryptophan and Methionine. The first and second in 
a series of review bulletins which will cover all the 
essential amino acids. (Dow Chemical Company, 
Midland, Michigan.) 

Steel Making in America. Historical and de- 
scriptive review bulletin, well illustrated. ‘ (United 
States Steel Corporation, 71 Broadway, New York 6, 
New York.) 
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mixed with combustible materials, it can cause explosions such 
as the Texas City disaster. The excess oxygen of the ammonium 
nitrate combines with the fuel material with explosive force, 
hence the need for extreme caution in preventing contamination ° 
in transit. 

Safety First. In dealing industrially with recognized high ex- 
plosives, standard safety practices include isolation of the plant, 
limitation of the amount of material in any one operation, con- 
struction of suitable barricades, provision of structures which 
will yield to the explosion, and desensitizing of the explosives. 
Although many common high explosives will withstand drastic 
treatment without detonating, nonviolent decomposition on 
aging or from heat may lead to an impure explosive of increased 
sensitivity. 

On the other hand, many high explosives will burn smoothly 
when ignited and unconfined, and then show little tendency to 
detonate. A large quantity of TNT, for instance, spread thinly 
will burn quietly, while the same amount compressed in a heap 
will begin to burn, and may then explode without further warning. 
A theory has been advanced that there is a critical mass for any 
explosive compound, and that surface ignition of this mass will 
be unattended by explosive violence until some critical point is 
reached, at which time the heat and pressure generated by the 
burning exterior will have speeded up the oxidation reaction 
within the mass to the point where detonation occurs. The 
presence of a large mass, several thousand tons, has apparently 
contributed to the numerous ammonium nitrate disasters. 








A Professional Guide for Junior Engineers, by 
William E. Wickenden, President of Case Institute of 
Technology. A vocational guidance monograph, dis- 
tributed by the Engineers’ Council for Professional 
Development, 29 West 39th St., New York 18, New 
York. 

Industrial Uses of Radioactive Materials. A selected 
bibliography. (Arthur D. Little, Inc., Cambridge 42, 
Massachusetts.) . 

Research Today, Vol. 5, No. 1, 1949. 
entirely to “New research in antibiotics.” 
and Co., Indianapolis, Indiana.) 

Oilways, Vol. 16, No. 2, 1949. Contains an article, 
“‘Rust-bans up to date,’”’ dealing with rust prevention. 
(Esso Standard Oil Co., 15 West 51st St., New York 19, 
New York.) 

Isotopes. A descriptive bulletin of materials avail- 
able from the Atomic Energy Commission, Oak Ridge 
Operations, Box E, Oak Ridge, Tennessee; Attention, 
Isotopes Division. 

Chemi-Lume Lights. Brief description of materials 
available for a lecture demonstration of ‘cold light.” 
(Varniton Company, Burbank, California.) 
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& Balance 


A new analytical balance, The Speedigram, which 
‘permits untrained personnel to weigh objects quickly 
with complete accuracy and without the use of compu- 
tations or interpolation, has been introduced by Voland 
& Sons, Inc., New Rochelle, New York. 

With this new instrument, inexperienced operators 
have achieved weighing times of less than two minutes. 
The Speedigram can be an important factor in pro- 
duction laboratories for volume procedure. 


€ Stainless Steel Dewar Flasks 


An improved design in stainless steel, open Dewar 
flasks has been announced by Hofman Laboratories, 
Inc., of 212 Wright Street, Newark, New Jersey, 
specialists in vacuum containers for liquefied gases. 


» Oven 
A new laboratory oven especially designed for high- 


temperature operation is now available from Schaar and 
Company, Chicago, Illinois. With a temperature range 
of 40° to 420°C., the unit is constructed inside and out 
of type 302, 18-8 stainless steel. All six sides are 
insulated with a 41/2-inch blanket of fiberglas, allowing 
for minimum heat loss and the keeping of outer sur- 
faces cool after prolonged use. Temperature control 
is maintained by the use of an electric automatic 
controller. Response sensitivity is plus or minus 
1/2°C. The heating element is of a nickel-chromium 
alloy and is spread over the entire base of the interior. 


@ Registry of Rare Chemicals 


About 25 times a day every working day of the year 
someone makes an inquiry at the National Registry 
of Rare Chemicals. Inquiries as to sources of rare 
chemicals come in by letter, phone, wire, transoceanic 
cable, or the inquirer may call in person at Armour 
Research Foundation of Illinois Institute of Tech- 
nology where the Registry is maintained. 

During 1948 the Registry received about 6500 re- 
quests for sources of chemicals not stocked by the usual 
supply houses. The number of inquiries has increased 
substantially each year of the Registry’s six-year his- 
tory. 

Dr. Martin H. Heeren, director of the Foundation’s 
Research Division, conceived the idea of the Registry, 
founded it June 1, 1942, and isits director. Conception 
of the idea came several years before the Registry was 
founded, but an incident early in 1942 clinched Dr. 
Heeren’s opinion that industrial and research chemists 
needed a sort of clearing house for information about 
rare chemicals. 

Early that year the Foundation, which does indus- 
trial research and development, found itself faced with 
a chemical impasse. Handed a rush job by an insecti- 
cide manufacturer, Foundation scientists settled down 
to work only to find that “1,1-dichloro-1-nitro ethane,” 
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a then obscure compound of which they needed only a 
few grams, was not on hand and could not be found. 
None of the chemical supply houses listed it in their 
catalogues. None of the chemical firms or private labo- 
ratories seemed to have any. A month went by before 
the scientists located enough of the chemical for the 
experiment. 

Immediately thereafter the Foundation established 
the Registry as one of its public service activities. 
It is not a storehouse of chemicals. It is a large card 
file of sources of rare chemicals, its services free to any 
scientist needing them. 

For a beginning Dr. Heeren contacted some 2500 
industrial and educational laboratories in the country 
to determine what rare chemicals they had on hand. 
Much of the success of the Registry is due to the initial 
and continued cooperation by these laboratories. 
Several scientific journals and individuals have aided 
materially through their voluntary efforts. The wide- 
spread interest aroused by the Registry’s efforts to 
assist scientific workers throughout the world is reflected 
in the large number of contributions of source informa- 
tion which come in now from all directions. 


ra Harmonic Generator 


For the demonstration of wave shapes and properties 
of electrical circuits, a new educational device, called a 
“harmonic generator,” has been announced by General 
Electric’s Special Products Division. 

Developed for use in instructing science and engi- 
neering students in the theories of wave formation, the 
portable equipment consists of six voltage-generating 
units mounted on a single shaft and driven by a syn- 
chronous motor. The outputs obtained are a funda- 
mental voltage and five harmonic voltages having 
frequencies two, three, four, five, and seven times that 
of the fundamental voltage. The impulses are fed into 
an oscilloscope which translates into images on a screen 
the impulses of the waves generated, making them 
visible to the students. 

Studies of wave formation are particularly vital in 
the fields of electricity and electronics. In the past, 
theories dealing with wave formation could not be 
demonstrated readily in classroom lectures except 
with complex equipment, and to do so in college 
laboratories has heretofore required relatively expen- 
sive motor-generator sets, they said. 

With the new portable harmonic generator virtually 
any wave shape needed in a given engineering problem 
can be produced, including square waves, saw-tooth 
waves, Lissajous figures, Doppler effect, wave shapes 
across electrical impedances, resonances of circuit 
components, and many others. 


@ Sines and Cosines 


For many years the extreme difficulty of obtaining 
high-accuracy tables of sines and cosines with decimal 
subdivisions of a degree has seriously inconvenienced 
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workers in such fields as observational astronomy, 
geodesy, navigation, optical instrument design, bal- 
listics, rocket research, radar, and aircraft design. To 
meet this need, the National Bureau of Standards has 
just issued a 95-page booklet of tables and sines and 
cosines to 15 decimal places at hundredths of a degree. 
The booklet is now available from the U. 8. Government 
Printing Office. 


r Volatile Solvents 


Intermittent or occasional jobs involving the use of 
volatile solvents require as rigorous safety precautions 
as continuous operations, if substantial quantities of 
solvent or periods of time are involved. 

This was demonstrated recently in connection with 
the removal of grease from a conveyor belt. Brushes 
dipped in solvent in open buckets were used for the 
purpose and the men doing the job would have to bend 
forward to reach across the belt and thus bring their 
faces close to the surface being cleaned. About 10 to 
12 gallons of solvent were handled in this manner in a 
period of about three hours. This procedure has been 
followed many times, on an average of once every 
three or four weeks, without apparent difficulty. 

After one such session, however, when three men did 
the work, two of the men became ill. One recovered in 


about six weeks but the other died as the result of 
injury to the kidneys from the inhaled solvent vapor. 


The third man suffered no illness. 

As may be seen from this accident, absence of 
difficulties on a solvent-using job is no assurance that 
the procedure is safe. When operations are carried 
out intermittently, the effects of improper handling 
may not become evident immediately. 

If it is impractical to provide mechanical ventilation 
for intermittent operations, workers should be pro- 
tected from inhalation of the vapors by respirators 
approved for the type of solvent and the circumstances 
involved. Skin contact may be prevented by the use 
of solvent-resistant gloves, protective creams, and 
aprons. The solvent should be kept in closed contain- 
ers labeled with the necessary precautionary informa- 
tion and workers should be informed of the dangers of 
improper procedures. 


9 Thin Slices 


A General Electric Research Laboratory scientist has 
made what is believed to be the thinnest slice every 
made byman. A piece of metal less than two-millionths 
of an inch thick, was cut by a shock wave which 
formed in the sample ahead of a knife-blade moving 
with the speed of sound. Shock waves are areas of 
extremely high compression which build up in air or 
solids in front of objects moving in high speeds. 

Using a shock wave instead of a cutting edge to do 
this slicing, Dr. E. F. Fullam has been able to make 
ultrathin specimens of everything from delicate animal 


and plant tissues to teeth and metal. He said that 
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conventional microtomes, which depend upon a keen- 
edged knife for their thin cuts, cannot, according to 
theory, make slices thinner than one-half the radius 
of curvature of the blade’s edge. To make slices as 
thin as Dr. Fullam’s would call for a cutting edge with a 
radius of curvature of two-millionths of an inch. It is 
extremely doubtful that such a blade now exists, he 
said. 

His apparatus consists of a delicately balanced metal 
wheel, 33/s inches in diameter, spun at 65,000 revolu- 
tions per minute by a three-horsepower electric motor. 
projecting 1/2 inch beyond the wheel’s edge is a small 
steel blade which is driven through the air at speeds up 
to 750 miles per hour. A screw device feeds the speci- 
men, usually embedded in wax, into the path of the 
knife. 

The shock wave in the sample makes the slice before 
the blade itself can cut, and the blade’s sharpness is 
not of primary importance. In theory, slices as thin 
as those already made could be cut with a crowbar if 
the bar could be moved with sufficient accuracy and 
speed. 


ce) Blow Torch 


A new alcohol blow torch can be used for blowing 
soft glass or to bend pyrex and also to fuse silver and 
gold solders. It is also extremely useful in places 
where there are no gas outlets. 


9 Hydrogen Fluoride 


Hydrogen fluoride, a powerful acid much used in 
chemical industries, is purified more effectively and 
cheaply by a new patented process. As produced by 
the treatment of fluorspar with sulfuric acid, the crude 
hydrogen fluoride contains silicon fluoride and other 
impurities. It has been found that fluosulfonic acid, 
with the formula H,SO,F, will absorb hydrogen fluoride 
but not the impurities. Subsequent mild heating 
releases the hydrogen fluoride in pure form. 


3 Lithium Compounds 


Research quantities of lithium deuteride and lithium 
aluminum deuteride (both are white, crystalline solids) 
are now obtainable from Metal Hydrides, Inc., 12 Con- 
gress St., Beverly, Massachusetts, on orders bearing 
license from the Atomic Energy Commission. 

Lithium deuteride is insoluble in inert solvents 
except fused salts. Lithium aluminum deuteride is 
soluble in the lower ethers. 


i) Furnace 


Hevi Duty Electric Company has used a new design 
in muffle furnaces, primarily for general laboratory 
requirements and general experimental work. 

Departing from the usual rectangular shape, the new 
furnace is housed in a cylindrical shell mounted on a 


pyramidal-type base. 





ELEVENTH SUMMER CONFERENCE 


Unper the chairmanship of George D. Hearn of the 
Classical High School in Worcester, Massachusetts, the 
Eleventh Summer Conference has become a notable 
part of the history of this association. With an attend- 
ance of 220, it broke all previous attendance records, 
and it was marked by the usual high standards of good 
programs, warm friendliness, and general enjoyment of 
the cordial hospitality offered by the University of New 
Hampshire. 

Sixty-two conferees from outside New England were 
especially welcome. The following places were repre- 
sented: New York 27, Pennsylvania 11, New Jersey 8, 
Illinois 5, Maryland 3, California 2, Ohio 2, Ontario 2, 
South Carolina 1, and England 1. , 

As is always the case, each evening session was fol- 
lowed by a social hour. On the last evening colored 
movies of the Tenth Summer Conference were shown 
by Albert Walker and Grover Greenwood. Helen 
Crawley’s colored slides of other Summer Conferences 
and of the Gaspé added much to the social hour. A 
“Twenty Question” program, dealing with subjects and 
objects connected with the conference and featuring as 
panels of experts first the wives of conferees and then 
more professionally minded members of the conference, 
completed the evening’s entertainment. At the usual 


and now famous picnic the Secondary School team for 


once defeated the College team at baseball. A shore 
dinner, starring two lobsters for each participant, 
proved to be a popular innovation at this party. Only 
those who have attended a Summer Conference can 
realize that no account of the social activities can really 
do justice to the occasion which has always been 
marked by a feeling of good fellowship and the exchange 
of ideas and opinions. 

The Exhibit Committee gathered a fine collection of 
the latest textbooks from a large number of firms. A 
welcome addition to the exhibit was a large display con- 
tributed by E. R. Squibb and Sons showing the ma- 
terials used and the steps in the production of peni- 
cillin. Interesting pieces of apparatus and displays 
were exhibited by other firms. Valuable free literature 
was available for distribution. 

The conference was greatly indebted to commercial 
firms who were most generous in sending speakers to us. 
Nathan Hamilton, Administrative Assistant to the 
Director of the Research and Development Labora- 
tories of the Squibb Institute for Medical Research, 
presented the problems of research in the field of anti- 
biotics. With him came Robert J. Perchard, Profes- 
sional Service Manager, whose duty it is to arrange for 
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clinical studies investigating new drugs. Mr. Per- 
chard’s participation in the lively discussion period 
which followed Mr. Hamilton’s lecture threw much 
light on the problems introduced by the discovery of any 
new drug or antibiotic. Harold G. Vogt of the Corning 
Glass Works not only demonstrated many of the new 
developments in glass, but also showed two fine tech- 
nicolor films on the making and blowing of glass articles. 
Sterling Brackett’s description of the research work 
being carried on by the American Cyanamid Company 
in poultry diseases pointed out particularly the types of 
procedure followed and the possible implications of such 
research work in the treatment of human diseases. 
From the Chippawa, Ontario, branch of the Norton 
Company, John Tupper, Research Engineer, came to 
discuss the latest methods used in the development of 
old and new abrasives. Harold Narcus, President and 
Technical Director of the Electrochemical Industries in 
Leominster, Massachusetts, described methods used in 
metallizing nonconductive surfaces. In addition to 
giving much information about this new process, Mr. 
Narcus brought with him a generous supply metal- 
lized samples which provided more than one lady pres- 
ent with a set of decorative buttons. Sewall Richard- 
son from the General Electric Company in Lynn, dis- 
cussed Turbo-Jets, and exhibited a colored film showing 
Turbo-Jet planes in flight and animated diagrams ex- 
plaining the theory of jet propulsion. At the closing 
session of the conference, Douglas Nicholson gave an 
illustrated lecture on the Fisher Collection of Alchemi- 
cal and Historical Pictures. Mr. Nicholson is Uni- 
versity Consultant for the Fisher Scientific Company. 
He spent the entire week at the conference, and his 
enthusiastic participation in all its activities contributed 
greatly to its success. We are glad that he was happily 
impressed and has decided to join our membership. 
Speakers from the academic field presented a variety 
of topics. Rev. Eugene A. Gisel, S.J., head of the De- 
partment of Chemistry at Fordham University, gave an 
account of the various devices used to overcome 
shortages and develop substitutes during the Japanese 
occupation of Manila. James G. Conklin, State Enty- 
mologist and Head of the Department of Entymology 
at the University of New Hampshire, discussed various 
of the new insecticides, pointing out both the advan- 
tages and disadvantages in their use. Ernst Hauser, 
Professor of Colloidal Chemistry at the Massachusetts 
Institute of Technology, discussed the necessity of more 
accurate presentation of colloidal chemistry both in the 
high schools and colleges. With him he brought equip- 
ment with which he demonstrated some of the latest 
projection techniques. John Rushton, Director of the 
Department of Chemical Engineering at the Illinois 
Institute of Technology, gave a fascinating account of 
the methods used in the large-scale production of 
oxygen. Once again the Association is indebted to 
John Timm. His stimulating and delightful Transmu- 
tation Workshop clarified many points and was an in- 
spiring example of what good teaching can be. William 
Rieman III, of Rutgers University made a particularly 
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valuable contribution by his very clear presentation of 
the “Application of Ion Exchange to Analytical Chem- 
istry.”” At an evening meeting Hugh Muldoon, Editor 
of The Science Counselor, urged with great force more 
careful educational training for chemistry teachers. 

The Association was especially honored when Sum- 
ner T. Pike, United States Atomic Energy Commis- 
sioner, spoke on Friday afternoon. In addition to im- 
parting much information as he spoke on the role of 
chemistry in the development of atomic energy, Mr. 
Pike left his audience with a feeling of reassurance. His 
ready wit and his delightful common sense attitude 
made his audience feel that the great problems set by 
the atom bomb are in good hands. The opportunity 
of seeing and handling a piece of uranium provided many 
the chemist’s equivalent of a thrill. 

Of particular interest to all members will be the dis- 
cussion of the Minimum Syllabus for a One-Year 
Course for College Preparatory Chemistry submitted 
by the Committee on Chemical Education. Presented 
on Thursday afternoon by John Hogg, Chairman, the 
syllabus provoked vigorous discussion. The general 
feeling seemed to be that, while the content of the 
syllabus was acceptable, the document needed further 
editing before it would be ready for publication. At the 
business meeting on Friday morning, the President was 
empowered to appoint three such editors. The com- 
pleted syllabus should appear in an early issue of this 
Report. 


& Minutes of the Business Meeting, August 26, 1949 


The business meeting, which was adjourned, sine 
die, on May 7, 1949, was reopened by the President at 
11:25 a.m. on August 26, 1949. 

The reading of the report of the Secretary was 
waived. ‘ 

The Treasurer presented the following abbreviated 
report: 


Balance on hand, July 1, 1948 
Income received, 1948-1949 


$ 950.38 
1829.26 
$2779. 64 
1998 .37 


Expenditures 1948-1949 
$ 781.27 


Balance on hand, August 15, 1949, 


Audited and found correct, 
S. Water Hoyt, Treasurer 


Upon motion, this report was accepted. 

The President announced the appointment of Alfred 
Lincoln as Chairman of the Twelfth Summer Confer- 
ence. The probable meeting place is the University of 
Connecticut. 

The Membership Committee made the following 
report: 


Total membership, June 30, 1949 470 
New members added up to time of 

Summer Conference 3 
New members added at Summer 


Conference 29 


Resignations 1 
Total membership, August 26, 1949 
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These figures are, however, deceptive since the Asso- 
ciation can expect between 20 and 30 resignations at the 
time that the bills for dues are sent out. The following 
are new members admitted: 


Before the Conference 

W. Glen Tilbury, Chemistry Teacher 
Champaign Senior High School 
Champaign, Illinois 

Samuel J. Cohen, Chemistry Teacher 
Rindge Technical School 
Cambridge, Massachusetts 

Dr. Helen A. Pratt, Teacher 
English High School 
Lynn, Massachusetts 


Admitted at the Summer Conference: 
David W. Anderson, Head of the Science Department 
Manchester Central High School 
Manchester, New Hampshire 
Guy F. Burrill, Teacher 
Keene High School 
Keene, New Hampshire 
Gerhard H. Coler, Instructor in Chemistry 
Bullard-Havens Technical School 
Bridgeport, Connecticut 
Angelica Courniotes, Assistant in Chemistry 
Western Massachusetts School of Pharmacy 
Springfield, Massachusetts 
Martha Dunbar, Teacher of Chemistry 
Nasson College 
Springvale, Maine 
Edward R. Frude, Vice-Principal and Head of the Science 
Department 
Arms Academy 
Shelburne Falls, Massachusetts 
Richard F. Graham, Science Teacher 
Delevan Central School 
Franklinville, New York 
William C. Haddad, Instructor 
Commerce High School 
Worcester, Massachusetts 
Eileen P. McGrath, Assistant in Science 
Lincoln School 
Providence, Rhode Island 
Dr. Clara E. Miller, Associate Professor of Chemistry 
Margaret Morrison Carnegie College, Carnegie Institute of 
Technology 
Pittsburgh, Pennsylvania 
Dr. Douglas G. Nicholson, University Consultant 
Fisher Scientific Company 
Pittsburgh, Pennsylvania 
Anne P. O’Donnell, Chemistry Teacher 
Salem High School 
Salem, New Jersey 
Myron L. Rice, College Traveler 
American Book Company 
Sister M. Jude, O.P., Instructor in Science 
St. Thomas the Apostle High School 
Chicago, Illinois 
Fred S. Sowers, Chairman of the Science Department 
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Torrington High School 
Torrington, Connecticut 

Erich A. O’D. Taylor, Head of the Chemistry Depa:tment 
Portsmouth Priory School 
Portsmouth, Rhode Island 

William K. Viertel, Instructor in Industrial Chemistry 
New York State Agricultural and Technical Institute 
Canton, New York 

Hubert M. Vining, Science Instructor 
Viewpoint School 
Amenia, New York 

Louis A. Wendelstein, Head of the Science Department 
Everett High School 
Everett, Massachusetts 

Dr. Gordon P. Whitcomb, College Relations Representative 
American Cyanamid Company 
New York City ges? 

Hollie L. Whittemore, Chemistry Teacher 
Manchester Central High School 
Manchester, New Hampshire 

Robert W. Wilson, Student 
Holyoke Junior College 
Holyoke, Massachusetts 


For the remaining seven members admitted at this 
time, accurate academic information is not yet avail- 
able. Their names and official positions will be printed 
in an early issue of the Report. Upon motion, it was 
voted that this report be accepted. 

Upon motion, it was voted that the report of the 
syllabus committee be accepted with thanks for their 
invaluable services. 

After considerable discussion of the syllabus as sub- 
mitted the following motions were passed: 


(1) That the content of Part I of the syllabus be accepted. 

(2) That the content of Part II of the syllabus be accepted. 

(3) That the content of Part III of the syllabus be accepted. 

(4) That the preamble to the syllabus be revised, and that 
the President be empowered to appoint an editorial 
board of three, one of whom is to be John Hogg, to edit 
the syllabus and to prepare a suitable preamble. 

(5) That the editorial board so appointed shall have the power 
to publish the revised syllabus without further approval 
by the Association. 


Upon motion it was voted that the Secretary be in- 
structed to express to Dr. Iddles and to the University 
of New Hampshire the gratitude of the Association for 
the gracious hospitality shown on this occasion. 

Upon motion it was voted that this Association 
wishes to express to the Eleventh Summer Conference 
Committee and especially to its Chairman, George 
Hearn, the deep gratitude of the conferees for the ex- 
cellent program and the thoughtful arrangements which 
have made this an outstanding conference. 

The meeting was adjourned at 12:15 p.m. 
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ENGINEERING EDUCATION COURSE 


To the Editor: 

It is generous of you to have written me as you did! 
regarding the course which I have been giving in engi- 
neering education toteachers. Itis true that Ihave given 
such a course for about 28 years. I usually have each 
semester anywhere from 10 to 15 full-time teachers. In 
most cases they are individuals who are working for their 
masters or doctors degrees, although last semester I had 
three people who had their doctorates and took my 
course without credit. In this course I endeavor to give 
my colleagues an appreciation of the philosophy behind 
scientific and engineering education. I also endeavor 
to acquaint them with the problems which confront 
higher educational institutions and particularly those 
under state control. 

The meetings are usually very informal. I assign 
certain projects which involve considerable library 
work and the review of reports which are turned over to 
them. Last semester I met that class one evening a 

1 The Editor had heard indirectly of this course at Purdue 


University and wrote Dr. Potter asking him to describe it 
for readers of Tu1s JOURNAL. 





week from 7:00 to 10:30, quite oftento 11:30 or even 
midnight. 
Briefly the following topics are covered: 


Aims of higher education. 

Factors differentiating general, professional, and specialized 
education. 

Objectives of graduate instruction leading to the masters and 
doctors candidates. 

Factors which have influenced American engineering education. 

Comparative advantages of unified professional programs of 
study as are common in the engineering colleges and divided pro- 
grams as are the practice in connection with the professional 
schools, 

Advantages and disadvantages of a four- versus a five-year 
undergraduate engineering program of study. 

Advantages and disadvantages of cooperative plan of study. 

The place of the technical institute, and its relationship to trade 
schools, junior colleges, community colleges, and engineering 
colleges. 

Students analyze curricula on the graduate and undergraduate 
levels of a number of institutions. 


Student mortality, testing, objective tests, entrance 
requirements, and course prerequisites are also given 
consideration. 

I also devote considerable time to an analysis of the 
factors which contribute to good teaching and I try 
to develop an appreciation of the philosophy which 
should dominate all types of higher education, the 
interest of developing individuals who feel most for 
their fellow man and who act noblest in their dealings 
with others. 

This particular course is of benefit to me in that I 
have an opportunity to become acquainted with the 
young teachers who are the professors of tomorrow. 


A. A. Potrer 


PurpDvE UNIVERsITY, 
LAFAYETTE, INDIANA 


Recent Saale 


c) AQUAMETRY. APPLICATION OF THE KARL FIS- 
CHER REAGENT TO QUANTITATIVE ANALYSIS 
INVOLVING WATER. VOL. V. 


John Mitchell, Jr., and Donald Milton Smith, Ammonia De- 
partment, E. I. du Pont de Nemours and Co., Inc. Interscience 
Publishers, Inc., 1948. xi+444pp. 5lfigs. 143 tables. 23.5 
xX 16cm. $8. 


“AQUAMETRY” represents the first attempt to bring to chemists 
a thorough review of the various uses of the Karl Fischer reagent. 
The authors have succeeded admirably in providing a critical 
survey of the many analytical applications of this important tool. 
They have included comprehensive discussions of the varied 
techniques applicable in its use together with the necessary 
background material concerning the nature of the reagent and 
its reactions. 

For those not already familiar with the Karl Fischer reagent 
it might be pertinent to point out that its use is by no means re- 
stricted to the direct determination of water; very important 
applications occur in the determination of functional groups of 
organic compounds, snd many analytical procedures employing 


Kar] Fischer reagent have been developed utilizing reactions 
in which water is either evolved or absorbed. 

The book is well written and admirably free from errors. 
That the book can be used with confidence is attested to by noting 
that the authors have made approximately 600 contributions to 
the development of Kar! Fischer reagent. 


PHILIP W. WEST 
Lovurstana StaTE UNIVERSITY 
Baton Rovas, Lovistana 


a AN INTRODUCTION TO TEXTILE BLEACHING 
J. T. Marsh, John Wiley and Sons, Inc., New York, 1948. xiii + 
512 pages. 154 figs. 14.5 XK 22 cm. 


Tuts text, written by a well-known British textile author, is 
“concerned with the occurrence and properties of the various 
textile fibres and the methods adopted for their purification.” 
The Book is divided into six parts: The Textile Fibres; Wetting 
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and Detergency; Scouring and Bleaching of the Cellulosic 
Fibres; Scouring and Bleaching of Animal Fibres; The Drying 
of Textiles; Tests for Damage. There is a short appendix and 
also a bibliography of bleaching. Both name and subject in- 
dexes are also provided. The book is well illustrated with 154 
figures and 32 plates. The cellulose fibers including the rayons 
and their underlying chemistry are most thoroughly discussed. 
Wool and silk also appear to be adequately treated. Of the newer 
completely synthetic fibers only vinyon and nylon receive any 
attention. Subjects such as water softening, alkalies, soaps, 
wetting agents, detergency, singeing, and desizing receive brief 
treatments. Scouring, kiers and kiering, and the various bleach- 
ing processes for cellulosic fibers are carefully considered. The 
author’s skepticism (page 287) about the permanence of the 
white obtained by continuous peroxide bleaching processes ap- 
pears to this reviewer to be hardly justified in view of the general 
satisfaction with which such processes are now operated in this 
country. The scouring and bleaching of silk and wool and then 
drying machines are discussed. Physical and chemical finishes 
are not treated, since the author hopes to present them in a subse- 
quent volume. Finally, detailed procedure is given for evaluat- 
ing physical and chemical damage suffered by cellulosic and pro- 
tein fibers. The book contains numerous references to the origi- 
nal literature prior to 1945, and these references greatly increase 
the value of the text. 

The author states that, ‘the chief aim of the present book is to 
help the younger technologists, particularly those just entering 
the textile industry,”’ and the reviewer feels that this aim is ad- 
mirably achieved and that in addition many others in the textile 
field will find much useful information in this book. 


W. W. RUSSELL 
Brown UNIVERSITY 
PROVIDENCE, RHODE ISLAND 


& CHEMISTRY AND USES OF INSECTICIDES 


E. R. de Ong, Consulting Entomologist, Albany, California. 
Reinhold Publishing Corporation, New York, 1948. viii + 345 
pp. l8figs. 64tables. 15 X 22.5cm. $6. 


Tus should be a very useful reference book for anyone en- 
gaged in the manufacture, distribution, or use of insecticides. 
Although not written for that express purpose, the book might 
well serve as a primary or supplementary text for college courses 
concerned with the subject of economic poisons. 

The organization of the book is based upon the chemical nature 
of the materials except that a separate chapter deals with those 
substances used as fumigants. The addition of a chapter on 
“Heat, cold and radiation as insecticides’ contributes consider- 
ably to the value of the book. 

In the discussion of individual insecticides considerably more 
attention is devoted to the application of the material for control 
of insects against which it is effective than is devoted to the 
chemistry of the material. In most cases, the chemical nature of 
the material is dismissed by stating its chemical formula or com- 
position. In very few cases are the chemical reactions by which 
the material is prepared discussed. To this reviewer the book 
would have been far more valuable had the author discussed the 
preparation of the materials in place of preseating long tables of 
production, export, and import data. 

The sections dealing with inorganic insecticides are rather com- 
plete, but the one chapter devoted to the synthetic organic in- 
secticides was somewhat disappointing. As is the usual case, 
about one-third of this chapter is devoted to a thorough discus- 
sion of DDT so that little space is left to devote much attention 
to some of the other organics, such as benzene hexachloride, 
chlordane, hexaethyl tetraphosphate, etc., which have received 
considerable attention in the literature of the past few years. 
Considering the importance which the organic insecticides are 
assuming and the tremendous activity in the development of new 
organics there is good reason to feel that more space and attention 
should have been devoted to this subject. 
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In the appendixes the author has mad¢ a valuable contribution 
by inclusion of a “Dictionary of insecticides’ which should be ex- 
tremely useful and a summary of “Legal requirements covering 
the manufacture and sale of insecticides and fungicides” which 
gives a valuable guide to Interstate Commerce Commission and 
Post Office Department regulations covering the shipment of 
insecticides. Also included is a glossary, a section giving official 
antidotes for common poisons, a list of A.S.T.M. standards re- 
lating to the field, and other miscellaneous tables. 

Another valuable contribution, particularly to the research 
workers in the field of economic poisons, is the extensive bibliog- 
raphy appended to each chapter. Over 1000 references to the 
literature are given. 

The reviewer noted a few errors in nomenclature, etc., such as 
the use of ‘‘acetic acid’’ to indicate discussion of a complex diester 
of the acid, dichlorobenzene to indicate the para isomer, the in- 
correct name o-paradichlorobenzene for the ortho isomer, and the 
statement that benzyl benzoate is also known as benzoic acid. 

As a reference book covering the application of different chemi- 
cal compounds to the control of insects this is a well-written and 
valuable contribution. It is not a book on chemistry but to the 
chemist it will serve a useful purpose through the extensive bib- 
liography and possibly by indicating the direction of future re- 
search. 


JAMES F. MILLER 
MELLON INstiTUT# OF INDUSTRIAL RESEARCH 
PitrsBURGH, PENNSYLVANIA 


6 A LABORATORY COURSE FOR PAULING’S GENERAL 
CHEMISTRY 


Lloyd E. Malm, Professor of Chemistry, University of Utah, Salt 
Lake City, Utah, and Harper W. Frantz, Professor of Chemistry, 
Pasadena City College, Pasadena, California. W. H. Freeman 
and Company, San Francisco, California, 1948. xv + 178 pp. 
69figs. 16tables. 21 X 27cm. $2.50 


Among laboratory manuals, this will be as unusual and un- 
conventional as is the textbook which it is intended to accom- 
pany, Pauling’s ‘General Chemistry.”’ It is unusual not only 
in the choice of material covered (which is largely dependent upon 
the content of the textbook, of course) but also in the amount 
of general theoretical discussion, and the illustrations (in the 
style of those in the textbook). 

The exercises concern general principles for the most part. 
The last half of the manual deals with qualitative analysis but 
not in a systematic or conventional manner. Anyone engaged 
in teaching general chemistry will find new ideas in this manual. 


® QUANTITATIVE ANALYSIS 


Willis Conway Pierce, Professor of Chemistry, Pomona College, 
Claremont, California, and Edward Lauth Haenisch, Profes- 
sor of Chemistry, Villanova College, Villanova, Pennsylvania. 
Third edition. John Wiley and Sons, Inc., New York, 1948. 
xiv + 520 pp. 36figs. 43tables. 15 X 23.5cm. $3.75. 


Ir 1s now about a year since the appearance of this third edi- 
tion of Pierce and Haenisch’s well-known text, and I think general 
experience has shown that most of the changes made are improve- 
ments of the second edition. The division into four parts has 
been retained, and the chapter headings are much the same, but 
the many changes made have involved an almost complete re- 
writing of the book. The chapter on theoretical aspects of pre- 
cipitation has been expanded into three chapters. All the theo- 
retical sections are arranged so that more difficult parts of the 
discussion can be postponed or omitted if necessary. The chap- 
ter on colorimetry is omitted, and several changes in laboratory 
practice are introduced. The clear, readable style of the earlier 
editions is still in evidence, and many more questions and prob- 
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lems have been introduced. The electrochemical conventions 
have been changed. This reviewer feels that the use of phos- 
phoric acid in titrating iron with dichromate and diphenylamine 
sulfonate is insufficiently explained. 


NORRIS F. HALL 
UNIVERSITY OF WISCONSIN 
Map1son, WISCONSIN 


® INORGANIC PROCESS INDUSTRIES 


Kenneth A. Kobe, Professor of Chemical Engineering, Univer- 
sity of Texas, Austin, Texas. The Macmillan Co., New York, 
1948. vii + 37l pp. 99 figs. 38tables. 16 X 24cm. $6. 


Tuis excellent book supplies another link in the rapidly ex- 
panding American literature covering chemical industries and 
chemical engineering. While Professor Kobe has written this 
book primarily for his students, yet out of his industrial experi- 
ence and teaching skill the author has collected together for the 
selected industries an unusual amount of useful data both for 
students and for practicing chemical engineers. The basic gen- 
eral principles are well treated in the text and the ‘“Recom- 
mended readings” are full and up to date. 

As the title indicates, this text is confined to the inorganic 
process industries. The United States, with its wealth of natu- 
ral deposits of sodium chloride, potassium salts, sulfur, and 
phosphates, has offered a fine field for exploitation of these com- 
pounds and their derivatives into the industrial field. The au- 
thor has presented these very well and in such a critical manner 
that his text is unusually useful to teachers, students, and indus- 
try. The compounds of nitrogen under the chapter heading of 
“Nitrogen Products” are—like the other chapters—thoroughly 
up to date and illustrated with sufficient diagrams to be very 
clearly presented. 

For the teacher the division in each chapter entitled ‘Student 
Exercises” will be a real help to stimulate and direct student con- 
sideration and learning of the text. 

In the reviewer’s opinion some of the outstanding characteris- 
tics of this book are: 


1. The excellent coverage of the basic chemical changes for 
the various chemical processes chosen. 

2. The intimate correlation of such chemical changes with 
the necessary equipment as depicted in the diagrams or 
outlined in the various flow sheets. 

3. The commercial viewpoint built upon the basic chemical 
foundation. This is illustrated in such items as statistics 
and in the studies of the relative economics of the various 
processes. 

4, The separate sections under which materials of construc- 
tion are discussed. 


Finally the publishers are to be commended for the excellent 
paper, clear typography, serviceable binding, and well-reproduced 
figures. 

B. NORRIS SHREVE 

PurpvE UNIVERSITY 

LAFAYETTE, INDIANA 


a LEBENSPROBLEM UND KATALYSE, FORSCHUNG 
UND HUMANITAT, BD. I 
Alwin Mittasch, Member of the Deutschen Akademie der 


Naturforscher in Halle und der Heidelberger Akademie der 
Wissenschaftern. Edited by Hermann Schiller. J. Ebner- 


Verlag, Ulm/Donau, 1947. 150 pp. Sfigs. 14 K 20cm. 


TuE first 13 pages, written by Schiiller, introduce the topic 
by tracing briefly and often somewhat naively the history of 
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catalysis. In the next 47 pages Mittasch presents a condensed 
account of catalytic processes in organisms emphasizing their 
widespread distribution and supreme importance. After defining 
catalysis, he states that in living organisms a certain limitation 
exists since, in contrast to laboratory chemistry, only a few 
chemical elements serve to build up biocatalysts, this limitation 
being compensated by the use of the versatile carbon atom. He 
then shows the catalyst nature of enzymes, hormones, and vita- 
mins, the last two groups being placed only with some reservation 
among the catalysts. There is still less certainty concerning the 
status of many other physiologically active substances, such as 
organisators during embryonic development, genes, viruses, and 
so on, although some of them show at least distinct similarities 
to true catalysts. Mittasch’s treatment of the subject to some 
extent more philosophical than biochemical, is clearly not written 
primarily for a scientific audience but for the educated general 
public which it will introduce adequately into a complicated 
field. The last 78 pages contain reprints or translations of ar- 
ticles or orations by Berzelius, Robert Mayer, Ostwald, Saba- 
tier, and Alexander which show vividly some developmental 
phases of the catalysis idea from 1836 to 1946. The book has 
an author index, but no subject index. A brief list of general 
references for background reading is attached; a relatively small 
number of specialized literature is quoted in connection with the 
text. 


THEODOR VON BRAND 
NATIONAL INsTITUTE OF HEALTH 
BretrHespAa, MARYLAND 


% TREATISE ON POWDER METALLURGY, VOL. I— 
TECHNOLOGY OF METAL POWDERS AND THEIR 
PRODUCTS 


Claus G. Goetzel, Vice-President and Director of Research, Sin- 
tercast Corporation of America, New York; Adjunct Professor of 
Chemical Engineering, New York University. Interscience Pub- 
lishers, Inc., New York, 1949. xxvii + 778 pp. 300 figs. 82 
tables. 15.5 X 23.5cm. $15. 


TuE publication of this three-volume treatise is testimony of 
the importance of the rapidly growing field of powder metallurgy. 
While the techniques of powder metallurgy, like those of the 
similar field of ceramics, have a recorded history extending over 
a period of 5000 years, they have only recently been adopted by 
manufacturers for production of cheap, commonplace metallic 
objects. Fundamentally, powder metallurgy is an art that 
differs from ceramics only in minor details, the chief one being 
that it deals with metallic powders rather than nonmetallic. 
One German book on the subject bears the title, ““Metallkeramik”’ 
an apt selection. The differences between the two arts and the 
growing scientific knowledge of the behavior of metallic powders 
warrant the publication of this definitive treatise by Dr. Goetzel. 

The general public is not yet aware of the extent to which 
powder metallurgy has entered their daily lives. Each day in 
the United States, 30 to 40 tons of iron powder are used in making 
such items as casters, bearings, oil pump gears, wheels for toy 
electric trains, parts for vacuum cleaners, and countless other 
small structural parts. A similar industry is based on the use 
of,brass and bronze powders. Cemented carbide tools have con- 
tributed vastly to the war effort and the industrial advances in 
the postwar era. Most GI’s do not realize that their Victory 
Metals were probably made by sintering a pressed bronze powder 
compact. It is reported that some automobiles contain as many 
as 300 sintered metallic parts. Many of the less familiar ele- 
ments, like tungsten and molybdenum, are still largely fabri- 
cated from powders, and the recent spurt of interest in ductile, 
metallic titanium stems from its successful fabrication by the 
Bureau of Mines from pure Ti powder into sheets and rods. 

The present treatise, of which only Volume One has yet been 
published, is an encyclopedic treatment of powder metallurgy. 
Volume One is a general survey that might well serve as a text- 





624 


book for a course on the subject. It reviews the history, defines 
terms, and discusses the general principles involved. Following 
these introductory sections are chapters describing methods of 
powder production, characteristics of powders and methods of 
determining them, processing variables, and properties of typical 
products. At the present time, only a few technical schools 
present courses on powder metallurgy and the growing industry 
finds it necessary to train its personnel on the job. The publica- 
tion of this treatise should stimulate departments of metallurgy 
to introduce courses and research programs on the subject, since 
there no longer is the previously valid excuse of the lack of an 
adequate source book or text. 

Powder metallurgy techniques serve as an extremely valuable 
tool for the research chemist and metallurgist who wishes to 
prepare small metallic specimens or mixtures of metals and re- 
fractory compounds, such as are currently being investigated so 
vigorously. Introduction of radioisotope tracers into metals is 
facilitated by powder metallurgical methods. Research prob- 
lems concerned with diffusion in metals are made amenable to 
attack. Contrariwise, a tremendous amount of research in the 
field of powder metallurgy itself remains to be done to put it on 
a really scientific footing. Dr. Goetzel’s book will be invaluable 
in such pursuits. 

It is a pleasure to be able to recommend this first volume 
wholeheartedly with the expectations that the subsequent two 
volumes will maintain the same high standards. No scientific 
reference library can afford to deny this compendium a place on 
its shelves. In spite of the high price, one can anticipate that it 
will also receive wide recognition as a text. 


LAURENCE §, FOSTER 
BELMONT, MASSACHUSETTS 


ae THE EARLY WORK OF WILLARD GIBBS IN AP- 
PLIED MECHANICS 


Assembled by Lynde Phelps Wheeler, Everett Oyler Waters, 
and Samuel William Dudley. Issued in connection with the 
Centennial Anniversary of the Sheffield Scientific School, Yale 
University. Henry Schuman, Inc., New York, 1947. vii +78 pp. 
30 figs. 16 X 24cm. $3. 


Tuis little volume is a valuable addition to the scanty literature 
relating to the greatest scientist that this country has produced. 
In addition to the thesis which stems from the years 1858 to 1863, 
there is a brief commentary on the air brake patent, which origi- 
nated during the years 1863 and 1866, and another commentary 
on a model of a governor for a steam engine. The last-named 
device probably was designed and constructed between 1869 and 
1873. 

It is apparent that the subjects with which Gibbs busied him- 
self in his earlier years were of great technical importance. 
Gears were used extensively at the time for the transmission of 
power, the braking of railway cars was one of the most important 
problems in the transportation industry and the efficient opera- 
tion of steam engines was vital in the development of all industry. 
It is in these early works of Gibbs that we must look for the clue 
that will shed light on the origin of Gibbs’ later monumental 
works, : 

There is nothing to indicate that Gibbs interested himself. in 
thermodynamics prior to his return from Europe in 1869 and his 
interests, on his return, seem to have lain in the fields of electro- 
magnetics and optics. Yet four years later, in 1873, he began 
the publication of his papers on thermodynamics and four years 
later, in 1878, he had completed the publication of his great work 
on “The Equilibrium of Heterogeneous Substances.” 

How came Gibbs to be interested in thermodynamics? If we 
may venture a conjecture, Gibbs like other engineers before him, 
became interested in thermodynamics through a study of the 
problem of the efficiency of steam engines. This would quickly 
have led him to the work of Clausius and the principles which 
he had enunciated. It is of interest to note that these principles 
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are quoted at the head of the first paper on heterogeneous equilib- 
ria, published in October, 1875. In interpreting Gibbs we must 
not lose sight of his engineering training and his active interest 
in engineering problems in his earlier years. 


Cc. A. KRAUS 
Brown UNIVERSITY 
ProvipENcE, Rope Isianp 
& ELASTOMERS AND PLASTOMERS: THEIR CHEM. 


ISTRY, PHYSICS AND TECHNOLOGY. VOL. II. 


R. Houwink, Editor, External Lecturer in the Technical University 
at Delft, Netherlands. Elsevier Publishing Co., Inc., 1948. 174 
pp. 48 figs. 36tables. 18 X 26cm. $4.50. 


Tuts book is the third sectional volume of major volume No. 3 
in a Polymer Series of eight, and is the first one of the three to 
be published. It is an international undertaking, three of the 
authors being in the Netherlands, one in Switzerland and one in 
this country. It is written entirely in English. If the portions 
by foreign authors were translated, the translations in general 
are well done. English spelling in some chapters is noticeable 
in such words as “‘colour,’’ “behaviour,” and “‘plasticiser.”’ 

The book is composed of four parts, namely, Methods of Test- 
ing, The Chemical Analysis of Polymers, Properties of Elastom- 
ers, and Properties of Plastomers. The first two are descriptive 
and the last two consist entirely of tables. All commercial types 
are included and the discussions of tests, tabulation of properties, 
and references are adequate. 

The descriptive text contains many graphs, tables, and photo- 
graphs, which add much to the value and understanding of the 
methods. The two chapters of tables of properties of elastomers 
and plastomers constitute almost one-third of the entire book. 
The data are very considerable, well placed and easy to find. 

The large size of the pages is of advantage for the tables of 
analysis and properties. Typographical errors are very few. On 
page 75, ‘‘xylidene” should be ‘‘xylidine.” 

Anyone interested in these matters will find a great deal of 
desirable information in this book. 

y 


HARRY L. FISHER 
U. 8. Inpustriat CHeEmIcaLs, Inc. 
BALTIMORE, MARYLAND 


@ TOXIC EYE HAZARDS 


The Joint Committee on Industrial Ophthalmology of the 
American Medical Association and the American Academy 
of Ophthalmology and Otolaryngology. Publication 494 of 
the National Society for the Prevention of Blindness, Inc., 1790 
Broadway, New York, 1949. viii + 94 pp. 10 figs. 5 tables. 
15 X 23cm. $l. 


Tuts manual, which might be subtitled ‘“‘Prevention, Effects 
and Treatment of Substances on the Eyes,” is a ready reference 
to the highly complex subject of eye injuries caused by chemicals. 
Part I deals with standards and tests for eye protection equip- 
ment; Part II outlines a well-organized eye protection program 
for chemical plants. Emergency and first aid proceedings in 
chemical eye injuries are treated in another section. 

The most valuable parts of the manual are the tables listing 
286 organic, 53 inorganic, and 50 miscellaneous compounds and 
materials, with the specific symptoms and effects when these 
substances enter the eye. Unfortunately, these listings are not 
entirely complete where synonyms are involved; for example, 
“ether” is listed simply as ‘‘ether,” and ‘ethyl alcohol’’ does not 
include the commonly used terms “ethanol” and “grain alcohol.” 
Hydrogen fluoride and hydrogen chloride are both treated in de- 
tail, but reference to their corresponding acids by name are lack- 
ing. It is not safe to assume everyone who will use this book 
will immediately make cross connections of this type. Over six 
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pages are devoted to detergents by trade name, chemical com- 
pound present, and manufacturer, but other eye-irritating cleaners 
such as Sani-Flush and Thesco Organic Cleaner, which are acidic 
in character, are omitted. The bibliography is excellently done. 
The lack of an index to the chemicals listed makes some searching 
necessary in locating material. 

In general, this manual is a valuable addition to chemical edu- 
cation and accident prevention literature and deserves wide cir- 
culation. 


H. H. FAWCETT 


GENERAL ELEctric COMPANY 
ScHENECTADY, New YorE 


# FARMER'S JOY 


John Read, Professor of Chemistry, University of St. Andrews, 
Scotland. Thomas Nelson and Sons, Ltd., Edinburgh, Scotland, 
1949. ix + 274 pp. Illustrated by Drake Brookshaw. 12.5 
19cm. 12/6d. net. 


Joun Reap, versatile British chemist, teacher, historian, and 
writer has again shown in “‘Farmer’s Joy’’ that there is no need 
for men of science to be narrow unto their own field alone. This 
little book is a charming collection of rustic sketches of Wessex 
life, written in the quaint dialect of West Country, the land of 
Read’s own childhood. Through the central character, Farmer 
Wookey, the ‘‘old customs, local habits, quaint folk songs. . .past 
and present are knitted together, interweaving old stories that 
have been handed down in the land of Wessex from generation +o 
generation.” ‘‘Farmer’s Joy,” as other works before it, sub- 
stantiates thoroughly Read’s belief “that there is no mutually 
exclusive antagonism between arts and sciences, rather they 
complement each other... .” 


DANA JOHNSON 


JOURNAL OF CHEMICAL EpucaTION 
La JOLLA, CALIFORNIA 


S THE PLANT ALKALOIDS 


Thomas Anderson Henry, Formerly Director of Wellcome 
Chemical Research Laboratories, Imperial Institute, London. The 
Blakiston Company, Philadelphia, 1949. Fourth edition. xxiii 
+804 pp. 16 X 24cm. $14. 


TuHE appearance of a fourth edition of Henry’s “Alkaloids” 
will be welcomed both by organic chemists and by biochemists 
concerned with substances of plant origin. Only ten years have 
passed since the third edition of this standard work appeared, 
but so much information on the alkaloids has accumulated that 
a large part of the book has of necessity been rewritten. 

The general plan of previous editions has been retained but 
modifications of the primary chemical classification have been 
introduced where advances in knowledge have made this desir- 
able. Many newly discovered alkaloids have been recorded and 
special attention has been given to the numerous surveys of 
widely diversified plant species for their alkaloidal content. 

Considerable space is devoted to the biogenesis of alkaloids 
and current views have been brought together and set forth.. The 
evidence for chemical structure is carefully and critically analyzed 
and, as in earlier editions, physical and chemical properties, 
methods for detection and determination are detailed together 
with comments on pharmacological action where known. 

Structure formulas which illustrate relationships and reactions 
occur frequently, these being cuts prepared from typescript of 
unysual legibility and skill. Numerous tables of data have also 
been added. ‘ 

The references at the end of each section have, unfortunately, 
been printed in solid blocks and without the benefit of a typo- 
graphical device to make segregation of the individual reference 
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easy. This is a defect, but the style was probably necessitated 
by limitations of space; there are literally thousands of refer- 
ences given. 

The typography is excellent and proof reading has obviously 
been most thorough. The book is a credit.to both the author 
and his assistants as well as to the publishers. 


H. B. VICKERY 
Connecticut AGRICULTURAL ExpERIMENT STATION 
New Haven, Connecticut 


3 RADIOACTIVE MEASUREMENTS WITH NUCLEAR 
EMULSIONS 


Herman Yagoda, Senior Physical Chemist, National Institutes 
of Health, Bethesda, Maryland. John Wiley & Sons, Inc., New 
York, 1949. ix +356 pp. 3ltables. 75figs. 14 X 22cm. $5. 


As TBE author of many papers on the use of photographic 
emulsions in the study and application of radioactivity and nu- 
clear radiations, Dr. Yagoda is eminently qualified to write this 
book, which is the first detailed account of the subject to appear. 

The book is an excellent reference source of the methodology 
of emulsion use in radioactivity measurements and gives detailed 
working procedures for many of the applications which are dis- 
cussed. Brief theoretical explanations, mainly nonmathematical, 
are presented of the fundamental mechanisms involved in nu¢lear 
emulsion techniques, so that intelligent use of the methods may 
be made by the reader. Many chemists who are not already 
familiar with the field and who have neglected nuclear emulsions 
with a shrug of the shoulders may be pleasantly surprised to 
learn from this book that photographic emulsions have uses in 
radioisotope chemistry other than the much-publicized auto- 
radiographic techniques for localization of radioactive substances 
in crystals, tissues, and other experimental materials. However, 
the biochemist and metallurgical chemist will probably find the 
discussions of the autoradiographic localization methods of great- 
est practical interest. 

Chapter 1, ‘(Photographic Detection of Nuclear Radiations,”’ 
is a 26-page account of photochemical and ionic reactions of 
emulsions and the autoradiographic mechanism. This chapter 
alone is worth the price of the book to anyone planning to use 
nuclear emulsion techniques, inasmuch as the various interfer- 
ences and pseudophotographic effects, such as photographic 
blackening brought about by traces of hydrogen peroxide, the 
presence of luminescent substances, and excessive pressure be- 
tween sample and emulsion, are clearly described in a practical 
way. Chapter 2, ‘Comparison of Scintillation and Photographic 
Methods,” gives a 10-page description of the scintillation method, 
including the recent development of electronic scintillation 
counters and of certain crystalline solids as ionization media 
for conductivity pulses induced by nucleay radiations. Chapter 
3, “Laboratory Manipulations,” allots 36 pages to such techniques 
as the preparation of plane surfaces and thin films, the exposure 
and processing of emulsions, and microscopy of radiographic 
patterns, and the fabrication of a point source of polonium alpha 
radiation. Many excellent procedures are given in detail. 
Chapter 4, ‘“‘Alpha-Particle Patterns on Nuclear Emulsions,’ 
devotes 41 pages to an elementary account of the properties of 
alpha particles, the naturally occurring alpha emitters, secular 
radioactive equilibrium, the range of alpha particles in solid 
matter, and the characteristics of nuclear emulsions with refer- 
ence to alpha radiations. This chapter is probably of importance 
mainly for nuclear physicists and chemists, geochemists, and 
others who are interested in the natural and synthetic alpha 
emitting radioisotopes. Chapter 5, “Quantitative Aspects of the 
Alpha-Particle Pattern,’”’ extends for 23 pages the alpha-particle 
techniques to quantitative counting, preparation of thin alpha 
sources, use of thick sources, and considerations of loaded emul- 
sions. Chapter 6, “Radiochemical Studies with Nuclear Emul- 
sions,” is a 23-page introductory discussion of the application of 
emulsions to the study of coprecipitation and carrier phenomena, 
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radiocolloid formation, and analysis of radioactive decay chains. 
Chapter 7, ‘“‘Alpha-Particle Patterns of Uranium and Thorium 
Minerals,” 26 pp., Chapter 8, ‘Alpha Tracers in Crystallography 
and Metallurgy,” 13 pp., and Chapter 9, “Biological Applications 
of Alpha-Particle Tracers,” 18 pp., have completely self-explana- 
tory titles. These chapters are intended for the individual de- 
siring general orientation, and not for the specialists in the fields 
involved. Chapter 10, ‘Principles of Beta-Particle Autoradiog- 
raphy,” is a short (12 pp.) account of the properties of beta 
particles and their photographic action. Chapter 11, ‘‘Applica- 
tions of Beta-Ray Patterns,’ presents a 25-page survey of ap- 
plicaticns, including localization of macro and trace constituents 
in tissue, metallurgical studies of segregates and friction processes, 
self-diffusion studies, autoradiography of neutron-activated 
solids, the mass assignment of radioisotopes by the mass spec- 
trometer emulsion transfer technique, and a short discussion of 
gamma radiation measurement. Chapter 12, “Applications in 
Nuclear Physics,’ 66 pp., considers the measurement and inter- 
pretation of emulsion tracks arising from protons, deuterons, tri- 
tons, recoil atoms, and fission fragments, detection of slow and 
fast neutrons, and studies of cosmic rays, spallation reactions, 
and the artificial mesons. There are many good cloud chamber 
photograpts. : 

Each chapter is headed by a quotation aptly selected by the 
author to lend spice to the reading. For example, a remark 
made in 1946 by J. A. Wheeler heads Chapter 12: “When we con- 
sider the wonderful advances made by Rutherford and his collabo- 
rators in nuclear physics with sources separated out of the min- 
erals of the earth, and then note that for ultranucleonic research 
also this globe is supplied with particles of the necessary energy, 
we marvel at the richness of nature.” Chapter 3 is preceded by 
a quotation from Leonardo da Vinci, 1500: ‘Trifles make per- 
fection, and perfection is no trifle.” 

The book is completed by a comprehensive up-to-date bib- 
liography, two appendices (1. Range-Energy Relations in Ilford 
Nuclear Emulsions; 2. Atomic Constants and Conversion Fac- 
tors), and an adequate author index and subject index. The 
illustrations are well executed and the physical format of thie 
book is attractive and sturdy. Only a few typographical errors 
were noted. 

No prior knowledge of nuclear physics or nuclear chemistry 
is required of the reader. The book is well written and will be 
found of value to many chemists, physicists, biologists, geologists, 
and others who are interested in nuclear radiation detection. 


CLIFFORD S. GARNER 
UNIVERSITY OF CALIFORNIA 
Los ANGELES, CALIFORNIA 


e NIELS BJERRUM—SELECTED PAPERS 


Edited by friends and co-workers on the occasion of his 70th 
birthday, the llth of March, 1949. Einar Munksgaard, Copen- 
hagen, 1949. 295 pp. 24 figs. 69 tables. 17.5 X 24 cm, 


Tuts Jubilee volume of 295 pages contains 27 selected scientific 
publications of this renowned scholar and investigator, who has 
held for many years the chair in chemistry at the Royal Veter- 
inary and Agricultural College of Denmark, and now is Director 
of the Carlsberg Foundation. For the most part, they are 
translations from the Danish, French, or German. The selections 
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are grouped under: (1) History of chemistry; (2) Chemical phys- 
ics; (3) Physical chemistry; (a) Electrolytic dissociation theory, 
(b) Acids and bases, (c) Colloid and inorganic chemistry, etc, 
The volume contains a photograph of Bjerrum, a foreword by 
his close friend and associate, Niels Bohr, followed by a valuable 
survey and appraisal of Bjerrum’s scientific life and works by the 
new Director of the Institute for Physical Chemistry, Professor 
J. H. Christiansen, from which I quote: 

“Bjerrum was together with J. N. Brgnsted in one of the last 
groups of advanced students which worked under the personal 
guidance of the late S. M. Jgrgenson on inorganic complex com- 
pounds. While Jgrgenson restricted himself to the application 
of tae methods of classical chemistry, synthesis and analysis, 
Bjerrum soon became aware of the numerous problems of inor- 
ganic chemistry which could, and could only be solved by means 
of physico-chemical methods.” 

The reviewer once asked J. N. Brgnsted, “With whom did 
you and Bjerrum study thermedynamics?”’ The answer, “We 
studied the subject by ourselves—but,” and after a pause for 
emphasis, ‘“‘we had thorough training in inorganic chemistry that 
has stood us in good stead.” 

Obiters of Brgnsted (J. A. Christiansen and J. N. Bell, /. 
Chem. Soc., London, 1949) have found that they cannot discuss 
his work without discussing at the same time that of Bjerrum. 
The reviewer of these selected papers naturally finds himself in a 
similar but reversed position. 

Their birthdays were but three weeks apart, and hence they 
were classmates in school and university. This placed them for 
life in the position of friendly but keen competitors for the highest 
honors which their country could bestow upon them. Since 
they had almost identical training it is little wonder that in later 
years they frequently found themselves engaged in almost 
identical problems without have disclosed their plans to one an- 
other. Their names consequently are inseparably linked in the 
history of Danish chemistry. 

Bjerrum continued his studies on viscosity of liquids with Jean 
Perrin, and with Nernst in Berlin on the heat capacity of gases. 
His pioneer papers on electrolytic interaction and ion association 
are now so well known that they need not be detailed here. It is 
a great help to have them available in English, including minor 
corrections by the author to bring them up to date. 

Readers of Tu1s JouRNAL in particular will be interested to 
learn that Niels Bjerrum’s contributions to the proton acceptor 
theory of acids and bases, the dissociation constants of multi- 
valent acids, electrometric titrations, and last but not least, those 
on structure and behavior of inorganic complex compounds in re- 
lation to colloid chemistry have been included. The pioneer 
work in inorganic chemistry is being continued in a most credit- 
able way by his son, Jannik, now Professor at the Polytechnic 
Institute. 

Only those who have had the privilege of knowing Niels 
Bjerrum personally can fully comprehend the penetration and 
wide range of his scholarly interests, his originality, enthusiasm, 
and sterling character. His fine spirit of scientific cooperation 
toward his colleagues and their students is an inspiration to all 
who know him, The editorial board has exercised excellent judg- 
ment in selecting out of a possible 92 those papers which are most 
valuable and useful to physical chemists who have not been able 
to follow the Scandinavian literature. 


VICTOR K. LA MER 
CotumBIA UNIVERSITY 
New Yors, New Yore 
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Somenow there seems to be an appropriate Christmas 
message in the following, which appeared in the July— 
August issue of The Kalends under the title, ‘Honour 
and Recognition.” 


In 1900 an advertisement appeared in the London newspapers 
which was as follows: ‘‘Men wanted for hazardous journey to 
the South Pole. Small wages, bitter cold, long months of com- 
plete darkness, constant danger, safe return doubtful. Honour 
and recognition in case of success.” This advertisement was put 
in the papers by Sir Ernest Shackleton, the explorer. In speaking 
of it afterward he said, “It seemed as though all the men of 
Great Britain were determined to accompany me, the response 
was so overwhelming.” 


No promises of time and a half, no insurance benefits, no social 
security, no good working conditions, no promises of days off, 
nothing that the modern employer offers to an employee, yet 
the ‘‘response was. ..overwhelming.” 


What was the inducement, then? ‘Honour and recognition in 
case of success.”” That, and the opportunity to work side by 
side with others in a joint adventure. With these as the only 
promises, Shackleton was able to get personnel for four trips to 
the Antarctic regions—and never reached the Pole. These men 
suffered great hardships and great disappointment, but there 
were no strikes for shorter hours, better working conditions, or 
more pay. 

Someone would earn the everlasting gratitude of industry if 
the same spirit of adventure and challenge could be stirred up 
in the regular day-by-day workers of today. Men work for 
money only because they and their families must exist: it is the 
poorest of inducements and incentives. Men work because 
they want to, when they obtain ‘“‘honour and recognition” in 
a task that offers a challenge and a chance to see where their 
efforts are soniething that is necessary to the forwarding of a 
project. 


The early mountain men of the nineteenth century did not 
work for money, they worked for the love of adventure and in the 
acceptance of a challenge. When men are challenged they give 
their best, whether in work or play. The personal challenge is 
what is missing from most of the conduct of industry today and 
until someone comes up with a way to present that challenge, the 
same apathy will exist among the hourly workerg of today’s 
business world. The challenge is there but it’s hard to see, 
hedged around with red tape, regulations, etc. Who knows how 
to get the challenge in the open? 





Tr 1s seldom that we have given so much space to a 
single subject as we have in this issue. Nevertheless, 
we feel fortunate to have obtained—and to be able to 
offer to our readers—the Symposium on the Organic 
Chemistry of Plant Synthesis, given at the San Fran- 
cisco meeting of the American Chemical Society last 
spring. We believe that these four papers are the kind 
of ‘reviews’ that our readers always indicate as their 
first choice of editorial material in the reader surveys 
we have made. Furthermore, Dr. Calvin’s paper will 
no doubt be a permanent and important reference in 
the literature of photosynthesis. 


We: nave long been aware of the deficiencies of our 
annual index, in which, heretofore, only titles (and 


authors) have been entered, and never subjects. The 
index to the current volume, printed in this issue, ap- 
pears in a somewhat different form. All titles are 
included, of course, under the first major word of the 
title and generally in one or more secondary entries. 
For the first time, however, subjects are indexed to 
make it easier for readers to locate material which is 
not explicitly described in the ‘titles. It would be 
possible, of course, to carry such subject indexing to 
any extreme; we have had to set what we think are 
reasonable limits. 

For the first time, also, books and correspondence are 
indexed in entirely separate sections from the main 
articles. We have not thought it practicable to attempt 
a subject index of books reviewed, but have limited the 
listings to titles, as heretofore. 

We hope for comments and constructive criticism on 
the new form of index and would appreciate suggestions 
for further improvements. It is our intention to pub- 
lish a cumulative index of the first twenty-five volumes 
when we feel satisfied as to the form it should take. 
There are well-known standard principles and practices 
of indexing, but periodicals differ so much that each 
must consider carefully its own particular needs. 
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Symposium on Organic Chemistry of Plant Synthesis* 





€ SYNTHESIS OF ISOPRENOID COMPOUNDS IN 


PLANTS 


Tus isoprenoid compounds comprise a group of 
substances which occur widely in plant and animal 
material, and which have in common the fact that 
they can be conceived of as built up of elementary 
units of the 5-carbon branch chain compound iso- 
prene. The naturally occurring isoprenoid compounds 


ais 
Jo ~CH=CHe 
CH: 

include the simple terpenes, 10-carbon compounds in 
which isoprene units are condensed by twos either 
into chain or into cyclic compounds; the sesquiterpenes, 
15-carbon compounds; the diterpenes, 20-carbon com- 
pounds; the triterpenes, 30-carbon compounds; the 





TABLE 1 
Classes of Naturally Occurring Isoprenoid Or TerpeneCom- 
pounds Together with Examples of Some of Their Com- 
mon Oxidation Products 








Example of 
Empirical Example of oxidation 
Terpene class formula hydrocarbon product 
Isoprene C;He 
Monoterpene CroHis Pinene C,oHis0 camphor 
Sesquiterpene CisHoy Bisabolene C,sH2,,0H farne- 
sol 
Diterpene CaoH3e Camphorene CaH2»3OH  vita- 
min A 
Triterpene CoH Squalene CyoH4OH amyrin 
Tetraterpene CuoHsc Carotenes CuHse02 xantho- 
; phylls 
Polyterpene (CsHs),n | Rubber, gutta 





carotinoids, including carotenes and xanthophylls, 
and the high-molecular weight compounds, rubber and 
* gutta-percha. This discussion will concern itself only 
with the synthesis of the isoprenoid compound, rubber. 
It is entirely likely, however, in view of the structural 
similarities between rubber and the other isoprenoids 
that mechanisms found to apply to the biosynthesis of 
rubber may well apply also with appropriate modifica- 
tion to the general synthesis of other isoprenoid com- 





* Presented before the Division of Organic Chemistry at the 
115th meeting of the American Chemical Society in San Fran- 
cisco, California, March, 1949. 


JAMES BONNER 
California Institute of Technology, Pasadena, 
California 


pounds. The experiments here discussed are one part 
of a general program to discover the chemical processes 
by which rubber is formed in the plants and were under- 
taken as a cooperative project by the U. S. Department 
of Agriculture, Bureau of Plant Industry, Soils and 
Agricultural Engineering and the California Institute 
of Technology. Strange as it may seem, essentially 
no work has been done on the biosynthesis of rubber 
in the past despite the continued and increasing im- 
portance of natural rubber production. Natural rub- 
ber research has chiefly centered either on the conditions 
necessary for maximum rubber production by plants 
or on the technology of the extracted rubber. An 
understanding of the biochemistry of rubber formation 
is not only of intrinsic interest but is of value, also, 
from the standpoint of application of this knowledge to 
the synthesis of natural rubber outside of the living 
plant. Given a knowledge of the rubber precursors, 
the enzymes, and the conditions of polymerization 
which obtain in the plant, and ideas may at least be 
entertained as to the possible production synthetically 
of a natural rubber rather than of a rubber substitute. 
Although the biosynthesis of rubber in the plant has 
not heretofore been attacked experimentally, neverthe- 
less a number of suggestions may be found in the litera- 
ture as to possible courses which such synthesis might 
take. In the first place, it appears unlikely that iso- 
prene itself is a precursor of rubber. Isoprene has 
never been found in plant tissues even though it has 
been extensively sought, and it appears unlikely there- 
fore that this compound is to be considered as an inter- 
mediate. It seems more probable that some 5-car- 
bon branched chain compound other than isoprene, but 
possessing the same carbon skeleton, may be the ele- 
mentary unit which is polymerized in the plant to form 
rubber. Our investigations thus far deal only with 
attempts to discover the nature of the 5-carbon 
branched chain precursor of rubber and to discover if 
possible the mechanism by which this 5-carbon 
branch chain compound is formed. The general pro- 
cedure used consists in the growing of a rubber plant 
or plant part in synthetic nutrient solution, under con- 
trolled environmental conditions, so that rubber for- 
mation at the expense of rubber precursors present in 
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the plant can be controlled with a considerable degree 
of exactness. To the nutrient solution is added a com- 
pound or compounds regarded as being possible rubber 
precursors or intermediates in rubber synthesis. If the 
compound causes an increase in the amount of rubber 
formed by the plant during the short experimental 
period the compound is then considered as a possible 
intermediate in rubber synthesis. Final proof that the 
suspected compound is in fact an intermediate in rubber 
formation is based on experiments with isotopically 
tagged molecules of the intermediate. 

Our experiments deal only with rubber synthesis by a 
single plant, the guayule Parthenium argentatum, a 
shrub native to the desert regions of Southern Texas 
and Northern Mexico. This plant, which accumulates 
rubber in the bark of the stem and roots, synthesizes 
rubber to an extraordinarily high concentration, and 
guayule plants may in fact contain 20 per cent or more 
of their total dry weight in the form of rubber. Rubber 
synthesis may also take place extraordinarily rapidly 
in the plant and it has been found that during certain 
times in the life of a guayule plant as much as 50 to 
75 per cent of the total dry weight laid down by the 
plant may consist of rubber. Although rubber is 
formed abundantly in the bark of the stem and root of 
guayule it is essentially absent from the leaves. The 
leaves, on the other hand, are extremely important for 
the synthesis of rubber by the guayule bark. Thus, if 
guayule plants are defoliated rubber formation ceases 
abruptly. It is possible to demonstrate directly that 
in the leaves substances are formed which are necessary 
for the formation of rubber by the tissues of the stem. 
For this purpose, use was made of the tissue culture 
technique. Small pieces of guayule stem tissue were 
cut from the plant, treated in such a way as to make 
them asceptic, and placed upon an asceptic nutrient 
containing mineral salts, sugar, and other growth fac- 
tors needed to make the stem tissue grow. Under these 
conditions the stem tissues grow vigorously in culture, 
but during the course of this vigorous growth they 
fail to make any appreciable amount of rubber. If, 
now, an extract of leaves of guayule plants is added to 
the asceptic nutrient medium and stem sections cul- 
tured upon this medium it is found that the stem sec- 
tions rapidly accumulate rubber. This effect is brought 
about only by extracts of leaves of plants actively en- 
gaged in rubber formation. Leaves of plants not ac- 
tively engaged in rubber formation do not have the ef- 
fect. It is clear, therefore, that under the conditions 
of rubber synthesis the leaves of the guayule plant pro- 
duce something which is necessary for rubber formation 
in the tissues of the stem. The nature of this compound 
nevessary for rubber formation by the stem has not yet 
been ascertained, and its identification will apparently 
be moderately complex. In the meantime, however, a 
fruitful approach to the study of rubber synthesis has 
been found to lie in the testing of pure synthetic com- 
pounds for ability to support rubber formation in such 
isolated stem cultures. Parallel to the work with stem 
cultures, experiments have also been carried on with the 
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synthesis of rubber by guayule seedling. The use of 
seedlings rather than of mature plants was originally 
dictated by the necessity of using small amount of the 
various and often difficulty obtainable compounds to be 
tested as rubber precursors. The seedlings after ger- 
mination were transplanted individually to vials contain- 
ing 15 ml. of nutrient solution previously found to 
support good growth of such seedlings. The vials 
were then placed in specially built boxes, so that the 
entire root system of the plant was maintained in dark- 
ness, and these boxes containing plants in groups of 20 
placed in the greenhouse under temperature conditions 
known to be moderately unfavorable to accumulation of 
rubber by the plant. To the nutrient solution of the 
seedlings was then added the various compounds sus- 
pected of being rubber precursors. With these seed- 
lings, as with the stem tissue cultures, it was found that 
addition of extract of leaves of guayule plants actively 
engaged in rubber formation actually increases the 
amount of rubber formed and accumulated in the stem 
tissues. Apparently in these seedlings as in the stem 
tissue cultures from mature plants the limiting factor 
in rubber formation is the amount of the rubber pre- 
cursor formed in the leaves. Among the compounds 
which have the carbon skeleton of isoprene and which 
are known to appear in nature are isovaleraldehyde, 
isovaleric acid, tigaldehyde, tiglic acid, and the amino 
acid, valine. These substances were all tried for 
ability to support rubber formation in isolated stem 
tissues or in guayule seedlings and were all found to be 
inactive. The Russian worker, Prokofieff and others, 
have suggested that betamethylcrotonaldehyde may 
be the rubber precursor and that this substance may 
be formed from the condensation of acetone and ace- 
tone and acetaldehyde. Betamethylcrotonaldehyde 
has not been found in higher plants, but acetone has 
been isolated from guayule leaves and acetaldehyde is 
of common occurrence, as is the dimer of betamethyl- 
crotonaldehyde, citral. The combination of acetone 
and acetaldehyde, as well as citral, were therefore tested 
for the ability to support rubber formation in guayule 
but were found to be ineffective. It has sometimes 
been suggested also that the simple terpenes, 10-carbon 
compounds may be precursors oftrubber. This hypo- 
thesis has certain elements of improbability inherent in 
it, but nevertheless, it was found that the leaf terpenes 
of guayule are not capable of supporting rubber forma- 
tion either in isolated stem tissues or in the seedling 
test. Our results indicate that the following reaction 
is of importance in relation to rubber formation: 


Acetone + acetic acid — betamethylcrotonic acid 


That this reaction, which has not heretofore been sug- 
gested in the literature, is involved in rubber formation 
is indicated by several lines of evidence. Thus, when 
acetate is added in a concentration of 100 mg. per liter 
to the nutrient solution in which stem tissues or seed- 
lings are grown, a considerable increase in formation of 
rubber is brought about. These increases vary from 
25 per cent to over threefold in separate experiments 
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under different conditions, the variations undoubtedly 
reflecting variations in the initial status of the tissue. 
In contrast to the effects of acetate are those of fluor- 
acetate, which is known from experiments with micro- 
organisms to be an inhibitor of acetate metabolism. 
Fluoracetate inhibits the effect of acetate in increasing 
rubber accumulation. 

Acetone, like acetate, exerts an effect on rubber for- 
mation by guayule seedlings. Acetone and acetate do 
not appear to be additive in their effects with guayule 
seedlings, but with guayule stem tissue cultures there is 
very considerable additive effect between the effects of 
the two compounds. One further substance, glycerol, 
was found to influence rubber accumulation to a con- 
siderable extent. Glycerol is known, however, to be 
rapidly converted to acetate and to acetone by various 
microbial systems, and it is entirely possible that the 
activity of glycerol in rubber formation in plant tissues 
is due to some such conversion. 

In seeking an explanation of the mechanism by which 
acetate and acetone might effect rubber formation in 
the guayule plant, the possibility was considered that 
betamethylerotonic acid might arise as a condensation 
product of these two substances. Betamethylcrotonic 
acid was therefore tested for ability to support rubber 
formation, and found to be as active as the combination 
of acetate and acetone with both seedling guayule 
plants and with the isolated stem tissue cultures. 
Betamethylerotonic acid differs in this respect then 
from its dihydro derivative, isovaleric acid, which is 
inactive. Consideration was further given to the 
mechanism by which acetone might arise in the tissue. 
It was found that acetoacetic acid, known to be an 
intermediate in the formation of acetone from acetate 
by various species of the anaerobic bacterium, Clostrid- 
ium, is active in replacing acetone in rubber formation 
in tissue of guayule. It thus appears possible that ace- 
tone arises in guayule by the intermediacy of acetoacetic 
acid as it does in other microbial and animal species. 

These investigations were then extended to the study 
of the metabolism of radioactive acetate. Acetate 
was synthesized containing radioactive carbon 14 in 
both carbon atoms. When this acetate was supplied to 


guayule seedlings or to mature plants, it was found that 
within three days a considerable portion of the acetate 
given had appeared in the rubber fraction, and that the 
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rubber, prepared as the several times recrystallized 
rubber tetrabromide, contained radioactivity at a 
higher level than the tissue as a whole. In one experi- 
ment studied in particular detail, 75 per cent of the 
acetate metabolized by the plant appeared in the form 
of rubber within the period of three days, the remaining 
25 per cent of the radioactive acetate metabolized ap- 
pearing in the form of the various resins formed in 
guayule and known also to be isoprenoid compounds. 
Further evidence that acetone plays a part in this syn- 
thesis was also obtained by the use of radioactive ace- 
tone prepared from radioactive acetate. When radio- 
active acetone was supplied to guayule seedlings, radio- 
activity was recovered in rubber formed by the plant. 
A critical test of the proposed scheme of rubber for- 
mation is to discover whether or not betamethylcro- 
tonic acid which is able to replace acetate in supporting 
rubber formation is actually an intermediate in the 
process. Betamethylerotonic acid has not heretofore 
been widely found in plants and our efforts to isolate this 
acid have so far been unsuccessful. The following ex- 
periment indicates, however, that betamethylcrotonic 
acid is formed during the metabolism of acetate by 
guayule. Guayule plants were fed with radioactive 
acetate. After a period of three days the plants were 
harvested and an appropriate procedure used for ob- 
taining the organic fraction which should contain 


‘the betamethylcrotonic acid, if this substance is pres- 
ent in the plant. 


To this fraction was then added a 
large amount of inactive betamethylcrotonic acid. 
This material was then recrystallized from the extract 
and found to contain radioactivity. Such radioactivity 
can only have been attained in the presence of radio- 
active betamethylcrotonic acid in the plant extract 
and seems to indicate strongly that betamethylerotonic 
acid is produced in the guayule as a metabolic product 
from acetate. 

The experimental results detailed above suggest 
strongly that acetate is an intermediate in rubber syn- 
thesis and that acetate may be metabolized to beta- 
methylerotonic acid, as a further intermediate in the 


Suggested intermediate reactions between ‘acetate and rubber 
formation 
CH;COOH 
Acetate 
CH; 


CH;C=OCH:COOH — C=O + CH;COOH — 


CH; 
Acetoacetate Acetone Acetate 
CHs\, 
C=CHCOOH 
CH; 
Betamethylerotonic Acid 
Rubber 


process. What now may be considered as possible 
further reactions in the polymerization of betamethyl- 
crotonic acid? 

Investigations on the mechanisms of fatty acid syn- 
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TABLE 2 


Fate of CH;COOH Fed to Mature Guayule Plants During 
Active Rubber Accumulation. Time of Exposure to Ace- 


tate Is Three Days. Expt. R-3 
Total counts %of 








per min. activity % of acetate 
Fraction per 2 plants taken up metabolized 
Acetate given 2,000,000 ae 
Stem + root 5,370 100 
Recovered as acetate 5,082 94.6 aes 
Acetate metabolized 288 5.4 100 
Recovered as crystalline 
rubber tetrabromide 211 3.9 73 
Recovered as resins 75 1.4 26 





thesis in microorganisms and in higher animals have 
shown that this synthesis proceeds stepwise through the 
condensation of two acetate molecules and subsequent 
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reduction of the product followed by condensation of 
this four-carbon compound with a further acetate 
molecule, and so on. The present data suggest a far- 
reaching analogy between fatty acid formation and rub- 
ber formation with betamethylcrotonic acid replacing 
acetate as the fundamental repeating unit. Beta- 
methylcrotonic acid may be coupled with itself to yield 
a 10-carbon compound, this coupled with a further 
betamethylcrotonic acid to yield a 15-carbon compound, 
etc. At each step in such a process, energy would need 
to be added to the system both to form the new car- 
bon-carbon linkage, and to reduce the residual oxygen 
atoms present in the structure. These are matters 
concerning which we have no evidence as yet. Further 
elucidation of the manner in which the 5-carbon 
precursor is condensed to rubber can be obtained only 
in a long-range extension of the present work. 


a THE RELATIONSHIP OF PLANT PIGMENTS TO 
PHOTOSYNTHESIS 


As rarty as 1779 it was proposed (cf. 1) that only 
the green parts of plants can dephlogisticate fixed 
air. In modern terms this means that only the 
green parts of plants are able to evolve oxygen when 
placed in an atmosphere containing carbon dioxide. 
This remained: an almost unchallenged dictum until 
Englemann (1) a little over a hundred years later put 
it to a rigorous test by means of his sensitive bacterial 
method. 

Englemann discovered that certain bacteria become 
immotile when placed in an atmosphere free of oxygen 
and regain their motility by introduction of the merest 
trace of oxygen. A trillionth (European units) of a 
milligram of oxygen, that is, about 20 oxygen molecules, 
can be detected by this method. By means of this 
fabulously sensitive test he examined colorless tissue 
from a large number of organisms, among which were 
the colorless tissue of the parenchyma cells of albino 
maple and ivy leaves, flower petals, and also the cells 
from many different kinds of animals. In no single 
case was it possible to detect the evolution of a trace of 
oxygen from the colorless protoplasm. In contrast to 
this, when even the smallest chlorophyll body was 
illuminated, it evolved oxygen. From these experi- 
ments Englemann concluded that only the pigment- 
containing cells, and within these cells only the pig- 
mented plasma particles, evolved oxygen in the light. 


| JAMES H. C. SMITH 


Division of Plant Biology, Carnegie Institution of 
Washington, Stanford, California 


Englemann then proceeded to determine the effect of 
different wave lengths of light on the evolution of oxy- 
gen. He developed a micro technique (2) so that he 
could illuminate an organism or a piece of tissue with a 
spectrum of small dimensions and determine to which 
parts of the tissue the bacteria migrated. From the rel- 
ative number of organisms surrounding the tissue illu- 
minaied with different wave lengths of light, he deduced 
the relative activities of the rays. He examined algae 
of different colors—green, blue-green, yellow-brown, 
and red—to determine whether their spectral sensitivity 
for the evolution of oxygen differed. 

The results he obtained are shown in Figure 1 (9). 
The solid line represents the photosynthetic activity 
and the broken line represents the relative light ab- 
sorption of the organisms. The maximum assimilation 
in the green and yellow-brown algae occurs at about 
680 my and corresponds to the red absorption band of 
chlorophyll. The yellow-brown algae have an almost 
equally high photosynthetic activity at about 520 muy, 
whereas the green algae have a second but much lower 
maximum of photosynthesis at around 490 mu. The 
red algae showed maximum photosynthesis in the 
middle portion of the spectrum at about 570 muy, and 
this maximum photosynthesis is very much higher than 
that in the region where chlorophyll absorbs the most, 
at about 680 my. The blue-green algae have a very 
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Relation of Photosynthesis to Spectral Absorption Proper- 
ties in Different Classes of Algae 
The relative photosynthetic ability (@—®) of different classes of algae at 
different wave lengths of light compared with their spectral absorption 
properties (O- - - O) (Englemann (3)). 


Figure 1. 


broad band in the red end of the spectrum with a maxi- 
mum photosynthetic activity at about 620 my. A 
definite maximum of photosynthesis in blue light is ob- 
served only in the green algae. 

The light absorption also differs in the different kinds 
of algae, which indicates the presence of different pig- 
ment complexes. From these experiments Englemann 
came to the conclusion that besides chlorophyll other 
pigments function in the assimilatory process. 

Englemann had a clear concept of the relation of 
photosynthesis to pigments in the living organism. 
He realized that the action spectrum should correspond 
to the absorption of the pigments which are active in 
photosynthesis in the organism. In order to make a 
rigorous determination of what pigments are active in 
photosynthesis and to what extent, it would be neces- 
sary to determine quantitatively the absorption of each 
pigment in the organism at each wave length and com- 
pare this with the amount of photosynthesis produced. 
Still, at the present time, this procedure is impossible 
because there is no way to determine the absorption of 
each pigment individually in the living organism. As 
an alternative procedure, determination of the absorp- 
tion of the extracted pigments has been resorted to. 
But the absorption spectra in the extracts differ from 
those in the living organisms and the magnitudes of the 
differences vary from organism to organism. This 
makes it impossible to compare quantitatively the ab- 
sorption of the pigments in the extract with the ab- 
sorption of the pigment in the organism. The best 
that can be done is to make an approximation of the 
absorption of the individual pigments in the living 
organism from their absorption in the extract and com- 
pare this with the photosynthesis at various wave 
lengths. 

As an example, let us first look at the green alga, 
Chlorella. The absorption of light by the living cell 
has been measured and compared with the amount of 
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photosynthesis elicited thereby. Figure 2 shows the 
results obtained by Emerson and Lewis (4). Compari- 
son of the total light absorbed (Figure 2A) as compared 
with the amount of photosynthesis (active absorption) 
shows that the photosynthesis runs roughly parallel 
with the absorption. However, there is a deviation in 
the short wave lengths. This can be accounted for by 
the absorption of the carotenoids, which are known to 
occur in Chlorella and to absorb in this region of the 
spectrum. Based on the relative absorption of chloro- 
phyll and carotenoids in the alcohol solution (Figure 
2B) the carotenoids absorb as much as 75 per cent of 
the light in the region around 500 mu. There is con- 
siderable discrepancy, as Figure 2C shows, between the 
absorption of the extract and the absorption of the in- 
tact cells. Therefore, it is uncertain how quantitatively 
the absorption of the various pigments in the extract 
can be assumed to represent their proportionate ab- 
sorption in the living cells. 

Perhaps the best test of what pigments are active in 
photosynthesis is to determine the quantum yield of 
photosynthesis at different wave lengths of light and to 
compare this with the absorption of the pigments. 
The assumption is made that the effectiveness of light. 
of different wave lengths depends only on the amount 
absorbed. The quantum yield for Chlorella is shown in 
Figure 2D: Beyond 730 my there is an exceedingly 
small amount of photosynthesis. The value rises 
steadily to about 685 my when it reaches a maximum of 
about 0.09. From 685 to 580 my it remains at almost 
maximum value and then declines to about 0.065 at 
485 mu. The quantum yield then rises to about 0.08 
at 420 my. The relationship of quantum yield-to wave 
length reveals that in that region of the spectrum where 
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ties in Chlorella pyre 


(A) Total absorption of the organism compared with the ‘‘active’’ ab- 
sorption, i. ¢., ‘the per cent of incident light which resulted in photosynthesis.” 

(B) Estimated percentage of the light absorbed by the carotenoids. 

(C) Comparison of the aptical d ofa pensi of intact cells 
and of an extract of the same quantity of cells adjusted for wave-length 
shift (see text). 

(D) Quantum yields of photosynthesis at different wave lengths of light 
(Emerson and Lewis (4)). 
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the carotenoids absorb light the quantum yield de- 
creases conspicuously. The decrease is not so great as 
the absorption by the carotenoids in extracts of pig- 
ments might indicate, for whereas the quantum yield 
decreases about 30 per cent there is indication that the 
relative amount of light absorbed by the carotenoids 
increases to about 70 or 75 per cent. The decrease in 
quantum yield in this region is evidence that the caro- 
tenoids as a whole are not as photosynthetically active 
as the chlorophylls. But the quantitative relations 
may be interpreted to mean that the carotenoids are at 
least partially active. Whether the carotenoid pig- 
ments are all less active or whether some are completely 
inactive and others fully active still remains in doubt. 

Both chlorophylls a and b appear to be active. 
Whether they are active to the same extent is not yet 
clear. At the wave lengths near the maximum ab- 
sorption of chlorophyll 6 there appears to be a slight 
diminution in the quantum yield, the reality of which is 
questionable. 

From this discussion it appears justifiable to con- 
clude that in the green alga, Chlorella, the pigments 
chiefly active in photosynthesis are the chlorophylls. 
If the carotenoids are active, they are, as a whole, con- 
siderably less efficient than the chlorophylls. 

The blue-green alga, Chroococcus, has also been ex- 
amined by Emerson and Lewis (5) relative to the total 
absorption and active absorption. In Figure 3A it is 
seen that the active absorption, shown by the broken 
line, parallels the total absorption at the longer wave 
lengths, but falls far short of the total absorption in the 
middle portion of the spectrum. This is the region of 
the spectrum where the carotenoids are chiefly re- 
sponsible for the absorption, as the curves in Figure 3B 
show. The peak around 680 my is due to the absorp- 
tion of chlorophyll. The peak at 620 my is due to the 
absorption by phycocyanin. In this organism the 
absorption of the intact cells and of the combined ex- 
tracts very nearly parallel each other (Figure 3C) and 
for this reason it may be assumed that the absorption 
of the pigments in solution bears a direct relationship 
to the absorption of the pigments in the living cells. 
Calculated on this basis, the relative absorption by the 
different pigments is shown in Figure 3B. When the 
quantum yield (Figure 3D) is compared to the ab- 
sorption of the different pigments it is clear that in the 
region where both chlorophyll and phycocyanin absorb 
the quantum efficiency is nearly constant. It is in the 
region where the carotenoids absorb most strongly 
that the quantum yield falls off decidedly. Although 
the quantum yield falls off sharply in this region, the 
decrease is less than what would be expected from the 
absorption by carotenoids in extracts of the alga (¢/. 
broken line, Figure 3D). 

A review of the facts indicates that light absorbed by 
chlorophyll and phycocyanin is photosynthetically 
active and to nearly the same extent. Light absorbed 
by the carotenoids is used to only a slight extent if at 
all. 

The yellow-brown alga, Nitzschia closterium, has been 














CHROOCOCCU 


T v T T T T 





1ON 


s 








8 





CHLOROPHYLL —— 


Pm 
fon 
orice 


pe ae 
PHYCOCYANIN °+ 








PERCENT ABSORPTION 





—_ 
S 


- 
4 





PERCENT OF TOTAL ABSORPT! 





e zt) 
\ é ‘ 
\ / a 4 
\ ores’ H 
7 J 
~  —— TOTAL ABSORPTION 
sm-- ACTIVE * 
4. 4 oe | 1 4 


440 520 600 680 mp 


Pa 
4 











fh 
Pia 





QUANTUM YIELD _ 








a 
Figure 3. Relation of Photosynthesis to Spectral Absorption Proper- 
ties in Chroococcus 


(A) Total absorption of the organism compared with “‘active’”’ absorption. 

(B) Estimated percentage of the light absorbed by the various classes of 
pigments. 

(C) Comparison of the absorption spectra of intact cells and extracts of 
the same quantity of cells adjusted for wave-length shift (see text). 

(D) Quantum yields of photosynthesis at different wave lengths of light. 
The solid line represents the actual observations. The broken line repre- 
sents values calculated on the assumption that the yield is 0.08 for light 
absorbed by chlorophyll and phycocyanin and zero for light absorbed by 
carotenoids (Emerson and Lewis (4)). 


examined by Dutton and Manning (6). In Figure 4A 
are shown combined the relative amounts of light ab- 
sorbed by the different pigments in an extract of 
Nitzschia closterium. The percentage of light absorbed 
by each of the pigments is shown in Figure 4B. This is 
compared with the relative quantum yields of photo- 
synthesis obtained at different wave lengths (crosses) 
in percentage of the quantum yield at 665 mu. From 
the results obtained it is clear that where the carotenoids 
absorb the most, there the relative quantum yield is 
depressed the most. However, at 436 my, where about 
50 per cent of the light is absorbed by the carotenoid 
fucoxanthin, the relative quantum yield is reduced very 
little. It may be that this carotenoid is particularly 
active in photosynthesis. The fact that the quantum 
yield is lowered to only about 70 per cent of that when 
all the light is absorbed by chlorophyll, although 93 per 
cent of the light is absorbed by the carotenoids is 
strong indication that the carotenoids are partially re- 
sponsible for the light absorbed and used in photo- 
synthesis. Besides chlorophyll a this organism has 
been shown to contain chlorophyll c by Strain, Manning, 
and Hardin (7). What its contribution to photosyn- 
thesis is remains to be determined. 

The red algae present an interesting situation. As 
was shown in the action spectrum curves obtained by 
Englemann, reproduced in Figure 1 (RED), the oxygen 
production was highest in green light at about 560 my 
where phycobilins absorb strongly. This gave indica- 
tion of the activity of the phycobilins. In the regions 
where chlorophyll] shows its maximum absorption, in 
red and in blue light, the assimilation was only about 20 
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Relation of Photosynthesis to Spectral Absorption Proper- 
ties in Nitzschia closterium 


WAVE 
Figure 4. 


(A) A summation of the relative absorption coefficients (in acetone) at 
different wave lengths for the component pigment fractions from N. clos- 
terium. 

(B) The percentage of the total absorption ascribable to chlorophyll a 
—., to fucoxanthin ---, and to total carotenoids - - - compared with the.rela- 
tive quantum yields of photosynthesis (crosses) at different wave lengths 
(Dutton and Manning (6)). 


per cent of that in green light. And even though 
chlorophyll obviously is absorbing in the red region of 
the spectrum, its photosynthetic activity seems to be 
much depressed as compared to the phycobilins. The 
photosynthetic activity of red algae has been investi- 
gated by Blinks and his co-workers during the past few 
years by the use of modern techniques. 

The data published by Haxo and Blinks (8) are 
quoted here. A red alga, Schizymenia, and a green 
alga, Ulva, are compared as to their rates of oxygen 
evolution when illuminated with light of different wave 
lengths. The rates for both algae are arbitrarily fixed 
at 100 for red light (620-650 my) and given the ap- 
propriate relative values at the other wave lengths. 


485.8 mp 546 mp 620-650 mu 
(blue) (green) (red) 
Schizymenia (red alga) 48 to 53 288 to 340 100 
Ulva (green alga) 94 46 100 


The green alga has its least activity where the red 
alga has its greatest activity; and the green alga has its 
greatest activity in the spectral regions where chloro- 
phyll absorbs the most, whereas, the red alga has its 
greatest activity where the phycobilin, phycoerythrin, 
absorbs the most. Various red algae differ somewhat in 
the wave lengths at which they show maxima of photo- 
synthetic activity. This may possibly be accounted 
for by variation in the spectral absorption of the dif- 
ferent algae caused by the various phycobilins they 
contain. The results demonstrate that in such or- 
ganisms as Schizymenia the light absorbed by pigments 
other than chlorophyll is more effective than light ab- 
sorbed by chlorophyll. 

Manning and Strain (9) have reported the presence of 
chlorophyll d in many red algae. This pigment ab- 
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sorbs further to the red than chlorophyll a—chlorophy]| 
d maximum 696 my, chlorophyll a maximum 665 mz 
in methyl alcohol. The effectiveness of this pigment 
in photosynthesis has not been determined. 

Certain bacteria carry on another type of photo- 
synthesis—carbon dioxide is taken up but no oxygen is 
evolved when the organisms are illuminated. The 
hydrogen donors are substances other than water. 
Among these bacteria is the purple bacterium, Spirillum 
rubrum. French (10) has measured the action curve of 
this organism for the assimilation of carbon dioxide 
with butyrate as hydrogen donor and compared it with 
the absorption spectrum of the organism. In Figure 
5A these two spectra are shown. It is clear that the 
two do not coincide throughout. Where the caro- 
tenoids absorb most, there is a great diminution of 
photoassimilation. There is a coincidence at about 600 
my of an absorption band of the green pigment, bacterio- 
chlorophyll, and a maximum in the action curve (Fig- 
ure 5C) which supports the supposition that bacterio- 
chlorophyll is responsible for the absorption of light 
active in the photoassimilation. This coincidence is 
evident in both the living cells and the methanol ex- 
tract of the cells. From these measurements, French 
has concluded that the yellow pigments are inactive. 
The absorption spectra of the live cells and of the pig- 
ment extracts from S. rubrum differ to an extraordinary 
degree (Figure 5B). 

Another means for determining the relationship of 
pigments to photosynthetic activity is to follow the 
genesis of photosynthetic activity simultaneously with 
the formation of pigments. Seedlings which are ger- 
minated in the dark produce leaves which contain no 
chlorophyll and have little or no photosynthetic ac- 
tivity. When such leaves are placed in the light they 
form chlorophyll and develop photosynthetic activity. 
Is this activity conditioned by the amount of chloro- 
phyll which is formed? 
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Figure §. Relation of Photosynthesis to Spectral Absorption Proper- 
ties in Spirillum rubrum 


(A) Comparison of the spectral absorption of living cells with the ‘‘ac- 
tive” absorption. 

(B) Comparison of the spectral absorption of the living cells and of a 
methanol extract of the cells. 

(C) The “active” absorption compared with the spectral absorption of 
the methanol extract of cells (French (10)). 
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Fs FORMATION OF CHLOROPHYLL AND DEVELOP- 
ys MENT OF PHOTOSYNTHETIC CAPACITY 
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Figure 6. The Development of Photosynthetic Capacity in Etiolated 
Leaves During Greening 





RATE OF CARBON DIOXIDE UPTAKE 








Conditions used: 25°C., five per cent COz, and 48,000 Lux. Ordinate: 
grams of COs assimilated per hour by 10 g. of fresh leaves. Abscissa: 
milligrams of chlorophyll in 10 g. of fresh leaves (Willstétter and Stoll 


(11)). 


Willstatter and Stoll (11) investigated this question 
and found there was a correlation between the amount 
of chlorophyll and the rate of photosynthesis but that 
there was no direct proportionality (cf. Figure 6). On 
the basis of chlorophyll present, the leaves appeared to 
be much more photosynthetically active at lower chloro- 
phyll content than at higher chlorophyll content. It 
seemed logical to examine whether there was propor- 
tionality between the amount of light absorbed by 
chlorophyll and the rate of carbon dioxide uptake. 
These data have been analyzed with this in mind. 
In Figure 7, the photosynthetic rates at various stages 
of greening are plotted against a function, 1 — e-*°, 
where K is a constant, C is the chlorophyll content of the 
leaves, and e the base of the natural system of loga- 
rithms. This function is proportional to the light ab- 
sorbed by chlorophyll. As the plot shows, the rate of 
photosynthesis is directly proportional to this function. 
This result strongly suggests that the contribution of 
chlorophyll to the development of photosynthetic ca- 
pacity is through the ability of chlorophyll to absorb 
light. Whether other factors develop concurrently is 
still open to question. 

When chloroplasts, isolated from leaves, are sus- 
pended in a proper oxidizing medium and illuminated, 
the oxidizing substance is reduced and oxygen is evolved 
from the suspension (1/2). This phenomenon is known 
as the Hill reaction. French and his collaborators (13) 
have used the rate of transformation of the colored 
oxidized form of a dye (oxidizing agent) to the reduced 
colorless form (reduction product) to measure the ac- 
tivity of various preparations of chloroplasts in the Hill 
reaction. The Hill reaction has been assumed to repre- 
sent that part of the photosynthetic process concerned 
with oxygen evolution. Therefore, this reaction offers 
opportunity for comparing the development of the oxy- 
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gen-evolving system in chloroplasts during the greening 
of etiolated leaves with the chlorophyll content of the 
isolated chloroplastic material. 

For this purpose, chloroplast material was isolated 
from etiolated barley leaves which had been greened 
for various periods and the activity of this material in 
the modified Hill reaction measured (14). The ac- 
tivity was compared with the content of chlorophyll in 
the isolated chloroplastic material. The results (Fig- 
ure 8) show that the activity of the chloroplastic ma- 
terial increases along with the chlorophyll content of 
this material. Thus it is seen that the photosynthetic 
ability of leaves and the power to evolve oxygen by 
isolated chloroplasts increase with the content of chloro- 
phyll produced during greening. 

Thus far in the discussion it has seemed that photo- 
synthesis is conditioned by the ability of the plant to 
absorb light by its pigments. This is one factor, but 
there are other necessary factors. Plants are known 
which contain chlorophyll yet are unable to carry on 
photosynthesis. One example is a mutant strain of 
Chlorella which Davis (15) recently obtained. This Chlo- 
rella mutant has as much chlorophyll as normal organ- 
isms, but fails to photosynthesize when illuminated. 

The facts cited have demonstrated that the presence of 
pigments is a necessary but not a sufficient condition for 
photosynthesis. 
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Figure 7. A Correlation of the Photosynthetic Rate with a Function 
Corresponding to the Light Absorbed by Chlorophyll in Etiolated 
Leaves Which Have Been Brought to Different Degrees of Greenness 





Ordinate: grams of COs: assimilated per hour by 10 g. of fresh leaves. 
Abscissa: a function of the chlorophyll content of the leaves (C), where K is 
a constant and ¢ is the base of the natural system of logarithms. 
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And now let us examine what is the function of the 
photosynthetic pigments. Until recent years it was 
thought that one function of chlorophyll in photosyn- 
thesis was to combine with carbon dioxide. Through 
the action of light the carbon dioxide was reduced to 
organic carbon, perhaps formaldehyde, and oxygen 
was liberated simultaneously as molecular oxygen. 
There are many modifications of this theory, but in 
essence the mechanism is based upon the chlorophyll- 
carbonic acid complex (1/6). This hypothesis was 
supported to some extent by the fact that certain leaves 
absorb considerable amounts of carbon dioxide in excess 
of that soluble in the water they contain. Further- 
more, experiments of Willstatter and Stoll demon- 
strated that, colloidal suspensions of chlorophyll ab- 
sorb carbon dioxide (17). Although some magnesium 
was split from the pigments to form magnesium bi- 
carbonate an excess of carbon dioxide was absorbed by 
the colloidal system. Subsequently, I examined the 
uptake of carbon dioxide by various plant tissues (18). 
The results showed that the carbon dioxide uptake by 
leaves could be correlated with the formation of alkaline 
earth bicarbonates and was not conditioned by the 
presence of chlorophyll. Furthermore, the excess 
absorption of carbon dioxide by colloidal chlorophyll 
suspensions is due to the solubility of carbon dioxide in 
the insoluble pigment phase. Thus the experimental 
basis on which the hypothesis of a chlorophyll-carbonic 
acid complex was formulated could be explained in other 
ways. 

The discovery by Wood and Werkman (19) that 
carbon dioxide entered into organic combinations 
through metabolic processes of nonpigmented organ- 
isms and without influence of light, a reaction amply 
verified by subsequent experiments (20), demonstrated 
that it was no longer necessary to assume that assimila- 
tion of carbon dioxide was unique to the photosynthetic 
process. In addition to this, Brown and Franck (2/) 
have shown that isolated chloroplasts, when illuminated 
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Figure 8. A Comparison of the Relative Activity in the Modified 
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in the presence of labeled carbon dioxide, evolve oxygen 
but do not fix significant amounts of labeled carbon. 
Holt and French (22) have demonstrated that the oxy- 
gen evolved by the illumination of isolated chloroplasts 
comes from the water in which the chloroplasts are 
suspended. A correlation of these facts makes it 
highly probable that the pigments have little to do with 
the uptake and transformation of CO, but rather are 
concerned primarily with the liberation of oxygen. 
The facts imply that the function of the pigment is to 
absorb and supply the energy necessary for the splitting 
of water. 

By what mechanism do the pigments act? There 
appear to be two possible ways in which the pigments 
may participate in photosynthesis. One way is by 
absorption of radiant energy and physical transfer of 
this energy to the chemical system, carbon dioxide, 
and water, possible through the mediation of enzymes. 
This energy is no doubt used for the sole purpose of 
splitting water, as experiments with isotopic oxygen 
have suggested (23). The other way is through actual 
chemical participation of the pigments in the oxidation- 
reduction reactions involved (ef. 24). 

At the present time, the physical transfer of energy is 
the favored scheme. According to this scheme the 
energy absorbed by the pigments is applied to the 
splitting of water by transfer through an enzyme or 
carrier system. This entails no permanent alteration 
of the pigment. Several phenomena bespeak this type 
of participation: the march of fluorescence on illumina- 
tion of green plants (25); the effect of photosynthesis 
poisons on fluorescence of living green cells (25); the 
possible interpretation of quantum yield measurements 
at different wave lengths (6); and the phenomenon of 
induced fluorescence in living organisms (26). This 
last-named phenomenon has such an important bearing 
on the mechanism of energy transfer that I shall de- 
scribe it. ; 

Dutton, Manning, and Duggar (26) examined the 
chlorophyll fluorescence of the diatom WNitzschia 
closterium and the green alga Chlorella pyrenoidosa 
when excited by light of different wave lengths: 6000, 
5780, 4700, and 4358 A. In the living organism the 
yield of chlorophyll fluorescence was the same regardless 
of what wave length was used for excitation. This was 
true even at 4700 A. where the carotenoids absorbed a 
large portion of the exciting light. In true solution, 
however, the chlorophyll fluorescence yield was pro- 
portional to the exciting light absorbed by the chloro- 
phyll—the light absorbed by the carotenoids being in- 
effective. Thus there is evidence that in the living 
organism there is a mechanism for the transfer of ab- 
sorbed energy from one component of the system to 
another. Whether this energy can be transferred for 
photosynthetic purposes may be questioned because of 
the low quantum yield at 4700 A., a fact most readily 
explained by the absorption of the carotenoids. 

And now let us examine the possible evidence relating 
to the chemical functioning of the pigments. Probably 
the chief argument against the chemical participation of 
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Figure 9. The Relation of the Quantity of Chloro- 
phyll Formed in Barley Seedling 





Illuminated for two hours at low temperatures to the 
quantity of photochlorophyll initially present in the etio- 
lated leaves. Temperatures: O 0°C.; @ 4.5°C.; ®@ 
below 6 or 7°C. (ice bath) (Smith ($7)). 


the pigments in the photosynthetic reaction is the fact 
that no significant and consistent changes in the 
amounts or ratios of the pigments have been detected 
in photosynthesizing organisms. True, in some in- 
stances, the amount of pigment has been found to vary 
between day and night and in light and shade conditions 
(cf. 27, 28, 36), but this variation has not been cor- 
related quantitatively with the photosynthesis. The 
lack of observable change in the amounts of pigments 
during photosynthesis may be due to steady-state ef- 
fects established between the rates of formation of the 
pigments and their disappearance (27). Experiments 
on the formation of chlorophyll have given evidence 
for the extreme reactivity of the pigments of the chloro- 
phyll system in the living leaf and point to a balance 
between the formation and disappearance of chloro- 
phyll. 

In leaves grown in the dark there is present a small 
quantity of a pigment called protochlorophyll. When 
the leaf is illuminated with light of moderate intensity, 
this pigment is transformed to chlorophyll and the 
amount of chlorophyll a formed is directly proportional 
to the amount of protochlorophyll which was initially 
present in the leaves (31), as is shown in Figure 9. 
Whatever protochlorophyll is transformed goes to 
chlorophyll. The rate is extremely rapid—about 50 
per cent being transformed within a minute’s illumina- 
tion of moderate intensity. At room temperature, 
when the plant is again placed in the dark, more pro- 
tochlorophyll is produced and again on illumination 
more chlorophyllis formed. By carrying outthis process 
over a period of several hours—five minutes in the light 
and 55 minutes in the dark—the chlorophyll content of 
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the leaf is increased. If the plants are illuminated at 
low temperature, the protochlorophyll is transformed 
quantitatively to chlorophyll but no additional chloro- 
phyll is accumulated. When the plants are returned 
to darkness no more protochlorophyll is produced. 
This can account for the lack of accumulation of chloro- 
phyll at low temperatures. 

The limited quantity of chlorophyll formed in etio- 
lated leaves by illumination at low temperatures is de- 
stroyed by continued illumination. At higher tempera- 
tures, however, there is an accumulation of chlorophyll. 
It seems reasonable to assume, therefore, that under 
some intermediate condition the rates of formation and 
destruction would balance and a steady state would 
prevail. 

Protochlorophyll is formed by temperature-de- 
pendent metabolic processes. It is transformed to 
chlorophyll by photochemical action. This biosyn- 
thesis of chlorophyll parallels, in some respects, the 
photosynthetic process with its combination of thermo- 
chemical and photochemical reactions and hints at a 
relationship between the two processes. 

On the basis of structural formulas accepted at the 
present time for protochlorophyll (32) and for chloro- 
phyll (33), the transformation of protochlorophyll to 
chlorophyll is a reduction. It is suggestive that this 
transformation so closely allied to the photosynthetic 
process is itself a reduction. Since normal leaves 
gathered from the field in direct sunlight contain pro- 
tochlorophyll, as has been shown by Koski (34), it is 
possible that the transformation of protochlorophyll to 
chlorophyll may be involved in the normal process of 
photosynthesis. This we are investigating at the pres- 
ent time. 

In certain schemes of photosynthesis it has been as- 
sumed that chlorophylls a and b are members of a cycle 
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Figure 10. The Relation of Chlorophyll 6 to Chlorophyll a 


Concurrent formation of chlorophylls a and 6 in etiolated barley seedlings 
under continuous and intermittent illumination and at different tempera- 
tures. The numbers adjacent to the lines designate their slopes. Note: 
Fluorescent illumination was used. No correction was made for possible , 
change in light intensity with temperature. 
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by which the carbon dioxide is reduced and oxygen is 
evolved (29). The observations of Fan, Stauffer, and 
Umbreit (30) that aldehydes liberate oxygen when 
illuminated in the presence of Chlorella cells made this 
scheme doubly attractive inasmuch as chlorophyll b is 
an aldehyde. But the kinetics of the formation of 
chlorophylls a and 6 make the assumption highly 
improbable. In Figure 10 is shown the relation between 
the two chlorophylls during greening. It is clear that 
after an induction period in which only chlorophyll a is 
formed the two chlorophylls are produced in direct 
proportion to each other, and this proportion is about 
the same as that finally reached when chlorophyll stops 
accumulating. This proportionality is roughly the 
same in continuous and in intermittent illumination 
and, so far as we know, at different temperatures. 
This suggests that chlorophyll 6 does not come from 
chlorophyll a by either a photochemical or a thermo- 
chemical action. If chlorophyll 6 came from chloro- 
phyll a by a photochemical action, then the curve would 
swing upward. If chlorophyll b came from chlorophyll 
a by a thermochemical action, then relatively more 
chlorophyll 6 should be produced in intermittent illu- 
mination than in continuous illumination. Neither is 
the case. The relationship does suggest that both are 
formed from a common precursor by some sort of dis- 
proportionation reaction rather than that one is formed 
from the other. 

From this review, it is obvious that different plants 
contain different pigments which are active in photo- 
synthesis—chlorophylls a and b, bacteriochlorophyll, 
phycobilins, and perhaps carotenoids. The phycobilins 
when present in photosynthetic organisms appear to 
equal or even surpass the chlorophylls in their contribu- 
tion to the photosynthetic process. In general the 
carotenoids seem to have little if any activity so far as 
the absorption of light utilizable for photosynthesis is 
concerned. The function of the pigments appears to 
be related to oxygen liberation rather than to carbon 
dioxide absorption. The presence of the pigments is a 
necessary but not a sufficient condition for carrying on 
photosynthesis. It is still uncertain how the pigments 
act in photosynthesis—whether by physical means 
through the absorption and transfer of energy to the 
chemical system through the mediation of enzymes, 
whether by direct chemical participation in the reaction, 
or whether by both. 
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THE PATH OF CARBON IN 
PHOTOSYNTHESIS, VI’ 


HISTORICAL BACKGROUND 


The problem of photosynthesis is an old one. Ever 
since its recognition in about 1840 chemists have been 
concerned with an attempt to understand it. Perhaps 
it would be wise to give you some general idea of its 
fundamental character and importance. All life on 
earth as we know it stems from or Jepends upon this 
process which is the conversion of carbon dioxide and 
water into organic materials through the agency of light 
by certain specialized green organisms. 

As early as 1850 it was recognized that the over-all 
process was just this—the conversion of carbon dioxide 
and water into reduced carbon, that is, the substance of 
the living organism, and oxygen. And so we know for 
certain, and have known for a long time, that the basic 
character of the process is 

Light 

CO, + HO n> 

Reduced carbon carbohydrates, etc.) + O2 (1) 
We have also known that ordinary animal respiration is 
very nearly the reverse of this process, supplying the 
energy to keep us warm, do mental and physical labor, 
etc. These, then, are the fundamental life processes: 
photosynthesis and its reverse, respiration. 

In the mid-nineteenth century some of the well- 


known names of organic chemistry were associated with - 


attempts to understand what this process was, and 
names like Liebig and Baeyer are quite closely con- 
nected with the early guesses as to what the nature of 
the process might be. Then, toward the end of the 
nineteenth century, the organic chemists, as well as 
physical chemists, became more concerned with syn- 
thetic processes and with simple physical processes and 
left the field of photosynthesis alone for quite a long 
time. There were, of course, the names of Willstatter 
and Stoll who determined what was in the plant, but 
not how it worked. They did make some suggestions 
as to how it worked, but most of their activities were 
concerned with the determination of the nature of the 
compounds that one finds in plants.’ Of course, the 
name of Warburg is very closely associated with theories 
of the process of photosynthesis. 

All of this progress was persistently hindered by the 
nature of the process itself. It was as though chemists 
were trying to discover what was going on in a sealed 
box by examining only what went in and what came 
out. They were trying to deduce the various things 
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that might be happening inside this closed area which 
they could not see and had no way of examining, by 
looking only at the factors which determined the rate 
at which carbon dioxide would go in and oxygen come 
out, the effect upon it of light intensity, wave length, 
etc. They were examining the outside of the process 
and not the inside. 

There was no way of looking on the inside until in 
1939 Ruben and Kamen used the isotope of carbon 
called carbon 11. The isotope provided a method of 
putting a mark on the atom. Such a mark would re- 
main with it no matter what happened to the atom. 
No matter what transformations it underwent, no mat- 
ter what complicated processes it might be engaged in 
and how it might be converted, that label remained. 
It was now possible to follow this carbon atom through 
the various and devious routes that it took in the plant 
on the way from carbon dioxide to sugar and other plant 
materials. It was as though the scientists had been 
given an eye which could look into the plant cells and 
which could see the actual processes taking place. 

The first such experiments were done with the labeled 
carbon atom, carbon 11, which was made in the Ber- 
keley cyclotron by Kamen. These men worked under 
very great difficulties. The amount of the label that 
was present in the carbon was reduced by one-half 
every twenty minutes. This meant that the longest 
experiment they could do would be four or five hours. 

Shortly after the discovery of carbon 11, Ruben and 
Kamen discovered another isotope of carbon, carbon 14. 
This isotope has a half-life of about five thousand years, 
so we have ample time to do any experiments. Un- 
fortunately, however, carbon 14 could not be made in 
large quantities on the cyclotran in the prewar days. 
It could only be made in very small amounts, and for 
this reason the early experiments of Ruben were done 
mostly with carbon 11 which could be made in fairly 
high intensity on the cyclotrons. 

After the development of the nuclear piles during the 
war, carbon 14 became available in large quantities 
made either at Hanford or at Oak Ridge, and now at the 
end of the war in 1945 we undertook to resume the work 
of Ruben which was interrupted by the war and by his 
death in 1944. In January, 1946, the work was re- 
sumed? using the now much more available carbon 14 
with its half-life of five thousand years. The experi- 
mental time was now no longer a factor in the experi- 
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ments designed to discover the complex process by which 
carbon dioxide is converted in the plant from its initial 
state into its final state through the agency of light. 


DARK FIXATION OF PHOTOSYNTHESIS 


It was clear that the simplest kind of an experiment 
would be to feed a plant in the light some carbon dioxide 
with a label on it and give it only a very short time for 


(CBz0)g % 
q 
1 a 














Figure 1. The Process of Photosynthesis 
photosynthesis. By examining the compounds present 
in the plant after exposures of various durations, it 
should be possible, by reducing the period of exposure, 
to eventually find only one compound formed with the 
labeled carbon. The beginning of the process would 
thus be known and by then lengthening the period of 
exposure, under careful control it should be possible to 
follow the labeled carbon atom into each succeeding 
compound. It would thus be possible to understand 
the entire process of conversion within the plant cell. 
In an effort to reduce the time of exposure to a mini- 
mum in order to obtain the very first compound we 
finally cut the light time down to zero; that is, we gave 
the carbon dioxide not while the light was still on, but 
immediately after the light was turned off. This in- 
volved the following conception of the nature of the 
reaction: namely, that the absorption of carbon dioxide 
is not directly connected with the act of light absorp- 
tion, that the two are separate acts and that light ab- 
sorption can create something in the plant which can 
pick up the carbon dioxide after the light is turned off. 
This was not a new idea. It was proposed by a num- 
ber of investigators including Dr. C. B. Van Niel of 
Pacific Grove. The idea which Van Niel suggested was 
based not upon the study of green plants alone but on a 
comparison of the biochemistry of various colored 
organisms, bacteria, algae, etc. Through arstudy of the 
comparative biochemistry of these organisms he postu- 
lated that the process of light absorption was concerned 
only with the splitting of the water molecule and the 
removal of the hydrogen from the oxygen, and that this 
hydrogen was in some form which could then later re- 
duce the carbon dioxide molecule. Also, this active 
hydrogen could be produced in a number of ways other 
than through the agency of light, as in the sulfur bac- 
teria, blue-green algae, etc. The thing that was unique 
about green plant photosynthesis was the production of 
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this reducing hydrogen by the absorption of light by 
chlorophyll and the splitting of water. This was pro- 
posed by Van Niel as early as 1936 and has been reiter- 
ated by him several times, and I will describe some of 
our evidence which leads us to the same opinion, albeit 
in more detail, by bringing it to an experimental defini- 
tion much closer than that of Van Niel’s comparative 
biochemistry of algae and sulfur bacteria. 

Figure 1 represents the over-all process of photosyn- 
thesis as it appears now. Carbon dioxide reacts with 
water through the agency of light to produce reduced 
carbon and oxygen. The primary energy conversion 
results in the photolysis of water, producing oxygen 
from the water, the hydrogen passing through a series 
of hydrogen transfer systems.of some sort and then re- 
ducing the carbon dioxide to sugars, fats, carbohydrates, 
etc. That the oxygen comes from the water rather 
than carbon dioxide was shown by the experiments of 
Ruben with oxygen 18. He fed the plant water con- 
taining the labeled oxygen and noted that the oxygen 
as it evolved had the isotopic composition of the water 
rather than that of the carbon dioxide. This means, 
of course, that the oxygen of the carbon dioxide must 
pass through the water stage before it is evolved as 
gaseous oxygen. This was one question answered by 
the isotope technique. 

Another question is answered by the recent experi- 
ments of Hill and Scarisbrick in England, in which for 
the first time the green cell has been broken down into 
a smaller fragment which can reproduce, at least in 
part, the photosynthetic process. By grinding up 
green leaves to destroy the cells one can extract small 
green fragments which are called chloroplasts, or chloro- 
plast fragments which are sometimes called grana, 
which contain the green pigment and which will evolve 
oxygen when they are illuminated in the presence of a 
proper oxidizing agent other than carbon dioxide, such 
as quinone or ferricyanide. This process has exactly 
the same characteristics as the evolution of oxygen in 
photosynthesis. 
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Figure 2. ‘‘The Farm’’—Apparatus for C 
Algae 
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lt appears that some of Van Niel’s suggestions are 
being established experimentally from several points of 
view—the isotopic one presented here and the fact that 
it is possible to isolate the oxygen-producing reaction 
and tie it to the primary photochemical act in some 
way. 

a experiments have been designed to begin the 
determination of the path of carbon in photosynthesis 
and to determine the relationship between the carbon 
path and the completely independent act of light ab- 
sorption. In order to do this one would have to demon- 
strate that carbon can pass up from one to the other of 
the compounds in the left-hand vertical line in Figure 1 
in total darkness, but that the rate at which it passes 
from one end to the other and the amount which passes 
will depend upon the immediate prehistory of the plant. 
If the passage from the bottom to the top depends upon 
a reducing agent made in the light by splitting water, 
then it is clear that if one were to illuminate the plant 
for a period of time (as yet unknown) in the absence of 
carbon dioxide (so that the reducing hydrogen which is 
split from the water has nowhere to go), and then give 


the plant carbon dioxide immediately after turning off - 


the lights, the reducing agent which has been generated 
could carry the carbon dioxide at least part way along 
the path and perhaps the whole way. 

The first experiments were done to test this idea. 
The plant material which we used for the early experi- 
ments were the green algae Chlorella and Scenedesmus. 
The reason for this is twofold. First of all, a great deal 
of photosynthetic research had been done with these 
algae, Chlorella and Scenedesmus, their kinetics have 
been studied, quantum yields have been determined, 
etc. Secondly, being chemists, we liked to have some- 
thing quantitative to work with, and one can make up 
a quantitative suspension of algae and treat it, within 
limits, like an ordinary chemical. 

In order to get the algae we had to set up‘a liftle 
“farm” to grow them. The continuous culture appa- 
ratus is shown in Figure 2. We can harvest the algae 
every day, taking out nine-tenths and leaving one- 
tenth behind as an inoculum in the inorganic nutrient 
solution. Having harvested the algae. from this 
“farm,” they are now ready for the experiment. The 
algae are centrifuged out of the nutrient bath, washed 
once, and resuspended in a suitable buffer for the per- 
formance of the experiments. The flask into which the 
suspension is placed is shown in Figure 3 and the com- 
plete apparatus is shown in Figure 4. Pure helium is 
bubbled through the algal suspension in the upper flask 
to sweep out the carbon dioxide of the air. The lights 
are turned on to illuminate the algae for varying or 
selected periods of time in the absence of carbon diox- 
ide. An aliquot part of the algae is taken in the evacu- 
ated sampling tube, and the sample then flows down 
into the partially evacuated blackened vessel which 
contains a known amount of radioactive carbon dioxide. 
The whole transfer operation can be done in less than a 
second, the turning of two stopcocks being all that is 
necessary (Figure 4). The radioactive carbon dioxide 









Figure 3. Exposure Vessel and Sampling Tube for Preillumination 
Experiments 


is in the form of sodium bicarbonate at a small partial 
pressure of carbon dioxide, there being no other gas in 
the blackened flask. The black vessel with the radio- 
active carbon dioxide and the algae in it is shaken for 
various periods. After a chosen period of time acid is 
injected to kill the algae. An aliquot of the resulting 
suspension is counted to see how much radiocarbon the 
algae have picked up. 








Figure 4. Complete Preillumination Apparat 
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10 
MINUTES 
RATE OF DARK FIXATION (SCENEDESMUS) 
Figure 5. Dark Fixation of Radioactive CO:z by Algae 
(A) Dark fixation by non-preilluminated algae. 


(B) Dark fixation by algae which have been preilluminated 10 minutes 
in the absence of CO:. 


Figure 5 shows how much carbon dioxide is fixed as a 
function of the time the flask is shaken in the dark after 
the algae have been put into the vessel containing radio- 
active carbon dioxide. Curve B is the one which is 
obtained when the algae have been illuminated for ten 
minutes in the absence of carbon dioxide prior to giving 
the algae the radioactive carbon dioxide. For Curve A 
the algae were saturated in the dark with ordinary car- 
bon dioxide and swept with He for 10 minutes just 
prior to giving them the radioactive carbon dioxide. 
The effect of preillumination is there in great measure. 
If the algae are illuminated in the absence of carbon 
dioxide and then, in the dark, given the radioactive car- 
bon dioxide they do indeed reduce—that is, fix—a great 
deal more carbon dioxide than they do under reverse 
conditions. 

The question arises as to how long the cells must be 
illuminated in the absence of carbon dioxide in order to 
get this reducing power generated. It is obvious that 
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EFFECT OF PRE-ILLUMINATION UPON | MINUTE DARK FIXATION (SCENEDESMUS) 
Figure 6. The Growth and Decay of Dark Fixing Power 
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there is a limited amount of reducing power generated 
(Figure 6) and that it is almost completely used up by 
a one-minute exposure to carbon dioxide in the dark. 
A second experiment was done to discover how long the 
illumination had to be in order to generate this reducing 
power. It was determined by simply measuring one- 
minute dark fixations after different lengths of time of 
preillumination. The result is shown in Figure 6 
which has for abcissa the time in the light prior to drop- 
ping the cells for one minute into the darkened flask 
containing the radioactive carbon dioxide. It is appar- 
ent that the reducing power reaches 90 per cent of satu- 
ration in about twenty seconds. The decay of. the 
reducing power after turning the light off in the upper 
vessel requires about ten minutes. It may be used up 
by respiratory intermediates or respiratory carbon di- 
oxide. 

If this reducing power is the same as that which func- 
tions in ordinary photosynthesis, then as long as the 
reducing power is there in large amount the rate of 
absorption of carbon dioxide by the reducing power 
should be the same as though the light were on. Thus, 


ONE MINUTE DARK FIXATION BY SCENEDESMUS 
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Figure 7. The Dependence of Dark Fixation on CO: Pressure 





(A) Non-preilluminated algae. 
(B)  Preilluminated algae. 


the dependence of the rate of dark fixation by pre- 
illuminated algae on the partial pressure of carbon diox- 
ide should reflect the dependence of carbon dioxide 
absorption in ordinary photosynthesis on the partial 
pressure of carbon dioxide. 

Figure 7 shows just this variation of dark fixation rate 
(one minute) as a function of carbon dioxide pressure 
both for un-preilluminated cells and preilluminated 
cells. Curve B shows the rate of carbon dioxide fixa- 
tion as a function of carbon dioxide pressure for pre- 
illuminated algae and corresponds to the dependence of 
ordinary photosynthesis on carbon dioxide pressure. 
The rate of dark fixation of carbon dioxide by the un- 
preilluminated cells (Curve A) is very small and shows 
very little dependence on carbon dioxide pressure. 
From the kinetic point of view, at least, we have demon- 
strated that the dark fixation after preillumination re- 
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sembles very closely the 
steady-state photosynthetic 
picture as it is affected by 
carbon dioxide pressure. 

You will notice that all 
of these measurements are 
measurements of the total 
amount of carbon dioxide 
fixed by the plant. No in- 
formation has yet been given 
as to what has happened to. —— 
thecarbondioxide. Figure 8 és 
will give an idea of what is 
to be found. The relative 
area and density of the spots 
is a. rough measure of the 
relative amounts of those 
compounds which have been 
formed under the specified conditions. The com- 
pounds found in fixation in the dark by preilluminated 
algae (Figure 8b) were very different from those formed 
by fixation in the dark by algae which were not pre- 
illuminated (Figure 8a) and, in fact, these compounds 
formed by the preilluminated algae were exactly the 
same as those formed by the algae in the light (Figure 
8c). The complete separation of carbon dioxide reduc- 
tion from the primary photochemical act has thus been 
established both kinetically and chemically. 

We can now return to the study of the order of ap- 
pearance of the compounds in time and the method of 
analysis represented in Figure 8. 

In Figure 9 is shown the apparatus in which the algae 
are exposed to radioactive carbon for the chemical isola- 
tion experiments. There is a “lollipop” in which the 
algae are suspended with light sources on either side 
separated from the “lollipop” by infrared filters to 
absorb the heat. The algae are allowed to photosyn- 
thesize for a short period of time (one-half to one hour) 
in the presence of 4 per cent ordinary carbon dioxide in 
air which comes into the tube at the top of the algae 
flask. After the algae have achieved a steady state of 
photosynthesis in the normal carbon dioxide, radioac- 
tive carbon dioxide in the form of an aqueous solution 
of sodium bicarbonate is injected into the flask after the 
removal of the bubbling tube. The flask is then stop- 
pered and shaken in the light beam for the prescribed 
period of time (five seconds, thirty seconds, ninety 
seconds, five minutes, etc., as the case may be), at the 
end of which time the large stopcock at the bottom is 
opened and the algae suspension is forced into hot alco- 
hol as rapidly as possible to stop the reaction. For the 
higher plants (leaves) we have a similar flask in which, 
instead of a stopcock at the bottom, the whole front 
face comes off and the leaves drop out into the alcohol 
at the given instant. 

Now, after having exposed the plant to the radiocar- 
bon for the desired length of time and having stopped 
the activity by immersing it in hot 80 per cent alcohol 
and cooling it as fast as is reasonable, we have a suspen- 
sion and a solution; that is, there are denatured pro- 


Figure 8. Radiograms of Dark Fixation Products 


(a) Forty-five minutes of dark fixation by COs-saturated algae. 
(6) Two minutes dark fixation by algae preilluminated 5 minutes in the absence of COs. 
(c) The products of 30 seconds photosynthesis in radioactive CO:. 


teins and insoluble cellulose suspended in the alcohol 
which has extracted from the plant all the soluble ma- 
terials. For very short periods of photosynthesis (less 
than periods of the order of ninety seconds) most of the 
carbon which has been fixed in that short period of 
time—namely most of the radioactive carbon—is still in 
the soluble fraction and will be found in the clear super- 
natant solution or filtrate from the alcohol extract. 

All subsequent operations are on this alcohol extract 
frem which has been filtered the insoluble denatured 
proteins and cellulose-like materials. 


METHODS OF SEPARATION AND ANALYSIS 


When this work was started in the summer of 1946 
we began by using classical methods of analysis, that is, 
we made extracts, crystallized, distilled, and used the 
usual methods of separation and identification which 
were common among organic chemists. We siarted out 
this way, and, as a matter of fact, worked for about a 
year and at the end of that year we had identified one 
compound. This was very slow progress. Since we 
knew that there were many compounds in the plant, 
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“Lollipop” Apparatus for the Exposure of Algae to Radio- 


Figure 9. 
carbon in the Light Followed by Rapid Killing 
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and since we had not accounted for anything like all the 
radioactivity, it seemed a good idea to seek other analy- 
tical methods. 

Ion Exchange. About this time we began the work 
with the ion-exchange resins. They have, of course, 
proved their usefulness in inorganic chemistry and are 
only beginning to show how useful they may be in 
organic separations. It is possible to use the ion- 
exchange resins to separate the organic materials into 
cations, or potential cations, and into anions, or poten- 
tial anions, and into neutral substances. Such a frac- 
tionation is, indeed, of value when dealing with a very 
complex mixture. It did give us a great many leads and 
a great deal of information. 

Using ion-exchange resins we were able, for example, 
to recognize the presence of sugars because these passed 
through both the cation exchanger and the anion ex- 
changer. We were able to determine about how much 
was potentially cationic. There are not a great many 
organic substances which are potentially cationic except 
the amine bases. There are a few other organic cations, 
like oxonium ion, but most of them are amine bases of 
one sort or another. We were able to find that there 
was a group of compounds which contained radioac- 
tivity from these short periods of photosynthesis which 
were retained on the cation resin and which, as a matter 
of fact, were later shown to be amino acids. A very 
large fraction of the material was retained on the anion 
resin. This could be a wide variety of compounds, in- 


cluding carboxylic acids and esters of inorganic acids 
such as sulfuric and phosphoric acids. 

The use of ion-exchange resins did help a great deal, 
and in the following year up until the spring of 1948 we 
were able to identify unequivocally two or three more 


compounds. However, we still had not accounted for 
the major fraction of the fixed radioactivity in one 
minute of photosynthesis. It appeared that other 
methods still more rapid would have to be found. 
Paper Chromatography and Radioautography. It was 
at this time that we undertook to use the method of 
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Figure 10. Placing the Sample on the Paper for Chromatographing 
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paper chromatography developed by a number of Brit- 
ish biochemists. It was developed for the purpose of 
analyzing amino-acid mixtures and protein hydroly- 
sates. It depends upon a rather old principle which had 
been known for a long time. The principle is readily 
demonstrated by a drop of ink on a piece of filter paper; 
if it is a good big drop you will notice that it spreads 
out from where the drop hit the paper, and if it is the 
right kind of ink it will eventually appear as three con- 
centric rings around the middle spot and the three 
rings will be of different colors. Our particular ink 
gives a red ring, a green ring, and a blue one, which, 
when mixed together, will give a black ink. The point 
is that the three different components of the ink move 
at different rates and actually achieve separation. 

If this is done in a quantitative way, it is apparent 
how it might be used for identification purposes. The 
three British chemists, Consden, Martin, and Synge, 
worked with the method for the separation of amino 
acids, and one of the reasons that they had such great 
success is that they had an almost universal method of 
detecting the amino acids on the filter paper. 

The easiest way to show how the method can be used 
in the quantitative way is to describe the way it is done. 
To prepare the extract (from which the insoluble ma- 
terials have been separated) for analysis it is concen- 
trated to a small volume, of the order of 2t03ml. The 
analysis is performed by placing a small aliquot part of 
this 2 to 3 ml. of solution—perhaps 50 or 100 micro- 
liters—on the corner of a large piece of filter paper 
(Whatman No. 1, 17 inches by 24 inches) as shown in 
Figure 10. The sample is squeezed out of the pipet 
into the circle, and there is a fan blowing on it to evapor- 
ate the solvent and leave the compounds in the circle. 
Next the paper is removed from the frame and hung up 
in a box as shown in Figure 11. This shows the top 
view of a box with four papers. There are two or three 
frames in each box which contain troughs. The fold 
in the paper is laid down in the bottom of the trough 
and a glass rod is placed on top of the fold to hold the 
paper down in the trough. The paper lies over the 
edge and hangs down into the bottom of the box. After 
the papers are placed, a solvent, chosen for a specific 
purpose, is poured into the trough. It passes up 
through the paper by capillarity and down to the edge 
of the paper (Figure 12). 

As the solvent runs down toward the bottom of the 
paper, the compounds that were put on the spot are 
spread out in a line. The compounds do not all move 
at the same rate; they have different relative solubili- 
ties in the organic solvent and therefore different rates 
of progress. Thus, we shall have spread along one edge 
of the paper a series of spots, each one representing a 
different compound or group of compounds. It may be 
that two compounds have very nearly the same relative 
solubilities in a particular solvent, in which case they 
move together. In that case, it is possible to achieve 
separation of those compounds by taking the paper out 
of the box and drying off this particular solvent, turning 
the paper around so that we now have instead of a 
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Figure 1l. Top View of Chromatographing Chamber Containing Two 
Trays Holding Two Papers Each 


single spot a whole row of spots spread along the top of 
the paper and a different solvent is placed in the trough. 
Those compounds which failed to separate in the first 
solvent will have an opportunity to separate in the 
second solvent. 

The result of this will be, then, a pattern of spots each 
of whose coordinates with respect to the origin will be 
characteristic for that particular compound in the same 
way that a melting point, index of refraction, specific 
rotation or any other property of an organic substance 
is characteristic of it. The extraction coefficient, upon 
which the chromatographic coordinates depend, is par- 
ticularly useful since it can be easily determined on 
tracer amounts of material. In other words, from the 
coordinates of the compound (spot) with respect to its 
origin and the solvents used, one can say, in many cases 
unequivocally, what the compound is and in other cases 
specify within certain limits a group of compounds it 
might be. 

In order to do this, however, it is quite obvious that 
one must have a method of locating the compound on 
the paper. This is essential; without it the method of 
paper chromatography is of no use. A number of 
methods have been ‘used, and one of the major reasons 
for the success of paper chromatography for the separa- 
tion of amino acids is that there exists an almost univer- 
sal reagent for amino acid identification, namely triketo- 
hydrindene hydrate (ninhydrin). When ninhydrin in 
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alcohol solution is sprayed on the paper and the paper is 
placed in a warm air current, a purple color develops 
wherever there isan aminoacid. By use of this method 
one can locate almost all the amino acids on the paper. 

Another method that has been used, with some degree 
of success, is fluorescence. When the paper is thor- 
oughly dried and it is good clean paper to start with, one 
can sometimes distinguish compounds by the fluores- 
cent areas they produce on the paper by holding the 
paper in an ultraviolet light beam. 

There have been a few other reagents that have been 
used with some success in locating specialized com- 
pounds. For example, a reducing sugar can be located 
with a couple of reagents. Naphtharesorcinol locates 
the keto-sugars, fructose and sucrose, very nicely since 
they form red spots. The molybdenum blue test can 
be used for certain forms of phosphate; ammonium 
molybdate is sprayed on the paper followed by the addi- 
tion of a buffer solution which will give a blue color for 
inorganic phosphate. Very easily hydrolyzable organic 
phosphate will also show up because the molybdate is 
sprayed on in a nitric acid solution which hydrolyzes 
the phosphate to form inorganic phosphate. We have 
used all of these methods, but none of them is universal 
for all compounds. 

However, we do have a method in our particular case 
which is universal for all compounds, particularly the 
ones we wanted to find. We are looking for those com- 
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Figure 12. Side View of Ch 
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(a) 
Figure 13. Method of Identification of Radioactive Amino Acids 
(a) The paper showing ninhydrin spots corresponding to those amino 


acids present. 
(b) Film obtained from paper of (a) showing radioactive compounds. 


pounds which contain the radioactive carbon. They 
may be found by laying the filter paper down on a table 
and going over it with a Geiger counter to determine 
where the radioactivity is on the paper. As a matter of 
fact, we do this very often, but the resolving power of 
this procedure per unit time is very small. It would 
take a long time to define all of the areas which are radio- 
active on the paper by this procedure. 

Fortunately, there is another easy way.of doing this 
all in one operation, and that is simply to lay an X-ray 
film on the filter paper, press it down flat to make good 
contact with the chromatogram, and let it expose for a 
period of time depending upon the amount of radio- 
activity that is on the chromatogram. Then, the X-ray 
film is removed and developed. Everywhere there is a 
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Figure 14. Radiogram Showing 
Position Taken by Phosphorus- 


Containing Compounds 
, 


radioactive compound on the chromatogram there will 
be a dark spot on the film. Figure 13 shows such a re- 
sult. 

Figure 13a shows the paper chromatogram itself after 
it has been sprayed with ninhydrin to locate the amino 
acids which are present in this particular extract. Be- 
fore spraying this paper we laid on an X-ray film for a 
couple of days and took the X-ray film off and developed 
it, resulting in Figure 13b. Here you will notice 15 or 
20 black spots corresponding to radioactive areas on the 
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paper. After the paper is sprayed the exposed X-ray 
film is laid down on the paper. The perfect corre- 
spondence between a radioactive spot on the film and 
the ninhydrin spot of alanine on the paper is evident. 
A similar correspondence is to be noted for aspartic 
acid, serine, and glycine. Note also the absence of any 
radioactivity corresponding to the rather large ninhy- 
drin spot for glutamic acid. é 

You will notice that there are many spots on this film 
in areas which do not correspond to amino acids. Our 
major problem is the identification of these spots, es- 
pecially the group near the origin which contains such 
large amounts of radioactivity. As was mentioned 
earlier there are spot tests for a few other compounds. 
Using the naphtharesorcinol test for sucrose together 
with separate chromatograms of genuine sucrose it was 
relatively easy to demonstrate that one of these un- 
knowns corresponded to sucrose. 

The spots near the origin, however, were not so easy 
to identify. The very fact that these spots are down 
near the origin tells us something very definite about the 
properties of these molecules. Whatever these sub- 
stances are, they are extremely water soluble and very 
insoluble in organic solvents. 
otherwise, they would have been found farther from the 
origin on the paper. The lipids, for example, or any- 
thing that has a very large solubility in organic solvents, 
will move a long way on the chromatogram. 

We had indications from the ion-exchange work and 
from the extraction properties that there were sugar 
phosphate and various phosphate esters present. In 
order to find out where on the paper one would find 
these phosphate esters we did a rather obvious _experi- 
ment. We allowed the algae to photosynthesize in 
radioactive phosphorus (phosphorus 32) for a period of 
time and made a radiogram of these extracts which 
would thus shown only the phosphorus compounds. 
Figure 14 is a radiogram (radioautograph of a paper 
chromatogram) made of an extract of Scenedesmus algae 
which had been photosynthesizing for one hour in radio- 
phosphorus; the black spots were made by radiation 
from phosphorus and not from carbon and each of these 
spots corresponds to a phosphorus compound of some 
sort. Thus, it is evident that most of the phosphorus 
compounds are where we expected them to be. 

In order to be more specific a number of known phos- 
phate esters were prepared radioactive by a yeast fer- 
mentation in radiophosphorus. We isolated the fruc- 
tose-diphosphate, ‘fructose-6-phosphate, and phospho- 
glyceric acid and made a one-dimensional chromato- 
gram in the butanol direction of the mixture. This 
radiogram is shown in Figure 15 beside one from algae 
photosynthesizing in CO. This correspondence all 
by itself is no proof of the identity of the photosynthe- 
sized compounds. 

This can be confirmed in a number of ways. Perhaps 
the best way is to cut out a spot, elute it and mix it with 
a little of a known substance. Then run a chromato- 
gram on the mixture in two directions and see if there is 
any separation between the carbon radioactivity on the 
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one hand and the phosphorus radioactivity on the other. 
It is very easy to tell the difference between the two 
radioactivities. The radiation from carbon 14 does not 
penetrate through the X-ray film, whereas the radiation 
from phosphorus 82 is a much stronger beta-ray and 
goes right through the X-ray film. Since the X-ray 
film has emulsion on both sides, one can tell which one 
is carbon as it exposes only one side of the film while the 
phosphorus exposes both sides of the film. This sort of 
thing has been done to demonstrate the presence of 
fructose-diphosphate, glucose-l-phosphate, and fruc- 
tose-6-phosphate. Both glucose-1-phosphate and fruc- 
tose-6-phosphate come in the area marked HMP; they 
do not separate very well. The presence of G-1-P 
(glucose-1-phosphate) in the photosynthesis experiment 
has been further demonstrated by the appearance of 
free glucose after ten minutes hydrolysis in 0.1 N hydro- 
chloric acid. Mixed chromatograms have also been 
made for phosphoglyceric acid. 





(a) 
Figure 15. Comparison of Known Phosphates with Compounds 


Formed in Photosynthesis 


(a) Two-dimensional radiography showing products formed from CuO. 
(b) One-dimensional chromatogram of radioactive phosphate prepared 
by yeast fermentation. 


We have thus identified about fifteen compounds as 
having been formed in ninety seconds of photosynthesis 
and these contain over 90 per cent of the carbon fixed in 
that time. However, this information by itself allows 
very little to be said about their sequence of formation. 
There are still many compounds even in as short a 
period as thirty seconds (Figure 16). Not until the 
time of photosynthesis is reduced to five seconds do we 
have only four or five compounds formed (Figure 17). 
Most of the radioactivity fixed in five seconds is in the 
two lowest spots. It would appear, then, that these 
are the first compounds into which radiocarbon is incor- 
porated by the green plant. Their position corresponds 
with that which we already had evidence was the phos- 
phoglyceric acid area, thus indicating that in five 
seconds the material constituting 65 per cent of the 
total fixed radioactivity is phosphoglyceric acid. 

Carrier-free Isolation of Phosphoglyceric Acid. It 
seemed wise at this stage to make at least one point of 
contact with the classical methods of identification— 
that is, a direct isolation and determination of proper- 
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Figure 16. Compounds Formed in 
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ties of the type to which most chemists are accustomed. 
It should be mentioned that if the spot on the right 
(Figure 17) is heated in 0.1 N hydrochloric acid for one 
to one and one-half hours it becomes the spot on the 
left. Thus, they are related, and our suggestion was 
that the one on the right was 2-phosphoglyceric acid 
and the other was 3-phosphoglyceric acid. 

Furthermore, if the temperature of the algae is low- 
ered to about 4° when they are given radioactive carbon 
dioxide for about ten seconds, one gets a single spot 
which is the one labeled 2-phosphoglyceric acid. We 
thus have, tentatively, the following scheme represent- 
ms the first steps in the path of carbon in photosyn- 
thesis. 


CO, 
? ——— CH:,—CH—CO0.H ———> CH.——-CH—CO.H (2) 


H OPO;H: OPO;H: OH 
2-Phosphoglyceric 3-Phosphoglyceric 
Acid Acid 


It was obvious that we had now established the con- 
ditions for preparing from the plant a single compound 
or, at most, a pair of compounds which would represent 
the earliest products of incorporation of carbon dioxide 
into the plant. Although we had the evidence already 
mentioned—that these two products were 2-phospho- 
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glyceric acid and 3-phosphoglyceric acid—we thought it 
desirable to go about their identification by the more 
usual methods of isolation. 

We prepared 25 ml. of packed algae which had been 
exposed to radiocarbon in the light for five seconds 
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corresponding to Figure 17. We proceeded to isolate 
that radioactivity on the assumption, partly at least, 
that it was phosphoglyceric acid. I will outline very 
briefly what that procedure was. An extract of the 
algae was made using a mixture of concentrated hydro- 
chloric acid and glacial acetic acid. If the product were 
phosphoglyceric acid, the acetic acid-hydrochloric acid 
mixture would not hurt it in any way because the phos- 
phoglyceric acids are very stable compounds. One of 
the reasons for killing the algae with hydrochloric and 
acetic acids was to get rid of as much of the protein and 
cellulose as possible in the early stage and not to include 
the lipid material and pigment, which occurred if we 
killed them in alcohol. We thus obtained a perfectly 
clear, colorless solution containing all the radioactivity. 
This extract of the 25 ml. of cells was taken almost to 
dryness to get rid of the hydrochloric and acetic acids, 
and then taken up again in 8 to 10 ml. of water. Al- 
though most of the acid was gone it was still an acidic 
solution. The pH was adjusted to 7 by adding 1 N 
alkali. There was a very heavy flocculent precipitate 
(histone-like material) which carried with it most of the 
radioactivity at pH 7. If the pH is raised to 9 the 
radioactivity redissolved in the supernate. This was 
interpreted to mean that the precipitated material 
forms a salt with the phosphoglyceric acid which carries 
it out of solution at pH 7, the phosphoglycerate ions 
being displaced into the solution at pH 9. 


This gelatinous histone-like material was centrifuged 


out and we had a clear supernate containing nearly all 
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Figure 18. Elution Curve of 3-Phosphoglyceric Acid 
(Neuberg) 


From (6 X 80 mm.) column of Dowex A-1 resin in the 
chloride form. Eluant is 0.2 N sodium chloride (neutral). 
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of the radioactivity. The solution is brought back to 
an acid condition, about pH 1, and barium chloride js 
added to take out some acid-insoluble barium salt. 
Here, again, a great deal of the radioactivity comes out 
with the barium salt. It was washed thoroughly with 
warm dilute hydrochloric acid to wash the activity 
back into solution out of the precipitate. The precipi- 
tate does not dissolve but the radioactivity does come 
out when washed with warm dilute hydrochloric acid. 
The supernate, together with the washings, is then made 
alkaline to get a trace of an alkali-insoluble barium salt. 
At this point the volume is great enough to retain the 
small amount of barium phosphoglycerate. The solu- 
tion is now made up to 50 per cent alcohol and the radio- 
activity comes out in a barium salt. The barium salt 
is redissolved in 0.05 N acid and made up to 50 per cent 
alcohol to reprecipitate it, and this operation is repeated 
half a dozen times. As the operation is repeated the 
precipitate begins to appear crystalline. Finally, we 
recovered 10 mg. of the salt. which contained one-third 
of the initial radioactivity. The last four supernates 
from these crystallizations contained another 35 per 
cent of the radioactivity, making a total of 65 to 70 per 
cent of the radioactivity in this white crystalline ma- 
terial which had 8.6 per cent phosphorus compared to 
8.7 per cent for barium phosphoglycerate. It had a 
molar rotation in molybdate solution of —650 + 100°, 
the reported rotation for 3-phosphoglyceric acid being 
—720°. The rotation of the pure solution is measured 
and then ammonium molybdate is added. The molyb- 
date greatly enhances the rotation and this has been 
described by Meyerhof as almost specific for 3-phospho- 
glyceric acid. A sample of this isolated phosphogly- 
ceric acid was chromatographed and it appeared in the 
proper position. © 

A final characterization of this material was made as 
follows. We obtained from Professor Carl Neuberg a 
sample of 100 mg. of the barium salt of what he said 
was pure 3-phosphoglyceric acid. We adsorbed it ona 
column of strong base anion resin in the chloride form 
and eluted that genuine sample of 3-phosphoglyceric 
acid with 0.2 N sodium chloride. The elution curve is 
shown in Figure 18. It is evident that it was not quite 
pure 3-phosphoglyceric acid; there was a little easily 
eluted phosphorus, but a very small amount. Most of 
the phosphorus came out in a single band at an eluate 
volume of 6.2 ml. This constituted the calibration of 
this particular column. Five milligrams of our isolated 
material was added to an equal amount of Neuberg’s 
phosphoglyceric acid to make a total of 10 mg. This 
mixture is adsorbed on the identical column and the 
same elution with 0.2 N sodium chloride is performed 
with the results shown in Figure 19. The solid points 
represent the total phosphorus coming out per unit vol- 
ume of eluate. Note that in addition to the trace of 
impurity added with Neuberg’s salt there is only a 
single peak representing the bulk of both salts. The 
open circles represent the radioactive carbon counts 
per unit volume of solution coming through, and you see 
that the radioactivity coincides exactly with the 3-phos- 
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Figure 19. Elution Curve of Equal Mixture of Un- 
known with Authentic Barium 3-Phosphoglycerate 


Conditions identical with those of Figure 18: solid points, 
phosphorus elution, open circles, radioactivity elution. 


phoglyceric acid curve. Thus, not only is there a 
single peak for the mixture but the radioactivity coin- 
cides with it. This, taken with the paper chromato- 
grams, the optical rotation, the extraction coefficient, 
and derivative formation is about as complete a com- 


parison between two compounds—one authentic and | 


one unknown—as heed be made to determine identity 
without doing an absolute structure determination. 

Thus, we have evidence that the first compound to 
appear in the fixation of carbon dioxide by the green 
plant is phosphoglyceric acid. The same kind of de- 
termination, but not nearly as complete, has been 
adduced for all of the other compounds. Many of them 
we had to synthesize directly with radioactive carbon in 
order to determine their position and make mixed radio- 
grams with the suspected compounds. The next two 
figures (Figures 20 and 21) will show some of the other 
chromatographing that has been done using barley and 
geranium leaves. 

We were beginning to get some clues to the order of 
appearance of compounds in the process of photosyn- 
thesis. Figure 20 is one showing 60-second photosyn- 
thesis for geranium leaves. This is an interesting one 
as it shows the effect of solvent. The one on the left 
was done with the solvents used for most of the other 
chromatograms and the phosphate groups did not sepa- 
rate well. The one on the right is the same extract de- 
veloped with a different solvent in a vertical direction. 
The solvent had a little more water in it which made the 
phosphate areas spread out more; the hexose-diphos- 
phate has separated from the hexose-monophosphate 
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which, in turn, has separated from the phosphoglyceric 
acid. The hexose-monophosphate area actually con- 
sists of three spots. Different solvents should be used 
for different areas or different types of compounds. 

Now that we have identified some twenty compounds 
in the process of photosynthesis and we have shown 
which are the first two or three of them, we can make 
some guesses as to what the order of appearance was. 
There is another set of data which can be obtained 
which is even more crucial and critical in defining the 
path of carbon in photosynthesis, and that is not only 
the determination of which compounds contain the 
radioactive carbon atoms but also which atoms in the 
compounds are the radioactive ones. 


DISTRIBUTION OF RADIOACTIVITY WITHIN 
THE COMPOUNDS 

In order to do this we will have to devise degradative 
methods for several of the various compounds that are 
shown in the radiograms which will give us one carbon 
atom at a time, specifically. 
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Figure 21. Compounds Formed by 
Barley Lead in 60 Seconds 
Degradation of Succinie Acid. The Curtius degrada- 
tion of succinic acid has been modified to give good 
yields on small amounts. Methyl succinate, prepared 
using diazomethane, is converted to the diazide through 
the dihydrazide. Rearrangement of the diazide in 
ethanol gives ethylenediurethan which was hydrolyzed 
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Figure 20. Compounds Formed by Geranium Leaf in 60 Seconds 


(a) Vertical direction was run in the usual solvent (butanol-propionic 


acid-water) 
(b) Vertical direction was run in butanol-acetic acid-water 
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1 2 2 
2CO, + HBrNH.—CH.—CH:—NH:HBr aa C.H;OH (3) 


to give carbon dioxide from the carboxyl groups and 
ethylenediamine from the methylene groups of the 


original succinic acid. 


The carbon dioxide from the carboxy] groups is counted 


3 ninhydrin 1 
CH: —Cu—Co,H os 


NH: 


| MES 
CH;CO.H 


3 2 
co, + CH,CHO— 


(H*] [20 


as barium carbonate and the methylene carbons are 
counted as ethylenediamine dihydrochloride. 

Degradation of Alanine. Alanine has been degraded 
by either of the following methods: 


2,4-dinitrophenylhydrazine 
>hydrazone 





| NaOI 
___§__> CHI, + HCO.H 
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CO, 
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2 3 3 
BaCO; ———) CH;—C—CH; 
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Degradation of Hexose. There are chemical methods 
of degrading the hexoses that have been used, but the 
one used here is somewhat easier. The hexose is fer- 
mented by Lactobacillus casei and it can be shown, and 
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has been shown by chemical degradation of the methyi 
glucoside, that the lactic acid which is formed from the 
glucose by L. casez represents the carbon atoms in the 
following way: 


O 
Bat* 
Co. —_—_— BaCoO; + BaCoO, 
3 4 


+ 


Cro, 7 
ms 


distill 
ey 


[act 


oCH, 


Batt 
2orsd ? 
BaCO; 


1 2 
\ 450-500" CH,COO- 
eed ATE Batt 
CH;COO- 
6 6 
CH,” 20r6é 
6 


aes CO, —> BaCO3 “bh BaCO; 
1 6 


Ht 


Underlined compounds are those upon which measurements were made. 
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Independent chemical degradations carried out by 
Wood at Western Reserve University showed that the 
radioactivity was the same in each of these pairs, that 
is, the three- and four-, two- and five- and one- and six- 
carbon atoms. 

Degradation of Malic Acid. Malic acid and aspartic 
acid have been oxidized with chromic acid to yield two 
molecules of carbon dioxide from the carboxyl groups 
and one molecule of acetic acid from the alpha- and 
beta-carbon atoms. 


é 8 2 1 CrOQ; 
HOOC—CH.—CHOH—COOH ———~> 


1 3 2 
CO, + é0, + CH;—COOH (6) 


These constitute about all the degradations that we 
have done up to this time, but it was possible with just 
this much inforniation to be able to deduce the neces- 
sary attributes of the path of carbon in photosynthesis. 

The Argument. The first thing we discovered was 
that the six-carbon sugar achieved its radioactivity in a 
very definite pattern. The first carbon atoms that be- 
come radioactive, shown in a 30-second photosynthesis, 
are the three- and the four-carbon atoms. As the 
photosynthesis proceeds for a few more minutes, the 
two and five acquire radioactivity and finally after a 
longer period (of the order of five minutes) we can see 
radioactivity in the one and six positions. This is a 
most important sequence of events, and I might say 
that this result has also been observed by Wood at 
Western Reserve University and Burr at the University 
of Hawaii. In the succinic acid, first the carboxyl 
groups become radioactive and then the methylene 
groups. The same holds for malic acid, and presuma- 
bly since the malic acid consists of four different carbon 
atoms we should find four different orders of radioac- 
tivity. However, we did not degrade the malic acid in 
such a way as to determine this; all we did was to break 
it down into the two carboxy] groups and the two center 
atoms and exactly this pattern appeared, first on the end 
and then in the middle. The alanine is, perhaps, one 
of the most interesting compounds. It shows a radio- 
activity pattern as follows: first the carboxyl group, 
then the alpha-carbon atom and finally the beta-carbon 
atom appear radioactive. , 

These, then, are the actual facts as we have them at 
this time. What can we deduce from them? Remem- 
ber that we have found two-, three- and four-carbon 
fragments prior to the sugar. We do not see five- or 
six-carbon acids. The first compound we see is 2-phos- 
phoglyceric acid, which is very closely related to the 
three-carbon alanine and it will, in all probability, have 
very nearly the distribution that the alanine has. The 
link between them is certainly through the phospho- 
pyruvic acid, which is already evident in the 5-second 
experiment, and a rapid reductive equilibrium. Further- 
more, we have degraded the aspartic acid and it 
has almost exactly the same distribution as the malic 
acid. ‘ 

Keeping in mind the distribution of radioactivity in 
the hexose and in the three-carbon compounds and not- 


—H,0 
CH,—CH——C0,H ————»> CH;=C———_CO,H 
H OPO,H: PO,H: 


ketonization 


+ HO and 


[NHs3] 
CH;—CH—C0O.H unspecified CH;—C—C0O.H 
—_—— | 
NH, 2 [H] (7) 


ing that most of the radioactivity fixed in a short time 
(thirty seconds) is found in the hexose-monophosphates, 
hexose-diphosphate, triose phosphate, and phospho- 
glyceric acids, it seems fairly certain that the six-carbon 
skeleton is formed by a combination of two,three-carbon 
compounds. Since the only compounds involved are 
those of the accepted glycolytic sequence, the obvious 
conclusion is that the hexose is formed by a simple 
reversal of this sequence. 
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(8) 


’ A confirmation of this suggested sequence was found in 


the fact that the sucrose formed in 30-second photo- 
synthesis is made up of fructose having at least twice the 
specific activity of the glucose. After longer periods of 
photosynthesis (> 90 seconds) the glucose and fructose 
moieties of sucrose have equal specific activities. Since 
all of the intermediates are originally present unlabeled 
in the plant, the fructose derivative which is labeled 
before the glucose part will at first find only unlabeled 
glucose compounds with which to combine, thus pro- 
ducing initially the unsymmetrical sucrose. It is of 
interest to note here that the sucrose appears radioac- 
tive without the appearance of free radioactive glucose 
or fructose, indicating that it is formed not from free 
hexose but from some hexose derivatives, probably 
phosphates. It is thus quite easy to see how the dis- 
tribution of the radioactivity in the hexose is achieved 
by the combination of two properly labeled triose phos- 
phates formed from the 3-phosphoglyceric acid, a re- 
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versal in sequence of the well-known glycolytic or 
respiratory reactions. 

The problem now is to construct the three-carbon 
compounds in such a way that the carboxy] carbon will 
be the first one that is radioactive, followed by the 
alpha-carbon atom and finally the beta-carbon atom. 
Remember that the very first thing we see is 2-phos- 
phoglyceric acid, and the question is thus directed to 
this compound. If the first compound one sees is a 
three-carbon fragment and if one of the reactants is 
carbon dioxide—a one-carbon fragment—it seems only 
reasonable and, as a matter of fact, hardly possible 
otherwise that the other reactant must be a two-carbon 
fragment, either free or only very loosely attached to 
something larger. Now, what is this two-carbon frag- 
ment and how is it formed? Furthermore, not only 
must it be formed but it must get there continuously, 
i. €., it must be continuously regenerated from other 
early intermediates. In addition, the two-carbon 
atoms must not be equivalent. The one to which the 
carbon dioxide is to be attached must acquire radioac- 
tivity before the other one does. 

Although we have not as yet unequivocally estab- 
lished the precise structure of this two-carbon carbon 
dioxide acceptor, there are two arguments which are 
very suggestive that it might well be vinyl phosphate. 
The first of these is the structure of the first observable 
carbon dioxide fixation product itself, 2-phosphogly- 
ceric acid, viewed in the light of the generally simple 
nature of the individual reaction steps of any biological 
synthesis. Its fynthesis from vinyl phosphate and car- 
bon dioxide can be formulated simply as follows: 


H O H O 
| Vip | | 
+ Ct —O- 


CH=C ncnily Cg el aitidini 


| ' | 
OPO;H, o- OPO;Hz 


OH- | | (H20) 


CH:—CH—CO,- CH,—CH—C0.H 


| | 
OH bpo, \ H OPO,H: 
(9) 





The second is an experimental observation that extracts 
of organisms which have been photosynthesizing for one 
minute or more contain an originally nonvolatile com- 
pound, which after ten minutes hydrolysis in 1 N hydro- 
chloric acid at 80°C. liberates radioactive acetaldehyde. 
It is difficult to visualize many things which would be- 
have in this manner other than a nonvolatile vinyl ester, 
presumably of phosphoric acid. Since this accords so 
well with the other compounds so far identified in the 
scheme, we are tentatively calling it vinyl phosphate 
until further experiment confirms or denies it. 

Recall that the only compounds that we have seen 
other than the sugars are the two-, three- and four-car- 
bon fragments, and that the very first product is a 
three-carbon fragment which is formed by the.addition 
of carbon dioxide to a two-carbon fragment. The next 
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things we see are two four-carbon compounds, malic 
and aspartic acids, which are very closely related to 
oxaloacetic acid. The latter compound, too unstable 
to appear in the paper chromatograms, is readily formed 
through carbon dioxide fixation by pyruvic acid (or 
simple derivative), the well-known Wood-Werkman 
reaction. 


CO, + CH,COCO;H - HO,C—CH,—COCO,H 
Pyruvie Acid Oxaloacetic, Acid 


2[H] | 


H,OC—CH:—CHOH—CO.H er eee 


NH, 
Aspartic Acid 





2[H] 
[NHs3] 


Malic Acid 
(10) 


Since no larger carbon skeleton is found, it seems alto- 
gether reasonable and, in fact, impossible otherwise 
that a four-carbon compound must be split to a two- 
carbon fragment ultimately to regenerate the two-car- 
bon dioxide acceptor. 

Since oxaloacetic acid would be the first four-carbon 
compound to be formed, it now remains for us to dis- 
cover by what route this is converted to vinyl phos- 
phate. In our early work with Chlorella, we had seen, 
in addition to malic and aspartic acids, small amounts 
of radioactive fumaric and succinic acids, but had not 
identified any radioactive two-carbon compounds on 
the chromatograms. This led to the supposition that 
the two-carbon compounds were volatile or easily de- 
composed to give volatile substances such as acetate 
and acetyl phosphate as well as acetaldehyde and vinyl 
phosphate. Since a direct relationship between acetate 
and succinate has been suggested in the literature many 
times, especially in connection with yeast fermentation, 
we plan to useit as the splitting reaction to regenerate 
the two-carbon compounds, thus completing the cycle. 
An examination of this cycle shows how the distribution 
of radioactivity among the carbon atoms comes about 
in accordance with the experimental facts. These 
compounds are all nonradioactive and the cycle is oper- 
ating at the instant of the injection of radioactive car- 
bon dioxide. The first reaction in which it takes part is 
the carboxylation of vinyl phosphate to form 2-PGA 
(2-phosphoglyceric acid), thus leading to the group of 
three-carbon compounds labeled in the carboxyl group. 
The carboxyl-Jabeled 3-PGA formed from it goes on 
through the glycolytic sequence to produce 3,4-labeled 
hexose. Simultaneously with this carboxylation, an- 
other one takes place in a different part of the cycle, 
possibly at a different rate, to form oxaloacetic acid 
from pyruvic acid (Wood-Werkman reaction). The 
oxaloacetic acid thus formed is Jabeled in the y-carbon 
group. This, then, passes on through malic acid to 
fumaric acid, which being symmetrical is labeled in the 
carboxyl groups, as is the succinic acid formed from it. 
By a reductive splitting of the succinic acid between the 
methylene groups two molecules of acetate would be 
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formed, labeled in the carboxyl group. This, in the 
form of acetyl phosphate, is then reduced and dehy- 
drated to form vinyl phosphate labeled in the one carbon 
atom and the cycle is ready te start over again. Car- 
boxylation of this vinyl phosphate now produces 2- 
PGA labeled in both the one and two carbon atoms. 
But it is important to note that the specific activities of 
these two carbon atoms are as yet very unequal. The 
radioactivity in the two carbon atoms has been very 
much diluted by passing through the reservoir of non- 
radioactive intermediates which were present to start 
with, while the newly formed carboxy] group approaches 
in specific activity that of the carbon dioxide from which 
it has just been formed. Some of this phosphoglyceric 
acid, with a high specific activity in the carboxyl group 
and a lower specific activity in the alpha-carbon atom, 
can then go on to produce a hexose carbon skeleton 
having a high specific activity in the three and four 
carbon atoms and a lower specific activity in the two 
and five carbon atoms. Some of it will go to form the 
other three-carbon compounds, serine, alanine, and 
phosphopyruvic acid, having high specific activity in the 
carboxyl group and lower specific activity in the alpha- 
carbon atom. The pyruvic acid so formed is again 
carboxylated and passes on to form succinic acid labeled 
in the methylene groups as well as in the carboxyl 
groups, but, of course, with the lower specific activity 
in the methylene groups. It is thus apparent that as 
the cycle runs, the three-carbon compounds will be- 
come labeled in the order one, two, and three with the 
two-, four- and six-carbon skeletons acquiring radioac- 
tivity in-a corresponding fashion. This cycle was first 
proposed about two years ago and can still account for 
all the presently existing degradation data. 

However, as the range of organisms was extended we 
found less and less of succinic and fumaric acids tintil in 
some cases we found alanine labeled in the alpha and 
beta positions and no radioactive succinic and fumaric 
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acids at all. This raised some doubts as to whether this 
was the only cycle, if it were the cycle at all, by which 
the plant was operating. Furthermore, especially in 
the case of barley leaves, very little radioactive malic 
acid was found but radioactive glycolic acid and glycine 
appeared. While these facts in no way relieved the 
requirements for the fundamental sequence 


+CO, +COz 


C: —> ©; ———> C, ———> 2 (12) 





it did suggest that our selection of succinic acid as the 
four-carbon compound to be split might not be the most 
important path, if indeed it took place at all. 

The appearance of two-carbon fragments which are 
in a higher oxidation level than acetic acid, namely 
glycolic acid and glycine which are at the same oxida- 
tion level, and glycine presumably representing the 
presence of glyoxylic acid, suggested that the splitting 
took place on a four-carbon compound more oxidized 


‘than succinic acid. This is not an unwelcome change, 


since the direct reductive splitting of succinic acid to 
acetic acid does not all fit into the présently known pat- 
tern of chemical reactions. 

There are a number of ways in which the split might 
occur without going through malic, succinic, and fu- 
maric acids. For example, oxaloacetic acid may be 
hydrolyzed directly to produce one molecule of glycolic 
acid and one molecule of glyoxylic acid. This would 
account for the presence of glycolic acid and glycine. 
Although we yet have not identified a glyoxylic acid, 
the presence of glycine seems very good evidence for 
glyoxylic acid. The glycolic and glyoxylic acids could 
go through the reduction cycle in the two-carbon state 
instead of in the four-carbon state, finally reaching 
vinyl phosphate. 

The advantage of this scheme is that it does not re- 
quire the presence of any new four-carbon intermediates 
which we have not yet found. The disadvantage is 
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twofold, namely that the type of hydrolysis suggested 
is the inverse of that shown in alkali splitting of beta- 
keto acids which for oxaloacetic acid would give oxalic 
acid and acetic acid; and the undesirability of forming 
two different compounds in the split which must ulti- 
mately feed back again to the same one, the two-carbon 
carbon dioxide acceptor. 

There is another somewhat more plausible scheme in- 
volving the preliminary oxidation of oxaloacetic acid to 
dioxymaleic acid which then splits to two molecules of 
glyoxylic acid by a reversal of a benzoin condensation. 
It is indicated by the following scheme in which no 
attempt has been made to specify the actual reacting 
species such as phosphate esters, etc. The dotted 
arrows indicate possible alternate paths. 
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Vinyl Phosphate 


A path such as this is perferred for the following rea- 
sons. First of all, the reactions are all simple hydra- 
tions or hydrogenations in accord with the presently 
known habit of biosynthetic reactions, and the forma- 
tion of carbon-carbon bonds by the benzoin type reac- 
tion is known in biochemistry. There are enzymes in 
various organisms and bacteria which, for example, can 
form acetoin from acetaldehyde which is the reverse of 
the one here suggested. 

This scheme suggests the presence of two more four- 
carbon compounds which we have not yet identified, 
tartaric acid and dioxymaleic acid. However, they 
may both be present as phosphates of some sort, or the 
dioxymaleic acid, if free, might be too unstable to be 
found on the paper. In either case, there are still a 
sufficient number of unidentified minor spots on the 
radiograms to allow for their presence. 

The second piece of evidence is in terms of dioxy- 
maleic and glyoxylic acids. There is a very labile 
enzyme system in fresh juices of green plants which will 
act on dioxymaleic and at least one of the products is 
glyoxylic acid. A more distantly related fact is the 
demonstrated conversion, in both animal and bacterial 
studies, of the methylene carbon atom of glycine into 
both carbon atoms of acetic acid. This could be 
achieved through the oxidative deamination of glycine 
to glyoxylic acid followed by the reversal of the above 
sequence to produce oxaloacetic acid in which the two 
central carbon atoms have originated from the methyl- 
ene carbon atoms of the glycine. The oxaloacetic acid 
is then decarboxylated to pyruvic which, in turn, is 
oxidatively decarboxylated to acetic acid. 
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Malonate Inhibition. There is a relatively simple way 
of determining whether or not the malic-fumaric- 
succinic acid sequence is part of the photosynthetic 
cycle. It is well known that malonate will inhibit the 
fumaric-succinic conversion, and we now know that it 
will block the oxaloacetic-malic conversion as well. If 
it could be determined whether or not the photosyn- 
thetic cycle were operating under conditions of malo- 
nate poisoning known to exist within the cells, an answer 
to the question would be forthcoming. ’ 

In unpublished work, a sample of algae (Scenedesmus) 
was suspended in a malonate buffer and then permitter 
to photosynthesize with radioactive carbon dioxide in 
the usual way for ninety seconds. The cell extract was 
chromatographed and compared with cells subjected to 
similar conditions but without melonate. 
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(c) Figure 22. Effect of Light on Respiration (d) 


(a) Control (6) Five minutes 
Thirty seconds of photosynthesis followed by 150 seconds in the 
light with He sweep (absence of CO.). (d) Thirty seconds of 
photosynthesis followed by 150 seconds in the dark with He sweep 
(absence of Cis). 
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‘The most pronounced effect is the almost complete 
absence of radioactive malic acid from the malonate- 
inhibited algae. The disappearance of malic acid can 
be taken as proof that the malonate had actually pene- 
trated the cell walls and was providing an effective 
inhibiting environment within the cells. -The other 
compounds, including sucrose, are all present as in the 
control. However, this fact by itself would not be 
proof that the complete cycle was still operative in the 
presence of malonate. It would be possible to get ra- 
dioactivity into all but the glycine and glycolic acid 
without the operation of the C, — Ce split. In that 
case, the radioactivity would be present only in car- 
boxyl groups of the three- and four-carbon compounds 
and the three- and four-carbon atoms of the hexose. 
The mere presence of radioactive glycine and glycolic 
acid is indicative of the C, — C2 split unless they are 
formed by some entirely independent route. The con- 
tinued operation of the cycle was finally demonstrated 
by degrading the alanine found in each of the two ex- 
periments. In both cases, about 35 to 40 per cent of 
the radioactivity in the alanine was in the alpha- and 
beta-carbon atoms, the remaining 60 to 65 per cent 
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helium to let it sweep out the radiocarbon so that we 
had only thirty seconds of photosynthesis, but we kept 
the light on to see what the effect was of having the 
light there without photosynthesis. In the lower right 
is shown the result of an experiment consisting of 30- 
second photosynthesis after which we switched to hel- 
ium but, at the same time, we turned the light off. The 
most outstanding difference between the two is that 
while the light is on there is practically no glutamic, 
citric, and/or isocitric acids formed. Even in five 
minutes (upper right) of photosynthesis there is very 
little glutamic or isocitric acid formed. In one hundred 
and fifty seconds in the dark, those products which had 
just been made by photosynthesis and were radioactive 
obviously immediately got into the Krebs cycle and 
were converted to glutamic, isocitric, and, presumably, 
ketoglutaric, aconitic, and other acids of the Krebs 
cycle. 

I would like to suggest the following interpretation. 
In order for the Krebs cycle to operate it is presumed 
that some sort of acetate is required to condense with 
oxaloacetate. This forms aconitic acid and the aconitic 
acid is hydrated to isocitric which is oxidized to oxal- 
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being in the carboxyl group. We, therefore, know that 
the C, — Cz split can and does take place from a four- 
carbon compound formed prior to malic acid. 

Effect of Light on Respiration. There is perhaps 
another observation which can be interpreted. It con- 
sists of the fact that the five-carbon and six-carbon 
acids are not formed in the light but are formed imme- 
diately after the light is turned off. This is shown in 
Figure 22. The upper left is an ordinary 30-second 
photosynthesis. The lower left is thirty seconds of 
photosynthesis in radiocarbon dioxide followed by one 
hundred and fifty seconds in the light with helium flow- 
ing through the suspension; that is, we have allowed the 
plant to photosynthesize for thirty seconds artd then, 
instead of turning off the light and killing them as we 
did for the radiogram above, we switched to a tank of 
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(14) 
succinic and so down to ketoglutaric acid, etc. | 
Now, if there is no radioactive acetate or its equivalent 
present the compounds of this sequence cannot acquire 
radioactivity. I believe that the reason, then, that the 
light prevents this from occurring is that the presence 
of a high intensity of light keeps the acetate concentra- 
tion at a minimum by keeping it all in the form of vinyl 
phosphate which presumably cannot enter the Krebs 
cycle. Quite apart from its interpretation, the phe- 
nomenon itself is most interesting because it indicates 
that not only does the light initiate a reduction process 
but it also inhibits certain oxidation processes or at 
least prevents the freshly formed photosynthate which 
is made, in this case in thirty seconds, from getting into 
the Krebs cycle and forming glutamic acid and isocitric 
acid. It is not unreasonable to suppose that this direct 
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+ These compounds (marked with a dagger) are as yet completely hypothetical and are inserted to complete the cycle. 
All unmarked compounds have been unequivocally identified except FDP, G-6-P. 


effect of light on the course of plant metabolic reactions 
in addition to over-all carbon dioxide assimilation may 
be directly connected with the phenomenon of photo- 
periodism. A more immediate effect would be an inhi- 
bition of respiration by light. This has indeed been 
observed in quite independent kinetic experiments and 
wil) require the revision of certain concepts which have 
depended upon allowing for respiration in the light by 
assuming that it is the same as i+ is in the dark. 

It now seems worth while to gather together in a sin- 
gie chart what we presently believe about the early fate 


of carbon dioxide in photosynthesis and examine it in 
general terms. 

This chart makes no attempt to define the actual re- 
acting species involved. All it purports to show is the 
path by which the carbon skeletons are constructed, 
2. e., what is happening, not how it happens. It re- 
mains for future work to isolate the enzyme systems and 
determine the details of the atomic migrations. That 
part enclosed in the square is the new proposal for the 
four-carbon cycle. This cycle provides a path (as did 
the earlier one, equation 11) for the conversion of two 
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molecules of carbon dioxide into one molecule at the 
oxidation level of acetaldehyde using 10 equivalents of 
reducing power. Some or all of this reducing power has 
its ultimate origin in the primary photochemical act and 
the splitting of water. We cannot as yet say which 
ones do, but there is an inclination to suppose that 
those reducing equivalents involved in the direct reduc- 
tion of the carboxyl groups—for example, in conver- 
sion of acetate to vinyl phosphate—are the most likely 
ones. 
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The four-carbon cycle thus provides the structural 
raw materials for the synthesis of the three major con- 
stituents of plants—fats, carbohydrates, and proteins. 
It is interesting to note that radioactivity appears in all 
three of these groups in as short a time as one hundred 
and twenty seconds of photosynthesis. 

Ultimately, as we lengthen the time of exposure we 
should be able to determine how the proteins and fats 
are built up and, incidentally, how the rarer compounds 
found in plants are constructed. 


THE CHEMISTRY OF FLOWER COLOR 
VARIATION 


Aw important goal in the study of the chemistry of 
plant constituents is the elucidation of the nature and 
sequence of the chemical reactions by means of which 
they are elaborated in the living cell. The experimental 
methods available for pursuing this objective with the 
higher plants have so far been less direct than those 
which it has been possible to use in studies, having simi- 
lar aims, involving the chemistry of photosynthesis (/) 
and the synthetic pathways in fungi (2) and bacteria. 
In most cases it has been possible to arrive at only pro- 
visional conclusions, most of which are not readily sus- 
ceptible to such direct experimental validation as can 
be obtained, for example, by supplying to the experi- 
mental organism those chemical compounds which it 
has been inferred are concerned in the synthetic process 
under scrutiny. 

A promising route to the solution of some of the 
problems lies in the systematic consideration of a closely 
interrelated group of plant constituents having a com- 
mon carbon skeleton. These are the flavonoid com- 
pounds, which may also be referred to as the Cs-C;-Cy 
group, having the following basic structure: 


¢ Y—c—c-—c~° S 


Ce Cz Ce 





Three representative modifications of this basic skeleton 
occur in nature: those in which the C; fragment of the 
structure exists in the open-chain form (chaleones, di- 
hydrochalcones); those in which the C; fragment is a 
part of a five-membered heterocyclic ring (benzaleou- 
maranones); and, by far the largest class, those in which 
the C; fragment is present in a six-membered hetero- 
cyclic ring (anthocyanidins, flavones, flavanones, flava- 
nonols, catechins). Representative examples of these 
classes are shown in the subsequent formulas. 
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The importance of substances of the C,.-C;-C, class 
to the problems of plant biosynthesis depends chiefly 
upon three factors. These are: (1) Ina given plant, or 
in a group of plants closely related genetically, there are 
usually found more than one flavonoid compound, and 
in many cases these are so constituted structurally that 
reasonable inferences can safely be drawn regarding 
their relationship to each other, or to some hypothetical 
precursor, in a synthetic sequence; (2) the chemistry 
of the flavonoid compounds has been well worked out, 
largely through the researches of Kostanecki, Perkin, 
Asahina, Willstaitter, Robinson, Seshadri, and others, 
thus making available methods for isolating, estimating, 
recognizing, and identifying the individual compounds; 
and (3) the occurrence and structure of many of them, in 
particular the anthocyanins, has been shown to be 
under genetic control and in many cases to be subject 
to the laws of classical Mendelian inheritance (3, 4). 

Largely as the result of the pioneer researches begun 
by Wheldale (5) and continued and carried forward at 
the John Innes Horticultural Institution (3), it has been 


demonstrated that specific genetic factors control the 
following: 


(a) The presence or absence of anthocyanin pigment. 
(6) The concentration of anthocyanin. 


(c) The degree of oxidation (hydroxylation) of the 


anthocyanidin nucleus. 


(d) The extent to which methylation of the antho- 


eyanin hydroxyl groups occurs. 
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(e) The presence or absence of co-pigments (which 
are anthoxanthin! pigments, in some cases 
flavonoid in type). 

(f) The pH of the cell sap. 

(g) The number and position of the sugar residues 
attached to the anthocyanin. 


It must be emphasized that in no case can the par- 
ticular reaction controlled by the gene be explicitly writ- 
ten, as has been possible with such conspicuous success 
in the case of studies on Neurospora. For instance, if 
the presence of the dominant gene R is necessary for 
the formation of cyanidin, the pigment of the recessive 
genotype (rr) being pelargonidin, it is not known 
whether the gene R (or an enzyme associated with it) 
brings about an oxidation such as the following: 
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or whether the “oxidation” occurs at some earlier point 
in the synthetic sequence, as, for example, in a dehydro- 
genation such as shown in Equation 2. 

Each of these reactions have their well-known counter- 
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: “Anthoxanthin” is a term applied to those sap-soluble com- 
pounds, in most cases flavonoid in type, other than anthocyanin, 
and includes flavones, xanthones, etc.. The term “anthochlor” 
has been applied (10) to the yellow-to-orange chalcone and 
benzalcoumaranone pigments, 
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parts in biological systems of other kinds, and the data 
are still inadequate to allow a choice to be made between 
them. ; 

The experimental methods which have been employed 
to gather the data necessary to the solution of the prob- 
lems of photosynthesis include the following: 


(a) A study of the dependence of pigment content 
and structure upon the genetic composition of 
individual genotypes within a given species. 

(b) A study of pigment content and structure in a 
series of plants belonging to closely related spe- 
cies within a given genus, or to closely related 
genera. 

(c) A study of the occurrence within a given plant of 
all pigments and structurally related sub- 
stances. 

(d) A study of the change in a given pigment as a 
plant (or flower) matures. 


Because of the very nature of the problem and of the 
data which are accessible by these methods it has so far 
been possible to arrive at an understanding of the na- 
ture of the biosynthesis of the flavonoid compounds only 
by examining the structures of the final compounds, the 
end products of the syntheses. By considering these 
in relationship to the genetic factors associated with 
their presence (or absence) in the plant, or in their inter- 
relationships with each other, it is in some cases possible 
to suggest reasonable partial routes for their synthe- 
sis. It is consequently of the greatest importance that 
such schemes, which it is to be hoped can eventually be 
tested by direct experimental methods, be based upon 
sound and admissible assumptions. For this reason, it 
is suggested that the following basic principles be ob- 
served in interpreting the data derived from studies 
such as those just enumerated. 

(1) The chemical reactions which it is to be assumed 
have taken place in the plant must be those which are 
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either well recognized as capable of being brought about 
by enzyme systems of the living cell, or of such a nature 
that they can confidently be regarded as capable of pro- 
ceeding at useful rates in the absence of specific cata- 
lysts and under physiological conditions of pH and tem- 
perature. 

(2) The precursors or starting materials for the syn- 
thetic sequences proposed should be substances known 
to be present in the plant, or types of substances known 
to be normal constituents of metabolizing cells. 

(3) In the absence of direct experimental] evidence to 
the contrary, reactions should be assumed to proceed in 
ways consistent with established concepts of reaction 
mechanisms. For example, attention should be paid 
to the proper interpretation of transformations involv- 
ing elimination reactions, Walden inversions, ring clo- 
sures, aldol condensations, oxidation-reduction reac- 
tions, etc. 

An excellent example of the application of a self- 
consistent set of principles governing biosynthetic 
schemes is found in certain theories of alkaloid bio- 
genesis, notably those of Robinson, Schépf, and Spath. 
These have made possible a plausible scheme of syn- 
thesis for these very complex compounds, using reason- 
able starting materials and admissible chemical re- 
actions, and have found support (although not what 
can be considered confirmation) in the successful dupli- 
cation of many of the suggested steps in zn vitro experi- 
ments. The erection of a similar scheme for the bio- 
genesis of the flavonoid compounds may, along with the 
genetic data at hand, aid in the elucidation of the nature 
and mechanism of gene action. 

It will be useful for the purposes of the ensuing dis- 
cussion to review those structural features of the Ce- 
C3-Cs compounds which are of such frequent occurrence 
in the group as to suggest that they owe their origin 
to certain ubiquitous genetic factors in plants. 


(1) The 2’-hydroxyl group in chalcones, and the 
heterocyclic oxygen atom in the tricyclic com- 
pounds (e. g., flavones) show that the C; frag- 
ment of these molecules is always attached to 
a carbon atom ortho to an oxygenated ring car- 
bon atom. (See next column.) 

(2) With a few known exceptions, the 7-position? 

2 Numbering will refer to the flavone nucleus. The‘equivalent 


positions in chaleones and benzaleoumaranones are numbered 
according to different conventions. 





pelargonidin 


bears a hydroxyl (or methoxyl or glycosidoxyl) 
group. All known anthocyanins have the 7- 
hydroxyl group. 
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(3) Most flavonoid compounds are hydroxylated in 
the 4’-position. 

(4) Glycosides, except the anthocyanins, most com- 
monly carry the sugar residue in the 3- or 7- 
position; but there are many exceptions to this. 

(5) The 4’-hydroxyl group in anthocyanins is always 
free, never carrying a methyl] group or sugar 
residue. ‘ 

(6) Sugar residues are always found at the 3- or the 
3,5-positions in anthocyanins, so far as is 
known. P 

(7) The most widely distributed structural) feature in 
the flavonoid group of compounds is the 3’,4’- 
dihydroxy grouping. 


Theories of Pigment Biogenesis. Two theories of pig- 
ment biosynthesis have received the greatest attention. 
The earlier of these (6), proposed before most of the 
data derived from genetic studies had become available. 
refers chiefly to the formation of anthocyanins, and sug- 
gests that these pigments are derived by the reduction 
of the correspondingly hydroxylated flavonol, as shown 
in Equation 3 for the formation of cyanidin fron 
quercetin. 

Besides being limited in scope, this hypothesis is 
not borne out by the large body of evidence which has 
now been accumulated concerning the occurrence of 
these compounds in nature. A structural correspond- 
ence, such as that which exists between cyanidin and 
quercetin, between the anthocyanin and anthoxanthin 
pigments of a given plant is the exception rather than 
the rule, and when such a correspondence exists it in- 
volves in most cases, compounds containing the 3’,4’- 
dihydroxy grouping, the most ubiquitous structural fea- 
ture of the Ce-C;-Cs group of compounds. Moreover, it 
would be difficult to accommodate this theory to the 
co-occurrence within a plant of substances possessing 
different patterns of hydroxylation in the A or B rings. 
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The second hypothesis, as put forward by Robinson 
(7) to account for anthocyanin biogenesis, and further 
elaborated by Lawrence and Scott-Moncrieff (8) as a 
result of their studies on the genetics of Dahlia pigmen- 
tation, is that the Cs-C;-Cs compounds present in a 
single plant are derived from a common precursor. 
Since all of the anthocyanins encountered in the genetic 
studies so far carried out have the 5,7-(phloroglucinol-) 
arrangement of hydroxyl groups in the A ring, and differ 
only in the nature of the B ring (4’-hydroxy, 3’,4’-di- 
hydroxy, and 3’,4’,5’-trihydroxy), Robinson suggested 
that the C. fragment from which the A ring was derived 
served as a common precursor for all of the anthocya- 
nins, the C3-C, (B) portion being formed under the con- 
trol of the gene or genes characteristic of the final pig- 
ment (pelargonidin, cyanidin, or delphinidin type). 
The elaboration of this hypothesis to account for the re- 
sults of the studies on Dahlia must, however, be modi- 
fied from the form originally proposed by Lawrence 
and Scott-Moncrieff. Their interpretation of the ex- 
perimental data was based in part upon an assumed 
structure for the so-called ‘yellow flavone’” found in 
these flowers, the A ring of which was assumed to have 
the phloroglucinol pattern of hydroxylation. Later 
work by Price (9) showed, however, that the deep yellow 
pigment of Dahlia is the chalcone, butein (2’,4’,3,4- 
tetrahydroxychalcone). It is apparent, therefore, that 
in a theory of pigment biosynthesis in this plant based 
upon the assumption of a common precursor, the pre- 
cursor is not likely to contain the already aromatized 
phloroglucinol-type A ring, since to derive butein from 
this would involve the removal of an aromatic hydroxyl 
group. The discovery of butein in Dahlia does not, 
however, vitiate the hypothesis of a common precursor 
for pigment synthesis; indeed, the genetico-chemical 
evidence for such a hypothesis is convincing. The oc- 
currence of the chalcone, containing the resorcinol-type 
of A ring, can be accommodated in a hypothesis modi- 
fied in such a way that the common precursor is intro- 
duced into the biogenetic scheme at an earlier point— 
before the structure of the A ring has been fully elabo- 
rated. It is an inviting supposition that the precursor 
contains the incompletely elaborated A and B rings as 
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hydroaromatic residues which are aromatized by gene- 
controlled processes which involve dehydration on the 
one hand and dehydrogenation on the other. 

The results of the studies on Dahlia lead to another 
suggestion, which derives from the observations which 
were made regarding the differing competitive values of 
the genes for flower coloration. Dahlia variabilis is an 
allooctoploid having four tetrasomic factors for pigment 
production: A, necessary for light anthocyanin produc- 
tion; B, necessary for heavy anthocyanin production; 
I, responsible for “ivory” flavone (presumably apige- 
nin); and Y, which produces “yellow flavone’’ (later 
identified as butein). These genes have different com- 
petitive values in determining the amount of precursor 
available and its distribution along the several paths 
leading to the final pigments. Genes Y and B differ 
markedly from A and I in being completely dominant in 
the simplex condition (e. g., Bbbb is phenotypically 
identical with BBbb, BBBb, BBBB; and similarly for 
Yyyy, etc.). Gene Y appears to play a commanding 
role in Dahlia: its introduction into flavone-free cyanin 
types causes the production of pelargonidin*® with a 
general decrease in cyanic intensity; YI: types contain 
a trace of ivory flavone; Y2Iz has none; in YBA types, 
increase in the dosage of A (7. e., from Aaaa to AAAA) 
does not diminish the intensity of the yellow pigment. 
It is beyond the scope of this paper to review the rest of 
these data in detail, but the salient facts find expression 
in the conclusion of Lawrence and Scott-Moncrieff that 
it is possible to consider the four genetic factors in terms 
of their potential ability to compete for some hypo- 
thetical pigment source. This ability is expressed by 
the arbitrary unit values: A = 1/2; I = 1; B = 6; 
Y = 9. 

If individual genes are representative of specific 
enzyme systems, as the results obtained with Neuro- 
spora demonstrate, these arbitrary numbers may be re- 
garded as the expression of the relative rates of enzyme- 
catalyzed reactions. The genetic data do not permit 





? In referring to anthocyanin pigmentation, the pigment will 
be referred to as the anthocyanidin (e. g., cyanidin, pelargonidin) 
since the discussion refers primarily to the pattern of hydroxyla- 
tion of the rings. 
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even speculation concerning the explicit nature of these 
reactions when the pigments are treated as generalized 
types (e. g., “ivory flavone’’) rather than as substances 
of known structure. However, when the structures of 
all of the compounds resulting from the action of the 
known genes have been established it is possible to sug- 
gest schemes for their biogenesis which, although not 
the only ones possible, are reasonable and suggestive 
enough to give impetus to more detailed studies. It is 
clear that in the case of Dahlia the structure of the 
“yellow flavone”’ was a vital and indispensable part of 
the data. 

Suppose, then, that the Dahlia pigments arise through 
enzyme-catalyzed reactions which act to modify the 
structure of some precursor having the C.-C;-C, skele- 
ton, which presumably arose as Robinson first sug- 
gested, from the combination of two hexose and one tri- 
ose fragments. This precursor must be capable of 
modification, preferably, for the sake of simplicity, by 
straightforward processes into all four of the Dahlia 
pigments. A structure through which the synthesis 
could pass is the following: 
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An interpretation possible from the data is that genes 
Y and I are genes related to dehydrases, while B and A 
give rise to dehydrogenases. The action of Y to dehy- 
drate ring A leads ultimately to butein, while in the 
presence of B—which can dehydrogenate ring A in a fast 
reaction—the dehydrating action of Y is exerted upon 
ring B, leading to pelargonidin. Since these are both 
fast reactions, the amount of precursor dissipated by 
other processes, leading to substances of unspecified 
nature, is diminished; thus, the high rate of anthocya- 
nin production leads to relatively more pigment, and so 
to heavier pigmentation. In IliiYyyy flowers, the in- 
creased concentration of the I enzyme enables this gene 
to compete successfully with the intrinsically faster Y 


CHOH 


661 


enzyme. In this case, dehydration of ring B can take 
place (by I) to lead to apigenin. 

Such speculations are suggestive only and cannot tell 
the complete story. The chief reason for this is that it 
is probable that a multitude of genes are concerned in 
the synthesis of four different pigments, those which are 
recognized and called “the genes for flower color’ being 
those which by chance participate in the over-all process 
at some critical point at which the final characteristics of 
the pigment structure are elaborated. To add more de- 
tails to such a proposed scheme of biogenesis more data 
of a quantitative nature are required. 

Another approach to the question of the synthesis and 
interrelationships of flower pigments lies in the study of 
the pigments of a genetically closely related group of 
plants. A valuable series of plants which has been used 
(10) for such an investigation is the sub-tribe Coreopsi- 
dinae of the tribe Heliantheae, family Compositae. 
The yellow flowers of these plants contain chalcone and 
benzalcoumaranone pigments, types not otherwise 
widely distributed in nature. The genetic relationship 
between the various genera found in this group of plants 


_F 


——— > metabolic degradation, 


nonpigments, ete. 
Precursor 
yp le \ OH 
re al 


\/0H 
Ho | 


HO 


Pelargonidin 


HO OH 
\AYV4 OH 
Y 6H 
| 
O 


Butein 


can be inferred from their common possession of a num- 
ber of distinct taxonomic characteristics by which the 
systematist has grouped them as a subtribe. 

The possession of many morphological characteristics 
in common undoubtedly implies the possession of a 
certain number of identical or closely similar genetic 
factors. The common possession among the members 
of such a group of plants of a number of genes respon- 
sible for other, both phenotypic and hidden, character- 
istics is to be expected. The chemical evidence shows 
clearly that such is the case with regard to the genetie” 
factors responsible for pigment formation. All of the 
flower pigments so far recognized in four species of 
Coreopsis and one of Cosmos have the partial structure 
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but differ from each other in the state and nature of oxi- 
dation of the C;-moiety and the degree and position of 
further hydroxylation of the A ring. These facts 
strongly suggest that among the common genes present 
in this subtribe are some which are responsible for the 
formation of a precursor containing at least the ele- 
ments of the partial structure shown above. In the 
process of evolution of these species from some common 
ancestor these genes have been retained, and others have 
appeared which have resulted in the taxonomic differ- 
entiation of these plants and in modifying the synthetic 
paths taken by this precursor to the final pigments. 

The pigments so far recognized in the yellow Coreopsi- 
dinae are the following: 
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Coreopsis Douglasii 

Coreopsis gigantea 

Cosmos sulfureus 

Dahlia variabilis 
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Coreopsis grandiflora 


Also found in Cosmos sulfureus were luteolin and 
quercetin, both of which contain the 7,3’,4’-hydroxyl 
groups of the other pigments. 

It is of interest to note that Dahlia, which is a mem- 
ber of the Coreopsidinae, contains in the cyanic forms 
pigments (pelargonidin and apigenin) of a type (7. e., 
with a monohydroxylated B ring) which have not been 
found in the acyanic species related to it. ’ A study of 
other Cosmos species, which also include cyanic vari- 
eties, would be of interest in view of this observation. 

The above discussion has shown that there is good 
reason to believe that the pigments found in the vari- 
ously colored flowers of a given species or of a closely 





_-* The compound actually isolated from Coreopsis grandiflora 


was the flavanone 8-methoxybutin. Its representation as the 
chalcone, 3’-methoxybutein, to show its relationship to the other 
chalcones is permissible, since the flavanone-chalcone inter- 
change is a simple reversible acid-base catalyzed isomerization. 
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interrelated group of species arise by specific modifica- 
tion of some fundamental precursor. It is of some in- 
terest to speculate, as has been done in the case of alka- 
loid biogenesis, upon the initial stages of the synthetic 
processes. Indeed, in the schemes for the synthesis of 
alkaloids in the plant it is only the initial stages—the 
nature of certain fundamental types of reaction and of 
starting materials defined in general terms only—that 
have been specified; no hypotheses have yet been ad- 
vanced concerning the details of the manner of modifi- 
cation of the skeleton structure thus arrived at into the 
final alkaloid. 

In the case of the flavonoid compounds the problem is 
certainly no more complex than in that of the alkaloids. 
The nature of the C.-C3-C, skeleton obviously suggests 
its origin from carbohydrate sources, and, as Robinson 
suggested, probably from two hexoses and a triose frag- 
ment. Such a suggestion has the added validity which 
derives from the knowledge that the early products of 
photosynthesis are constituents of the metabolic net- 
work of substances which include the simple phosphory- 
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lated hexoses and the products of the glycolytic proc- 
esses. These form the pool of carbon compounds 
from which are drawn the starting materials for synthe- 
sis. The formation of carbocyclic rings, which are 
found not only in the C.-C;-C, group of substances but 
fully as widely distributed in C.-C; types (e. g., 
conifery] alcohol, anethole, coumarin, to name a few 
representative examples), can most reasonably be pre- 
sumed to result either from carbon-carbon bond for- 
mation between the 1 and 6 carbon atoms of a hexose, or 
by the fusion of two triose fragments. There is no way 
to choose between these alternatives at the present time, 
but the decision is not a critical one since in some ways 
these two alternatives are equivalent. If the hexose 
involved is assumed to be fructose-1,6-diphosphate 
(phosphorylated hexoses are among the early products 
of the photosynthetic fixation of carbon), the two re- 
versible, enzyme-catalyzed reactions 
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fructose-1,6-diphosphate = Pauebnetperenye + 
ydroxyacetone phosphate (5) 


phosphoglyceraldehyde = dihydroxyacetone phosphate (6) 


make it unnecessary to assign to the phosphorylated tri- 
ose a synthetic role fundamentally different from that 
of the hexose. This is evident if the reactive potentiali- 
ties of the triose are taken into account: the most ob- 
vious method of combining two such fragments is 
through‘an aldol condensation, 
Ph—OCH,CHOHCHO + PhOCH,COCH,OH ——> 
fructose-1,6-diphosphate (7) 
although the combination of two phosphoglyceralde- 
hyde residues to an acyloin union by means of an 
enzyme of the carboligase type is an alternative possi- 
bility. 

The assumption of a phosphorylated hexose as the 
immediate reactant for the ring closure is dictated by 
the necessity for conferring lability upon carbon-linked 
hydrogen atoms as a prelude to the formation of a car- 
bon-carbon linkage through a displacement of a phos- 
phate residue or a carbon-carbon dehydrogenation. A 
hexose might undergo carbon-carbon cyclization in any 
of several ways, as shown in the next colunm. 

That six-membered carbocyclic rings are derived 
from glucose or fructose equivalents is strongly sug- 
gested by the widespread occurrence in nature of hydro- 
aromatic six-membered rings containing three adjacent 
hydroxy] groups with the same relative configuration as 
those in the 3,4,5-positions of glucose. The largest such 
group is that which includes the cyclitols, such as inosi- 
tol, quercitol, etc. The configuration of several of these 
is shown in the following outline formulas, along with 
that of glucose as represented by the Haworth formula, 
and two related naturally occurring acids: 
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Two further suggestions arise from a consideration of 
these structures. One is that the hydroxyl (or meth- 
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oxyl)° groups in gallic acid and syringic acid represent 
the three hydroxyl groups in the 3,4,5-positions of the 
glucose (or fructose) precursor. This leads to the fur- 
ther suggestion that in syringy] alcohol, delphinidin, and 
other 3,4,5-trihydroxylated C.-C; compounds, the point 
of attachment of the C; chain is in the position para to 
the carbon atom which was the number 4 carbon atom 
of the hexose—namely, at the number 1 carbon atom of 
the hexose. The genesis of the widely distributed unit 


RO 
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is further suggested from these observations. If the 





5 The question of the origin of the methy] group in the methoxy] 
group is a separate one. The term “hydroxylated” refers, in 
this discussion, only to the point of oxidation of the ring. 





3,4-dihydroxy grouping is the result of the following 
changes, starting from a 3,4,5-trihydroxy cyclohexane 
precursor : 
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the hydroxyl group which is lost would be that at the 
5-position rather than the 4-, since the 4,5- and not the 
3,4-hydroxyl groups bear the cis relationship, and de- 
hydration between cis-hydroxy] groups is to be expected 
rather than between trans groups. 

It is necessary also to explain why the dehydration 
occurs 4-H: 5-OH and not 5-H:4-OH, to lead to a 3,5- 
dihydroxy Cs-Cs compound. The reason for this can- 
not satisfactorily be suggested in the light of present 
knowledge; it can only be pointed out that the 4-hy- 
droxyl group is unique in several ways. In the antho- 
cyanins, for example (as the 4’-OH), it is always found 
free—that is, unmethylated or unglycosylated—while 
the 3’- and/or the 5’-hydroxyl groups may be present in 
the form of methyl ethers. Syringyl alcohol, likewise, 
has the 3,5-dimethoxy-4-hydroxy structure and conif- 
eryl alcohol is a 3-methoxy-4-hydroxy compound. 
Moreover, the 4’-hydroxyl group is the most universally 
prevalent of the hydroxyl groups in the C.-C; nucleus. 

These considerations lead back to the question of the 
nature of the reaction in which the Cz. and C; fragments 
are joined. The most likely types of reaction, in view 
of the structure of a C; fragment such as a phosphory- 
lated triose, are the aldol condensation and a displace- 
ment reaction, as shown below. 

Now the former of these can proceed in two ways 
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The displacement reaction is an “alkylation” of the Cs. 


nucleus: 
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These reactions, while presumably enzyme-catalyzed, 
involve in every case structural elements of such a na- 
ture that transformations of the kind indicated are par- 
ticularly prone to take place. 

Of the possibilities indicated, (VI) appears the best to 
adopt as representing the most likely genesis of the 
3,4-dihydroxy-C,-C; unit. The basis for this choice is 
chiefly that in quinic and shikimic acids, the groupings 

—CH, OH —CH 
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are present. The derivation of these elements from 
(VII) or (VIII) would be difficult to develop in any 
direct and uncomplicated manner but they are a direct 
consequence of reaction (VI). The next step is to write 


the probable (7. e., ““‘probable”’ as derived from the argu- 
ments so far presented) structure of the initial C.-unit: 
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This unit is (V), as derived in equation (8). 

The final structure for the initial precursor, at the oxi- 
dation level of the carbohydrate starting materials, 
would then be, 
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This can be transformed simply by the loss of three 
molecules of water into a derivative of the widely distrib- 
uted 3,4-dihydroxy-Ce-C; type: 
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HO—<__\—CHOH—CHOH—CHO 
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The condensation of this with another Cz. unit to lead 
to the precursor of flavonoid compounds can best be as- 
sumed to occur by addition of an active methylene 
group (in the Cg. addend) to the aldehyde grouping. 
It must now be pointed out that there exists a much 
wider variety of hydroxylation patterns in the C, (A) 
fragment than in C, (B), and consequently there is no 
similarly compelling choice for the manner of this sec- 
ond condensation. The most attractive C, (A) precur- 
sor is (III), which would lead to the Cg, (A)-C; fragment: 
OH OH 
Ga 
if i 
HO—CH CH—CHOH -CHOH -CHOH—C;,(B) 

aes 
CH—C 

bu b 
This contains: (a) the always-present ortho (to Cs) 
hydroxyl group as the (enolic) carbonyl group; (b) the 
structure capable of forming an A ring hydroxylated in 
every position (5, 6, 7, and 8), as found in such com- 
pounds as calycopterin and nobiletin; and (c) the neces- 
sary elements to lead either to the phloroglucinol or 
the resorcinol patterns of hydroxylation. Further 
elaboration of this line of speculation would be more in- 
secure than that already attempted. 

The theory that flavonoid compounds containing the 
six-membered heterocyclic ring are derived from units 
of the Cs-C-C-C-Cg (7. e., bicyclic) type is supported not 
only by the appearance in nature of chalcones, benzal- 
coumarones, and dihydrochalcones (such as phloretin), 
but by such observations as the occurrence in the same 
plant (Scutellaria baicalensis) of such a pair of com- 
pounds as wogonin and baicalein: 


OCH; 
HO | 


WIP 


a LTO 
oe od XY 


HO O HO O 


Wogonin Baicalein 


This suggests the derivation of these compounds by the 
ring closure (and further changes also involving oxida- 
tive changes in the 3-carbon chain) of some open-chain 
precursor such as the following: 


a 
r———— _ Biicalein 


—> Wogonin 
b 
However, in this as in other cases, the possibility re- 
mains that, the 6- (as in baicalein) or the 8- (as In wogo- 
nin) hydroxyl group is introduced by a direct hydroxyl- 


ation of a preformed phloroglucinol A unit. A scheme 
for the biogenesis of flavonoid compounds based largely 
upon nuclear hydroxylation of already aromatic pre- 
cursors is discussed by Rao and Seshadri (//). 

Bate-Smith (12) has described a most interesting ex- 
ample of the experimental approach which involves fol- 
lowing the change in a simple pigment as a flower ma- 
tures. By the use of paper chromatography, Bate- 
Smith was able to show that as the flowers of Coreopsis 
develop, the diminution in the amount of free chalcone 
in the petals is accompanied by a corresponding increase 
in the amount of its glycoside. This furnishes one pos- 
sible answer to the question of the origin of the sugar- 
aglycone linkage. While the presence of glycosidases 
in living cells has long been recognized, their role in 
glycoside biosynthesis has not been clearly shown. 

It has also been possible to entertain the alternative 
hypothesis that glycoside linkages are performed: that 
is, that a disaccharide has undergone a conversion of 
one of its Cs-units into a six-membered carbocyclic ring, 
the other thereafter remaining attached by a glycosidic 
linkage to a hydroxyl group during the processes of aro- 
matization of the Cs-unit. The frequent occurrence of 
the sugar residue on the 7-hydroxyl group of flavonoid 
compounds (originally on the 4-carbon atom of the 
sugar, according to the scheme presented above) has 
offered some support for this idea. However, the fact 
that among the known naturally occurring flavonoids, 
glycosidation has been found in most of the positions 
of both A and B rings has made it more probable that 
the linkage of the sugar to aglycon is a separate reaction, 
a supposition borne out by the findings of Bate-Smith. 

A continuation of the study along all of the lines of 
attack which have been mentioned is necessary for the 
ultimate solution of the problems of plant biosynthesis. 
Highly speculative hypotheses have already led to use- 
ful predictions concerning the structures of new com- 
pounds isolated from plants, genetic relatives of which 
had undergone previous examination. A theory which 
would make predications of this kind more accurate 
would, as it has in the case of the alkaloids, prove a 
powerful tool in the further study of plant chemistry. 
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GUNTHER RIENACKER 
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Hic on the list of German chemists who are devot- 
ing their talents to nonorganic fields is Giinther 
Rienaicker. Born May 13, 1904, at Bremen, he studied 
at Munich from 1922 to 1926. His principal teachers 
werelO. Honigschmid (analytical), E. Zintl (inorganic), 
R. Willstatter, H. Wieland (organic), K. Fajans (physi- 
cal), and W. Wien (physics)—truly a galaxy that can 
hardly be equaled today in any university. The doc- 
torate was conferred “magna cum laude’’ in 1926; 
the dissertation, supervised by Zintl, was a study of 
new potentiometric methods for determining heavy 
metals. 

Dr. Rienacker was assistant in physical chemistry at 
Freiburg i. Breisgau from 1926-28; his chief was G. 
v. Hevesy. Studies of rare earths and diffusion in 
solid state were his research interests. He broadened 
his teaching field by transferring (1928) to the inorganic- 
analytical section of this school, directly by Zintl and 
later by W. Fischer. The habilitation essay, which 
dealt with mixed catalysis by alloys, was submitted in 
1933 but, due to political difficulties, the docentship 
was not granted until 1936. Shortly thereafter, he was 


called to Géttingen as associate professor of inorganic 
chemistry and chemical technology, and as director 
of the technological chemistry department. 

In 1942, Dr. Riendcker was appointed professor of 
inorganic chemistry and héad of the Chemistry Depart- 
ment at the University of Rostock. He was elected 
dean of the philosophical faculty in 1945 (after the 
close of the war). He served as the first postwar 
rector of the university from January 1946 to March 
1948 and has been pro-rector since then. As a public 
Spirited citizen, he is a member of the Landtag for 
Mecklenburg. 

The record of his scientific labors is contained in 
about 50 papers that have appeared mostly in the Zei/- 
schrift fiir anorganische Chemie and the Zeitschrift fiir 
analytische Chemie. He has collaborated in Stauding- 
er’s ‘“‘Tabellen aus der allgemeinen und anorganischen 
Chemie” and in the ‘Handbuch der analytischen 
Chemie.” His main field of research has been hetero- 
geneous catalysis, particularly studies of the mode of 
action of mixed catalysts. He has been editor of the 
Zeitschrift fiir anorganische Chemie since 1946. 


A SIMPLE OSCILLATING STIRRER 


Is OUR organic preparations laboratory course the 
usual need arises to determine the melting points of 


various products. T'o save muscular effort, one student, 























Oscillating Stirrer 


C. J. GRELECKI and JAY A. YOUNG 
King’s College, Wilkes-Barre, Pennsylvania 


the senior author, devised the device described below. 

A glass rod is bent into a loop at right angles to its 
axis and the straight portion inserted into a glass tube 
The rod is bent further as indicated in the drawing, 
using a second sleeve of glass tubing at the extreme end. 
The whole assembly is clamped into position by apply- 
ing clamps to the sleeves. 

A rubber stopper, mounted eccentrically on a hori- 
zontal axis, is placed under the horizontal portion of the 
glass rod. Rotation of the stopper about its eccentric 
axis by means of a slow-speed stirring motor imparts 
the desired oscillatory motion to the stirring loop por- 
tion of the glass rod. ; 

The device has been found to be quite rugged. The 
rubber-glass surfaces were lubricated with glycerin. 

It is true that a stirring motor could have been used in 
the usual manner to supply power for stirring the 
melting-point bath. However, the mechanical principle 
presented is applicable to any use requiring oscillatory 
motion. 
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LABORATORY EXERCISES IN NUCLEAR 


CHEMISTRY* 


Irv is an important and interesting fact, not yet 
realized by many scientists, that the purchase cost of 
radioisotopes (/) is often the smallest item of expense 
in an experiment utilizing tracer techniques. Since 
the capital investment in permanent equipment for 
such work may be limited to a few hundred dollars, it is 
apparent that this very powerful method is wel) within 
the means of many industrial and university labora- 
tories. However, the Atomic Energy Commission 
rightly restricts the distribution of radioactive tracers 
to persons and institutions properly qualified for their 
use, no doubt leaving many workers with the need and 
desire for such materials, but without the necessary 
training. This situation is being remedied in a number 
of ways; by training courses offered by the Commission 
(2) and by installation of university courses in the sub- 
ject. This article is the third in a series (3, 4) describ- 
ing some student experiments on nuclear chemistry. 

The preparation and characterization of a radioactive 
tracer is an important preliminary step in the applica- 
tion of tracer techniques and frequently involves 
rather simple but specialized chemical procedures. The 
principles of such operations have been previously 
discussed (3) and it is the purpose of the present article 
to describe simple experiments which apply these 
methods to the preparation of certain halogen activities. 

The simplest and most generally useful method of 
preparing radioactive isotopes is through the slow 
neutron capture reaction. Bromine and iodine yield, 
with reasonable efficiency, active species as shown in 
Figure 1. While the specific activity which can be 
induced in these elements with a 5 mg. 
neutron source is comparatively smali (approximately 
104 disintegrations per second per mol) and is practically 
undetectable without enrichment, the Szilard re- 
action may be employed to yield a useful specific 
activity. As previously described (3) this process— 
by virtue of the recoil energy of gamma radiation from 
the neutron capture—involves the ejection of the acti- 
vated atoms from the target molecule into a form which 
may be chemically distinguishable and separable from 

* Presented at the 114th Meeting of the American Chemical 


Society, St. Louis, Missouri, September, 1948. 
! Present: address, Canisius College, Buffalo, New mack: 





Ra-Be . 


Ill. Preparation and Properties of 
Several Halogen Activities 


ROBERT H. SCHULER', RUSSELL R. 
WILLIAMS, JR., and WILLIAM H. HAMILL 


University of Notre Dame, Notre Dame, Indiana 


the large residue of unchanged target molecules. Thus 
a considerable portion of the activity of 10‘ dps originat- 
ing in a mol of target substance may be concentrated 
into a millimol or less of extracted halogen. This 
represents an enrichment of approximately one thou- 
sandfold and a specific activity of useful magnitude. 
The experiments described below apply this method 
to the production of several halogen activities, yielding 
specific activities of about 10° disintegrations per minute 
per milligram of halogen. The activities are char- 
acterized by determination of the decay rate of the 
active species. Additional experiments in chemical 
manipulation of these activities are suggested. These 
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Figure 1. Nuclear Properties of I and Br 





668 


experiments will require only the equipment pre- 
viously described (4) plus some common chemicals 
and laboratory glassware. 


PROCEDURES 


The procédures involved in the preparation of the 
various halogen activities are essentially identical 
and will therefore be described in general terms, fol- 
lowed by specific comments applying to each case. 

General Procedure. Approximately 400 ml. of the 
target substance, a liquid alkyl or aryl halide, is placed 
in a 500-ml. florence flask. The 5 mg. Ra-Be 
neutron source is inserted in a centrally located soft 
glass test tube arranged to hold the source in a central 
position as shown in Figure 2 (see also Figure 2 of 
Reference 3). A few milligrams of free halogen or 
hydrogen halide should be added to the target sub- 
stance to act as carrier for the liberated activity. After 
a bombardment time corresponding to at least one 
half-life of the active species desired, the neutron source 
may be removed to its lead shield and the chemical 
extraction of the active species undertaken. 

The irradiated alkyl halide is placed in a large separa- 
tory funnel and shaken vigorously with about 50 ml. 
of dilute aqueous sodium hydroxide solution. This 
serves to hydrolyze and extract the halogen carrier and 
any activity which has been liberated from the target 
substance. After separation of the aqueous from the 


organic layer, it may be washed several times with an 
inert organic solvent to remove all traces of the organic 


iodide. This step is essential only with organic iodides, 
which react easily with the silver nitrate to be used in 
the next step. 

The halogen activity with carrier is next precipitated 





2 Pyrex and other boron-containing glasses are to be avoided 
because of the exceptionally high capture cross section of boron 
for thermal neutrons. 
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in acid solution by addition of silver nitrate solution. 
The precipitate is collected on paper in a small Biichner 
or Hirsch funnel and dried by washing with alcohol and 
ether. Covered with cellophane and mounted. on a 
card, the sample is placed next to the Geiger tube for 
observation of its activity as a function of time. 

The entire time elapsed from the end of bombardment 
until the beginning of the activity measurements should 
occupy no more than one half-life of the active species, 
and preferably less. This requires that. the student 
prepare his reagents and apparatus for the extraction 
process during the bombardnent, in order to bring the 
sample to the counter as early as possible. The target 
halide should always be saved for later use, since no 
appreciable chemical decomposition is produced. 

Iodine. Ethyl iodide is suggested as a suitable 
target substance for the preparation of iodine activity. 
A small crystal of iodine may be dissolved in the alky) 
iodide to serve as carrier for the liberated iodine atoms. 
Typical decay data taken with a sample of active iodine 
prepared-as described above are shown in Figure 3. 

Bromine. Ethyl bromide or ethylene dibromide are 
suggested as suitable target materials for the prepara- 
tion of bromine activities. A few drops of a previously 
prepared solution of bromine should be added to the 
target substance to furnish carrier bromine for sub- 
sequent chemical operations. 

Bombardments of duration less than 20 minutes will 
yield principally the 18-minute lower isomeric state of 
Br**, while bombardments of several hours will yield 


_ in addition, the 4.4-hour upper isomeric state Br®*. 


A small yield of Br**, depending on bombardment time, 
may also be expected, but this may be neglected if all 
subsequent beta counting is conducted through at least 
100 mg./cm.? of absorber (glass wall counter plus 
approximately 70 mg./em.? Al). This absorber will 
cut off the weak beta particles of 34-hour Br*, while 
not seriously decreasing the intensity of the hard betas: 
from Br*. 

While the radiations from 4.4-hour Br®* are undetect- 
able in the counting arrangement commonly used, its 
18-minute Br*® daughter is readily detectable and serves 
to denote its presence. The decay curve of samples 
subjected to several hours bombardment will show two 
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components, corresponding to the half-lives of 18 
minutes and 4.4 hours. This behavior is illustrated in 
Figure 4. Note that activity determinations must be 
made at frequent intervals during the first stages of 
decay, while later measurements may be made as much 
as an hour apart, since the decay rate is much smaller. 

The isomeric transition Br®* — Br® isaccompanied by 
a chemical effect similar to that induced by neutron 
capture, which may be demonstrated as follows: After 
the decay rate of the extracted bromine activity has 
decreased to a value indicating absence of 18-minute 
activity (about two hours after the end of bombard- 
ment) the organic bromide sample may be treated again 
to extract bromine activity, using a small amount of 
carrier as before. This extract will be active, due to 
the presence of retained 4.4-hour Br®* in the target 
substance and due to the molecular rupture resulting 
from the isomeric transition process. However, the 
active extract obtained in this second extraction should 
show a pure 18-minute half-life, and consists of Br* 
formed by isomeric transition from Br®*, rather than 
directly by neutron capture. All of the 4.4-hour Br®* 
not extracted in the initial treatment must have re- 
entered an organic form, and can leave that form only 
as @ consequence of the decay reaction which yields 
18-minute Br®. 

Exchange Reactions. Some simple variations on the 
procedures given above may be used to demonstrate the 
phenomena of isotopic exchange, which are of para- 
mount importance to nuclear chemistry. lLlodine 
activity is suggested for such experiments, since it can be 
quickly prepared in high specific activity by the pro- 
cedure outlined above. 

To demonstrate the rapid isotopic exchange between 
iodide and iodine, prepare an aqueous extract of iodine 
activity by neutron bombardment of pure ethyl i dide 
omitting the use of I, carrier, and followed by extraction 
with an aqueous solution containing about 20 mg. of 
iodide ion. Divide this solution into two equal por- 
tions; save one and shake the other vigorously with 
carbon tetrachloride containing about 10 mg. of ele- 
mentary iodine. Separate the two phases and extract 
the iodine from carbon tetrachloride into an aqueous 
thiosulfate solution. Acidify, boil, and precipitate 
silver iodide from this solution and from the second 
portion of the original aqueous extract. Dry, mount, 
and count the two precipitates. Presence of activity 
in the sample extracted from carbon tetrachloride 
denotes exchange between iodine and iodide. If 
measured amounts of iodine and iodide have been used 
it is possible to predict, from the activity of the control 
solution, the activity of the iodine fraction. 

Lack of iostopic exchange between iodide and iodate 
in alkaline solution may be demonstrated as follows: 
Prepare an aqueous solution of active iodine with iodide 
carrier as above, make this solution alkaline and add 100 
mg. of iodine as iodate. Divide the solution into two 
portions and from one precipitate barium iodate and 
count to test for exchange. Acidify the other portion, 
which will permit oxidation of the iodide by the excess 


iodate present. The iodine may be extracted into 
carbon tetrachloride and discarded. The remaining 
iodate may be precipitated as barium iodate and 
counted to test for exchange between iodate and 
iodine in acid solution. 

Other exchange reactions such as those between io- 
dides or elementary iodine and alkyl iodides or ele- 
mentary iodine and alkyl iodides may be tested in 
similar fashion. However, the success of the Szilard- 
Chalmers reactions with these substances attests to 
the lack of exchange under the conditions of the experi- 
ments. If an ultraviolet lamp is available it will be 
possible to demonstrate a photochemical exchange be- 
tween iodine and an organic iodide, preferably methyl] 
iodide, which absorbs at wave lengths shorter than 
about 3500 A. The primary photochemical process is 
probably 

CH;I + hy = CH; + I 
It can be shown (4) by using iodine 128, that about 99 
per cent of the methyl radicals are removed by the 
following process, 

CH; + I,* = CH;I* + I 

Bombard ethyl iodide containing 2 mg. of carrier 
iodine and extract with water containing 10 mg. of 
Na.S.03;. Add HNO; to the aqueous extract to oxidize 
I- to I, and shake with 25 ml. of Mel. Illuminate 10 
ml. of the Mel solution of iodine in a quartz tube with 
the full light of a ultraviolet lamp for 10 min. Mean- 
while, extract another 10 ml. of the same solution with 
dilute NaOH and convert the iodine to silver iodide. 
Measure the activity of this control sample. The 
irradiated portion of the Mel solution should be treated 
similarly. Since some of the activity will now be 
present as Mel, the difference in activity between the 
two portions of silver iodide will be a measure of the 
extent of exchange. 

Carrier-free Activity. It will be of some interest to 
observe the behavior of halogen activity in the absence 
of carrier. Bromobenzene will provide an appropriate 
target because of its chemical stability. It should 
be shaken with aqueous thiosulfate, water, and dried 
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with calcium chloride and bombarded with neutrons 
for 15 minutes. Pass this liquid several times through 
a filter paper on a small Biichner filter, with suction. 
Rinse the paper with a little carbon tetrachloride, dry 
and count. Some of the activity will have been re- 
tained on the filter paper. If the empty flask, in which 
neutron bombardment was performed, is shaken with 
dilute NaOH, containing 20 mgs. of NaBr carrier, it will 
be found that appreciable activity has been absorbed on 
the glass. Finally, if a drop of bromine is added to 
the bromobenzene and extracted with dilute aqueous 
NaOH, more activity will be obtained. The total 
yield from all sources will, however, be less than had 
carrier been added before bombardment. 


TREATMENT AND DISCUSSION OF RESULTS 


The decay curves obtained from iodine and chlorine 
activation should be of the simple exponential form. 
Construction of the best straight line through the points 
on a semilogarithmic graph (after appropriate back- 
ground corrections) will permit estimation of the half- 
lives. The yield of activity obtained by the extraction 
process will vary considerably from one experiment to 
another and in no case will it be 100 per cent of the 
active atoms produced. A portion of the activity will 
always be “retained” by the target material, and a large 
part as the target molecular form itself. This phenom- 
enon has been discussed previously (3). 

The decay curve obtained from bromine will show 
two components, as indicated in Figure 4. The linear 
portion obtained after a few hours decay may be extrapo- 
lated back to zero time to estimate its contribution 
in early observations. Subtracting these values from 
the total activity in early measurements, an exponential 
line corresponding to the shorter bromine half-life will 
be obtained. 

The observed decay curve indicates that two hours 
after the end of neutron bombardment the activity 
is exclusively due to 4.4-hour Br*® (through the beta- 
activity of its daughter 18-minute Br*), This applies 
to the bromine activity retained in the organic target 
material as well as to the inorganic extract. Further 
extractions then yield only 18-minute activity, which 
is rendered extractable by the isomeric transition proc- 
ess. 

Iodine was chosen for the examples of exchange 
reactions because of the simplicity and convenience of 
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its nuclear properties. Similar experiments could be 
performed with the other halogens. 

Szilard-Chalmers enrichment of elements other than 
the halogens is quite feasible. With a 5 mg. 
Ra-Be neutron source and limited time for laboratory 
experiments, the choice is limited to those which have 
neutron capture cross sections approaching 1 X 10-% 
cm.? and half-lives of a few minutes to a few hours. 
In addition, the chemical properties of these elements 
must be such as to permit choice of an appropriate 
target form and chemical separation of the active 
recoil atoms. 

Slow neutron capture by Mn*‘forms a 2.6-hour beta- 
emitter with an activation cross section of 13 x 10-* 
em.? Libby (6) has studied the Szilard-Chalmers re- 
action in this case and has shown that bombardment of 
aqueous permanganate solutions of pH less than ~ 10 
yields active manganese dioxide with high efficiency. 
Even the small amount of manganese dioxide formed 
by passing permanganate solution through filter paper 
is sufficient to act as carrier for the active manganese and 
retain it on the filter paper. The short half-life and 
high cross section for formation of this element recom- 
mend it for student experiments. Additional exchange 
experiments on various valence forms may be devised. 

Antimony forms two active isotopes by slow neutron 
capture. The shorter-lived, Sb’*? has a half-life of 2.8 
days and an activation cross section (natural element) 
of 3.8 X 10-%4 cm.? Successful enrichment of this 
activity has been accomplished through the bombard- 
ment of tripheny] stibine (7), followed by a two-liquid 
extraction process. The organic target material may 
be dissolved in ether and a large fraction of the active 
antimony can be extracted into aqueous solutions. 
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AN EXPERIMENT IN THE TEACHING OF 


ECONOMICS TO SCIENCE GRADUATES 


In an alumni clinic in 1944, graduates of The Institute 
of Paper Chemistry stated that their technical training 
had been adequate for their positions of responsibility 
in the paper industry, but they felt that they would have 
been better prepared had they received some training 
in solving economic problems. Paper mill employers 
who have hired Institute graduates likewise recom- 
mended that some economics be included in the In- 
stitute’s curriculum. 

For three years the Institute has been experimenting 
to determine how much and what kind of economics to 
teach students who had obtained the B.A. or B.S. de- 
gree in chemistry or chemical engineering without so 
much, in some cases, as an elementary course in eco- 
nomics. Agreement is general that the scientist or the 
technologist needs “‘the addition of economics as a 
major item in his kit of tools,’’ but little agreement 
is found as to the minimum that can be justly included 
in an already overcrowded curriculum. In addition to 
intensive work in the various fields of chemistry and 
pulp and paper technology the Ph.D. graduate from the 
Institute must pass courses in physics, engineering, 
wood technology, microbiology, water and trade waste 
treatment, and statistics; also the student is held 
responsible for German, report writing, bibliography, 
and patent searches. To make room for another totally 
new and relatively unknown subject in the three years’ 
work (the fourth year of graduate study is devoted 
entirely to the doctoral dissertation) seemed at first 
impossible. And the field of economics is tremendous. 
What would be the minimum amount that would be 
worth while and what methods of teaching would be 
most effective? 

Answers to this question were sought in academic 
circles and in industry. The American Economic 
Association’s Committee on Undergraduate Teaching 
of Economics advised giving an elementary undergradu- 
ate course in economics. The Committee’s subcommit- 
tee on the study of economics in relation to education 
in the professions referred to the undergraduate work 
at Lehigh University and at the Massachusetts Insti- 
tute of Technology, both of which require in the under- 
graduate curriculum a basic elementary course in 
economics, ana both encourage electives in more ad-. 
vanced economics. M. I. T.’s graduate students may 
elect economics as a major or a minor interest or may 
elect to stay completely in other fields without further 
economic training. The suggestion was made that the 
use of materials in econometrics or the slanting of 
economics toward mathematics and engineering might 
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prove beneficial to our students. Elementary eco- 
nomics textbooks were suggested in which many worth 
while examples of economic principles are given in the 
field of engineering, no one of which alone met the 
Institute’s particular requirements, although a number 
of them were recommended for reading. 

For those scientists going into industrial positions an 
elementary course in economics is desirable but not 
enough. To be alert to the problems confronting the 
modern industrial executive—a role which an Institute 
graduate might sometime hope to play—courses in basic 
principles, economic theory, accounting, corporatestruc- 
ture and finance, business management, labor and per- 
sonnel problems, industrial relations, money and bank- 
ing, public finance, international economics, and mar- 
keting, all are important. In other words, to the Insti- 
tute graduate we would be saying, in effect, “Go ahead 
now, after you have completed your doctorate in 
chemistry and papermaking, and do Ph.D. work in 
economics.”’ This ideal, of course, is completely out 
of the question. The Institute is a school of paper 
technology. Its training in economics must always be 
an adjunct to the physical sciences. Therefore, it can 
never compete with undergraduate, let alone graduate. 
training in economics or with any of the accredited 
schools of business administration. The practical goal 
would be close to a cross between M. I. T.’s course in 
“economics and engineering”’ and a course in “business . 
and engineering administration.” But whatever the 
Institute attempted would have to be tailor-made by 
the Institute’s own staff. There was no pattern in the 
academic world which could be followed. 

In the earlier days of the Institute it was the custom 
for the staff members responsible for coordinating the 
academic program on the pulp and papermaking proc- 
esses and their principles to incorporate very elemen- 
tary economic considerations into some of the technical 
problems given to the students. When an economist 
was added to the teaching staff this phase of the work 
was expanded into a larger, more integrated technical 
and economic problem, with the economist responsible 
for teaching the necessary economic principles and 
techniques involved. By focusing the teaching of 
economics on a practical technical problem in the paper 
industry the Institute students were given a unique 
opportunity to consider technical and economic aspects 
coordinately and to reconcile and integrate the factors 
of importance in both fields. Thus, the pattern was 
set and a method was evolved which has shown some 
degree of effectiveness. Through the interest aroused 
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by tutorial guidance (possible because of the relatively 
small class) and the practical application of economics 
to the field in which they are particularly concerned, it 
is believed that the student will be encouraged to con- 
tinue, through self education, an interest in the subject. 

The results the first year were fairly good. The stu- 
dents were mature, having held responsible positions 
during the war, and they were aware of their need for 
some help in making economic analyses. The second- 
year results were not so good. That class had more 
students in it who had detailed research minds and who 
seemed frustrated and disinterested in working with 
ever-changing economic factors. To some, the con- 
clusion undoubtedly was reached that a career in scien- 
tific research was more to be desired than one in manage- 
ment, where decisions must constantly be made on the 
basis of many unstable factors, any one of which could 
alter quite suddenly the actual outcome. To hope to 
be correct in one’s appraisal of future economic condi- 
tions most of the time was a goal not very appealing 
to some who felt secure when working with relatively 
unchanging physical phenomena. But others in the 
class were challenged by the economic problem and 
handled complex economic data with nearly as much 
ease as material in a chemical problem. Some few 
showed more aptitude in handling the economic prob- 
lem than in the solution of some of their technical ones. 
Thus, the course proved to have value in self analysis in 
helping the students to determine their occupational 
goals, as well as to acquaint them with economic prin- 
ciples and techniques. 

After attempting to determine why the second group 
of students, on the whole, did not do as well as the first 
group, the decision was made to separate the economic 
problem from the pulping problem, which is a part of the 
second-year curriculum. The economic problem was 
to be assigned in the third year of graduate study after 
the training in pulp and papermaking had been com- 
pleted. Consequently, the decisions pertaining to the 
solution of the economic problem could be based on a 
higher degree of technical knowledge; this third-year 
approach would more nearly represent that of men 
holding responsible positions in industry. 

The economic problem chosen for 1948-49 was one of 
expanding a hypothetical book paper company in 
Appleton, Wisconsin, under conditions in the real 
economy at the time during which the students were 
working—that is, during a period of falling prices, a 
return to “normalcy” and keen competition in the 
industry as a whole, a buyers’ market generally, and 
with labor costs still high and with inflationary mone- 
tary policies still in existence despite deflationary con- 
ditions in the commodity markets. The company had 
received an offer from a group of hypothetical pub- 
lishers in Chicago and environs (when the problem 
was first given, newsprint was still very scarce) to take 
on contract 300 tons of newsprint if the mill would 
convert. The 12 third-year students worked in groups 
of two, each group having slightly differing assump- 
tions with regard to raw materials, methods of pulping, 
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and the final product. The problem forced the stu- 
dents to make a final decision as to whether expansion 
was or was not to be recommended. The decision was 
based on the general commodity and money market 
situations and the probable influence of additional 
production on current competition in a particular 
paper field. 

The economic problem was introduced by way of a 
series of lectures and intensive reading assignments 
which condensed a normal undergraduate semester 
course in elementary economics into a few weeks. 
The lectures covered the nature of economic research; 
basic economic concepts including principles of value, 
production, income, and distribution; types and prob- 
lems of modern industrial organization; the cost-price 
structure and; the role played by prices in allocating 
resources and in economic calculations generally; the 
nature and functions of money with stress on business 
and corporate finance; and the problem of planning in 
a company and in the economy generally—all, it must 
be said, superficially. The chief goal of the lectures was 
to define the special vocabulary or nomenclature of 
economics, to explain many of the yardsticks of business 
activity and the economy, and to point out important 
sources and helpful texts. After that, they were left 
alone with their particular problem. 

The assignment took about seven months to com- 
plete; during that time visiting lecturers discussed 
economic planning, corporation finance, banking, 
accounting tools and nomenclature, and marketing 
(planned but not held this last year). Some group 
discussions were held on the general assumptions in the 
problem and there were many individual consultations 
with various members of the faculty, During this 
same period the students were also required to show 
their ability in planning four or five research problems 
in technical fields, only a few of which had any eco- 
nomic aspects. Thus, the economic.,problem by no 
means occupied their entire attention during these 
months. 

In making the decision as to whether or not to expand, 
the students had to study a number of phenomena re- 
lating to the industry and the economy in general. 
The answer was not based on conditions that were 
definite. This was shown in the assumptions which 
formed the basis for the cost analyses and were reflected 
in the various financial statements. The assumptions 
were shown to be realistic ones in the period in which 
this year’s students were working as, for example, price 
declines and a shorter working week were assumed with 
raw material costs also declining but with labor rates 
staying the same or only slightly reduced. Some of 
the reports had as many as ten assumptions. 

The reports for the year 1948-49, which had to be 
substantiated orally before a faculty committee, indi- 
cated an extraordinary grasp of many economic consid- 
erations in the present economy that one might expect 
only from students doing graduate work in economics. 
There was, for example, a general recognition of the 
highly volatile situation in a declining commodity 
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market—a psychological aspect that scientifically 
trained students might fail dismally to understand. 
There were the vital issues of whether or not equity 
financing was possible in the present money market, 
and the longer-range problem of whether industry could 
depend upon equity capital in the future or would be 
foreed to seek other sources of funds to guarantee 
growth. There were the distortions of large inventories 
in the past high price markets and the problem of their 
effect on working capital in the falling price market. 
There were the considerations of the present under- 
statements of depreciation reserves. These and others 
equally as vital were discussed not as one might 
expect from an amateur student scarcely aware of 
terminology but as one who understood their true 
importance. 

It was to be expected that students of chemistry and 
engineering would find break-even charts useful in their 
analysis of whether or not to expand a paper company. 
And perhaps it was also to be expected, although 
deplored, that there would be considerable affinity for 
the current fad of business-cycle studies which predict 


2 Microscope 


The Testa Manufacturing Company claims excep- 
tionally high quality at low cost for their new standard 
laboratory microscopes. 

The Model F, illustrated, has a parfocal triple nose- 
piece and carries standard eyepieces and objectives of 
high resolving power. Its 4-mm. dry objective, for 
instance, will resolve the structure of the diatom Pleuro- 
sigma, the classical test for professional performance. 

The instrument has an adjustable draw tube as well 
as coarse and sensitive fine adjustment by means of 
camshaft in separate dovetails. The stand is sub- 
stantial and can be tilted for convenience of observa- 
tion. Every moving part can be compensated for wear. 

The elaborate substage is perhaps the most interest- 
ing feature. It consists of a removable condensing 
lens and an iris diaphragm which allows critical adjust- 
ment of the light reflected from the large plano and 
concave three-motion mirrors underneath, as is needed 
for oil immersion work. 

The standard Model F, available for immediate 
delivery, is furnished with one eyepiece and three 
objectives, covering a range from 100 to 600 X. How- 
ever, a complete line of standard eyepieces and objec- 


action on the basis of precise mathematical trend lines 
in a manner as definite as a chemist weighs a specimen 
on a sensitive balance. The amazement, perhaps, is 
that a good proportion of the scientifically trained 
students were able to see the limitations of applying 
precise mathematical tools to unpredictable and ever- 
changing economic factors. 

Our experience seems to point to the conclusion that 
the method of teaching economics evolved by the 
Institute over the last three years has more merit than 
any other for its own students and now needs only con- 
siderable perfecting to meet the needs expressed by the 
alumni. But it must not be forgotten that the goal of 
teaching economics at The Institute of Paper Chemis- 
try is not to train economists. The staff feels that, by 
the problem method, it is opening the minds of its 
students to economic considerations which may spell 
the success or failure of a technical process. The 
technically trained man who has an open mind toward 
economic considerations will play a more efficient and 
cooperative role in the teamwork which industry must 
have if progress is to continue. 





tives, including oil immersion, is offered permitting 
magnification up to 1500 X at high numerical aper- 
tures. 


@ Mercury Still 


The new induction-heated Eberbach Mercury Still 
is a fast, economical producer of high-purity distilled 
mercury. Electronic controls are, truly automatic; 
the still has start and stop buttons, and the operator 
needs only to supply raw mercury which begins to flow 
within 4 to 6 minutes after the start button is pushed. 


tp The Best Two out of Three? 


In scientific and engineering investigations a single 
measurement of an unknown quantity is seldom con- 


sidered sufficient. Two or more measurements are 
usually made in order to establish a check on instru- 
mental errors, operator’s errors in making readings, 
and the reliability of the sample. These multiple 
measurements have two principal advantages: They 
reveal by their concordance the precision of the measur- 
ing process, and they make possible the use of an aver- 
age of several measurements which will, in general, have 
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a higher precision than one measurement alone. If 
three measurements are made, it is fairly common 
practice for students to take the “best two out of 
three’’—averaging the two values closest together and 
discarding the other. Recently, however, Dr. W. J. 
Youden of the Statistical Engineering Laboratory at 
the National Bureau of Standards has shown that this 
procedure very often leads to less precise results than 
the averaging of all three measurements together. 

Experimental work frequently creates new situations 
in which the precision of the observations is not known 
in advance and must be determined from the same 
data that establish the estimated or average value 
assigned to the quantity being measured. While a 
single measurement cannot yield any estimate of the 
reproducibility of the value, two measurements do give 
a primitive indication of their precision. But in an 
entirely new experimental situation, two measurements 
may not give a reliable estimate of the precision, since 
any marked disagreement between the two readings 
may be due either to the inherent crudeness and 
inaccuracy of the measurement process or to some 
accident, such as the gross misreading of an instrument 
scale, which makes at least one of the measurements 
greatly in error. With two discordant observations 
and no other information, it is impossible to decide 
between these alternative interpretations. 

Three measurements is the minimum number that 
can conceivably reveal one of the measurements to 
be unreliable in a new experimental situation. Intui- 
tion suggests that if two of the three measurements are 
in close agreement while the third stands apart consid- 
erably removed from either of the others, then there 
may be grounds for suspecting and perhaps rejecting 
the third value. In terms of the difference between the 
two in good agreement, how different may the third 
measurement be before it should be suspected? Since 
this problem is important to all who make and interpret 
measurements, it is a little surprising that an answer has 
only recently been found. 

An approximate solution has been obtained in the 
Bureau’s statistical Engineering Laboratory through 
an empirical study of triads drawn at random from a 
large group of measurements constructed to conform to 
the characteristics of a normally distributed set entirely 
free from any gross errors. In this way, it is possible 
to examine a great many sets of three measurements and 
to determine, for example, how often the two differ- 
ences between adjacent values to a set of three measure- 
ments will bear a ratio of 5 to 1, 10 to 1, 20 to 1, or any 
other ratio that might be considered unlikely in the 
normal course of events. If only 1 out of 100 sets of 
three measurements contained a measurement differing 
from the others by as much as five times the difference 
between the two closest, then such an observation 
might reasonably be discarded in actual experimental 
data. But the empirical study actually showed that 
a rather unbalanced spacing between threemeasurements 
occurs quite frequently. In fact, the ratio of the two 
differences was as much as 16 to 1 in 10 per cent of 
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the sets of three measurements. In this connection, it 
is important to note that high ratios can result when 
two of the readings are very close or coincident while the 
third is not far removed. 

The mathematical solution of this problem has been 
obtained and the frequency of occurrence for various 
ratios of the two differences has been calculated. The 
following table shows for certain ratios the results of 
an empirical sampling study of 400 sets of three meas- 
urements compared with those predicted by the exact 
mathematical solution of the problem. 





TABLE 1 
Ratio of large to Frequency in 
small difference 400 sets 
4.0 or more 149 


9.0 or more 76 
19.0 or more 38 





Theoretical 
frequency 


145.2 


69.4 
33.9 








These results reveal that in an average of one out of 
every twelve sets, one of the measurements will be at 
least 19 times farther away from its neighbor than the 
difference separating the two closest. Since in every 12 
sets 1 shows such a spacing for measurements with no 
gross observational errors, it appears that measure- 
ments which should be retained are often dropped from 
the record. The problem of deciding on standards for 
the rejection of observations is one of long standing. 
Statisticians are again attacking this problem and, in 
the light of recent advances in the theory of small sam- 
ples, considerable progress can be expected. 


6 Cathodic Vacuum Etching 


A unique method of examining metal structure to 
determine quality and to aid in development of im- 
proved materials has been developed by Ford Motor 


Company engineers. It utilizes ionized atoms and is 
called cathodic vacuum etching. A metal sample 
has been tested by Don M. McCutcheon, of the 
company’s applied physics research department. The 
metal is placed in a partial vacuum containing argon, a 
rare gas. A charge at 12,000 volts is sent into the 
vacuum. This creates argon ions which bombarded the 
metal’s surface, knocking off minute particles and bring- 
ing out the true microstructure of the metal with 
greater detail and clarity. 


ee Physics of Water Vapor 


The second in a series of illustrated bulletins of the 
fundamental physics of water vapor as related to solid 
absorption dehumidfication has been published by 
Pittsburgh Lectrodyer Corp., Box 1766, Pittsburgh, 
Pennsylvania. It is a technical explanation of mois- 
ture and its effect on daily living. 


© Hot Plate 
A new, modernly designed hot plate has been 


announced by Thermo Electric Manufacturing Com- 
pany. Particular emphasis has been placed in design- 
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ing the hot plate to protect the built-in controls and 
the supporting table or bench from heat damage. 


e Mixer 


The Brookfield Counter-Rotating Mixer, manufac- 
tured by the Brookfield Engineering Laboratories of 
Stoughton, Massachusetts, makes available in the 
laboratory mixing speeds and results hitherto only 
available in large-production equipment. By using 
two motors driving two concentric oppositely rotating 
shafts, propeller equipped, the new mixer produces an 
annular rather than circular flow. 


@ Scintillation Crystal 


Synthetic cadmium tungstate is now being made by 
The Linde Air Products Company. Its physical and 
chemical stability, good optical transmission, and high 
photo-emission efficiency over a wide range of tempera- 
tures, place it high on the list of phosphors now under 
consideration for this application. 

Single crystals of pure cadmium tungstate are grown 
in the form of slender, approximately square-section 
rods. The crystals are clear, and pale yellow in color, 
with a density of 7.9 and an index of refraction of 2.2 
to 2.3, cadmium tungstate’s emission spectrum peaks 
just over 5000 A., and the crystal is transparent to its 
own emission. When compared under identical y-ray 
excitation with other materials now under considera- 
tion, anode current measurements indicate that this 
new tungstate possesses high phosphor efficiency which 
is maintained at a considerably high level throughout 
the temperature range of 0° to 75°C. In addition, 
synthetic cadmium tungstate is a durable crystal of 
high physical and chemical stability, allowing its use 
in installations subject to the action of water or high 
humidity, solvents, or dilute acids. Unlike other phos- 
phors under consideration, cadmium tungstate was 
found to have no appreciable long-time phosphorescence 
after exposure to mass dosages of radiation. 

Because of the extremely high refractive index, much 
of the light generated in cadmium tungstate crystals 
can be lost by total internal reflection. It is thus 
necessary that the shape and mounting of this crystal 
with respect to the photomultiplier tube be designed 


to minimize these losses. 


# Rayon 


Several useful teaching aids are available from the 
American Viscose Corporation, 350 Fifth Ave., New 
York City. These include two motion pictures, “How 
Rayon Is Made,” and “Science Spins a Yarn,” as well 
as a booklet entitled “Short Course in Rayon.” 


Krypton and zenon are now being made in quantity. 
Comparing krypton to argon—the most widely used 
rare gas—krypton and xenon have the advantages of 


lower thermal conductivity, lower electrical resistance, 
and lower potentials. They have other unique char- 
acteristics which make them peculiarly suited to certain 
uses. Research may uncover unknown characteristics 
of these gases and their mixtures for other uses. 

Krypton has been used recently to fill fluorescent 
lamps, miner’s cap lamps, and other miniature lamps; 
and krypton or xenon might be used instead of argon 
for incandescent lamps. In these applications kryp- 
ton’s properties may give either substantially longer 
life, or increased operating efficiency and brightness, 
without increasing power consumption. Argon is 
now used in ionization chambers for tracking cosmic 
rays, an application where krypton and xenon hold 
promise of being superior. Geiger-Miiller counters 
for detecting and measuring radioactivity use argon, 
krypton, and xenon; these last two might be used in 
increasing quantities. 

Xenon has replaced mercury vapor in certain thyra- 
trons and vacuum tubes. Unlike mercury, xenon will 
not condense at low atmospheric temperatures, and has 
electrical properties similar to mercury vapor. Xenon 
is being used in photographic ‘‘speed lamps” of the gas 
discharge type, and for other specialized uses. 

Refined krypton and xenon are available in glass 
flasks, and in steel cylinders for larger users. Purity 
standards are high. 


re) Teaching Conditions 


“Teaching Conditions and the Work Week of High- 
School Science Teachers” is the 1947-48 bulletin of the 
National Science Teachers Association. This bulletin 
is a report of three studies. The first, an investigation 
into the science teaching conditions in New York state, 
was carried on by a committee of teachers and subsi- 
dized by a grant from the General Electric Company. 
The second is a response summary of an opinion-seeking 
questionnaire sent to principals and science teachers in 
various localities throughout the country in order to 
determine the essentials of efficient laboratory in- 
struction. The third study summarized present work- 
week schedules among science teachers at the secondary 
school level. Copies (25 cents) are available from the 
N.S.T.A., 1201 Sixteenth Street, N. W., Washington 6, 
D.C. 


e Standard Samples 
An up-to-date list of standard samples issued or in 


preparation by the National Bureau of Standards is 
now available from the Bureau’s Publication Section. 
The Bureau now issues more than 400 different kinds of 
standard samples, comprising materials of certified 
composition such as metals, ores, and ceramics; high- 
purity hydrocarbons; certain high-purity chemicals; 
paint pigments for color; oils for viscometer calibra- 
tions; melting-point standards; radioactive materials; 
and a number of reference standards, such as lamp 
opacity, and reflectance standards. 





Report of the 


THE MANUFACTURE OF ABRASIVES' 


Ay asrasive in Webster's Collegiate Dictionary, is 
defined as “‘A substance used for abrading, as for grind- 
ing, polishing, etc.” This definition is not too informa- 
tive, so let us consider some of the essential qualities of 
an abrasive particle with a view to getting a little better 
background. 

(1) An abrasive must be relatively hard, harder than 
the material to be ground. 

(2) An abrasive must be strong, to resist the forces 
applied in grinding without deforming or breaking. 

(3) An abrasive must be refractory so that it does not 
fuse and become dulled at grinding temperatures. 

(4) An abrasive must be inert and neither react with, 
nor go into solution, in the material being ground. 

(5) An abrasive should have good fracture character- 
istics so that when the cutting edge becomes dulled, the 
grain will fracture, presenting a new sharp cutting 
point. 

It should perhaps also be pointed out that there are 
certain exceptions to these rules. One rather common 
exception is in polishing or imparting a high lustre to a 
surface, where little or no stock is removed. In such 
cases, it is not uncommon to use an abrasive softer than 
the work being ground. 


BRIEF EARLY HISTORY 


Abrasives have been recognized and used for many 
centuries; however, their commercial importance be- 
fore 1900 was of minor significance. With the advent 
of precision machinery and subsequently, mass produc- 
tion and finer finishes, the need for good abrasives in the 
industrial world became very marked indeed. We do 
not propose to discuss here the older, natural forms of 
abrasive such as garnet, emery, flint, silica, corundum, 
and sandstone. We are going to try to give you an out- 
line of a more modern conception of abrasives. Manu- 
factured abrasives, sometimes referred to as “‘crude 





1 Based on a paper presented at the Eleventh Summer Con- 
ference of the New England Association of Chemistry Teachers, 
University of New Hampshire, Durham, New Hampshire, August 
24, 1949. 


JOHN A. UPPER, Research Engineer 
Norton Company, Chippawa, Ontario, Canada 


artificial abrasives’? made their appearance between 
1890 and 1900. Their advent was a natural result of a 
need for increased industrial precision. Natural abras- 
ives suffered from the common complaint that their 
quality was not always uniform. The introduction of 
harder metals, alloys, and cemented carbices necessi- 
tated harder abrasives with which to grind them. 


COMMERCIAL ABRASIVES 


Let us now consider the most commonly used types ol 
commercial abrasives. 

Aluminum Oxide. Without question the most impor- 
tant of the commercial abrasives is fused aluminum 
oxide, crystallized in the form of alpha alumina. 

Alpha alumina has a chemical composition repre- 
sented by the formula Al,Os3, a density of 3.99 g./ml., is 
crystallized in the rhombohedral system, and has a melt- 
ing point of 2050°C. 

Various types of alpha alumina are manufactured for 
certain specific applications. These types differ from 
each other in chemical purity. The types and amounts 
of impurities present affect the physical characteristics 
of the abrasive. Generally speaking, hardness and 
brittleness increase with increasing purity. Different 
manufacturers of abrasives have given specific trade 
names to these or similar compositions of material. 
For the sake of brevity and clarity, we will employ the 
nomenclature used by Norton Company. Let us, 
therefore, consider the various types of aluminous abra- 
sives in order of ascending purity. First, we have: 

Regular Alundum (94.5 per cent AlzOs). Most of the 
aluminum oxide sold is in this purity range. It is a 
tough abrasive that can stand a lot of abuse. It is used 
principally for the grinding of very strong, tough ma- 
terials such as various types of steel, annealed malleable 
and wrought iron, and tough bronzes. It is a heavy- 
duty abrasive. 

57 Alundum (97.5 per cent AlsO;). Material of this 
purity is somewhat more brittle and not so tough as 
Regular Alundum. It is especially well suited to the 
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centerless, cylindrical, and internal grinding of steels 
and cast irons. 

38 Alundum (99 per cent plus AlO;). While both 
Regular and 57 Alundum are brown originally and a 
deep blue after heat treatment, 38 Alundum is a snow 
white material. It is full of visible and microscopic 
columnar pores and is consequently much more brittle 
than either Regular or 57 Alundum and has a very sharp 
fracture. This material is used on light grinding opera- 
tions and for grinding the hardest steels, stellite tools 
and cutters, and the grinding of dies and gages. 

32 Alundum (99 per cent plus Al,O;). This is a new 
abrasive made exclusively by the Norton Company 
under a unique patented process. Grain for grain, 32 
Alundum has a higher volume per cent of alpha alumina 
than any other commercial aluminum oxide abrasive. 
It is a very hard, surprisingly tough abrasive with ex- 
cellent fracture characteristics and is particularly well 
suited for heavy grinding operations on hard steels be- 
cause it cuts fast and cool. 


A COMPARISON OF QUALITY 


At this juncture it might be well to make a generalized 
comparison of the various types of aluminous abrasives 
from a standpoint of some known physical constants. 





A Quality Comparison of Aluminous Abrasive 





Net volume 
per cent of 
alpha 
alumina in 


Per cent 
Al.O; 
present in 
extraneous Per cent abrasive 
analysis phases porosity _ particle 


94.5 4.5 0 90 
97.5 2.5 0 95 
99.4 5.0 5.0 89.4 
99.0 0 0 99.0 


Per cent 
Al,O; b Yy 
chemical 


Abrasive type 





Regular Alundum 
57 Alundum 
38 Alundum 
32 Alundum 





Considering the tabulated data, if we assume that the 
intrinsic value of such materials is proportional to the 
net volume per cent of alpha alumina present in the 
abrasive particle, it may be appreciated that a consider- 
able range of qualities is covered by these four general 


types. 
METHODS OF MANUFACTURE 


The methods of manufacture of all fused aluminum 
oxide abrasives are essentially the same. All are elec- 
tric furnace products. They are all produced directly 
or indirectly from bauxite ore. Let us, therefore, from 
this starting point, follow the manufacture of some fused 
aluminum oxide abrasive. 

First of all, we need some bauxite ore. This ore is a 
claylike mineral, rich in hydrated aluminum oxide that 
occurs in many parts of the world. Bauxite ore is 
usually obtained from open pit mines and occurs in 
abundance in Arkansas, and in the Guianas in South 
America. Of the many known deposits of bauxite, only 
a few are suitable for the manufacture of highxgrade 
abrasives. 

After mining, the bauxite ore is usually calcined in a 


large oil- or gas-fired calciner, where the free water is re- 
moved and the combined water is reduced to a mini- 
mum. The following table sets forth typical examples 
of the chemical composition of calcined bauxite ore from 
several sources: 





Analyses of Calcined Bauxite 


Dutch Guiana British Guiana 
Surinam Ore, % Demerara Ore, % 


0.55 0.11 
1.07 0.28 
3.64 4.90 
9.55 3.05 
3.18 3.38 
0.05 0.05 
Trace Trace 
0.32 0.19 
81.64 88 .04 





Arkansas 
Ore, % 


0.26 
0.58 
4.66 
8.60 
3.93 
0.18 
0.08 
0.57 
81.14 








Now let us suppose that we are required to produce 
some Regular Alundum from one or more of these cal- 
cined bauxites. A typical analysis for Regular Alun- 
dum would be: 


94.78% 


It appears now that in order to produce a Regular 
Alundum composition, we shall have to reduce out a lot 
of impurities from the bauxite ore. Metallurgical coke 
screenings are about the cheapest source of reducing 
agent that we have been able to find. It has a chemi- 
cal analysis approximately as follows: 


4.8% 
5.43% 
3.96% 


15.81% 


H.O.... 


Fixed carbon..............+-. 


It now appears that we have the basic materials 
necessary and all that we are lacking is a suitable re- 
actor in which to carry out the necessary reduction. 

We find, very conveniently, that a person by the 
name of Aldous C. Higgins has already invented an elec- 
tric furnace which would be pretty well suited to this 
job. This furnace consists of a cylindrical, unlined 
steel shell, approximately 5 ft. in diameter by 5 ft. deep, 
open at the top and closed at the bottom, the bottom 
being covered with carbon bricks. Cooling water is 
sprayed at the top of the shell by means of a circum- 
ferential spray and cascades down the outside of the 
shell. Two or three electrodes of carbon or graphite 
project into the open top of the furnace. These elec- 
trodes are connected through the furnace power-regu- 
lating devices to a source of electrical energy. The 
furnace is half filled with the material to be fused, the 
electrodes are lowered to contact the top of the charge, a 
starting batch of metallurgical coke is laid between the 
electrodes, and the power is applied. The coke is 
rapidly heated to incandescence and the fusion of baux- 
ite is thus initiated. Once a small pool of molten ma- 
terial is formed, the fused bauxite becomes the conduc- 
tor and thereafter carries the current. 
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New mixture is next fed to the furnace through the 
open top and the run progresses until the shell is full. 
During the entire run, the rate of power input to the fur- 
nace is maintained at the desired level through suitable 
furnace power-regulating devices, which raise and lower 
the electrodes automatically to maintain a constant and 
predetermined rate of power input by varying the total 
resistance in the circuit. Resultant fumes, gases, and 
dust are removed by an exhaust hood system. The 
rate of power input to such a furnace is in the order of 
500 to 1000 kw., at a constant voltage in the order of 
140 to 170 volts. 

It now appears that we have the necessary basic in- 
gredients and the necessary chemical reactor. The 
only thing that is missing appears to be a little knowl- 
edge of chemistry to make up a suitable furnace mix- 
ture. We know that at the proper temperature, carbon 
will attack certain metallic oxides to liberate the parent 
metal. Let us therefore calculate how much carbon 
we shall need to produce Regular Alundum from Arkan- 
sas bauxite. The major reactions taking place in the 
process will in all probability be represented by the fol- 
lowing equations: 

Sid. + 2C > Si + 2CO 
Fe,0; + 3C — 2Fe + 3CO 
TiO. + 2C +> Ti + 2CO 


It would appear from these equations that we are 
going to have considerable volumes of carbon monoxide 
evolved from the process, and also that we are going to 
produce a metal phase which is a necessary by-product 
but which has no value as an abrasive. We might also 
speculate that such a metal phase would cause trouble 
in the manufacture of ceramic bodies, such as grinding 
wheels, causing a disturbance in the bend, and spotting 
of the wheel. Let us, therefore, consider ways and 
means of removing this metal phase. Offhand, it would 
appear that its density would be considerably higher 
than that of molten alumina, and that it would sink to 
the bottom of the melt. However, there is also the 
probability that as the furnace run progresses, the bot- 
tom part of the melt freezes up about as fast as the 
top part is fused. This action would tend to disperse 
the metal throughout the finished ingot and make it 
very hard to separate. It appears, therefore, that we 
cannot entirely rely on a natural segregation of the 
metal, but should apply some other artifice. Let us, 
therefore, add a sufficient amount of iron borings to the 
melt so that the resultant by-product alloy will never 
contain more than about 15 per cent silicon, .We know 
that ferrosilicon alloys containing less than 15 per cent 
silicon are quite susceptible to magnetic forces, while 
alloys containing: greater amounts of silicon are not 
nearly as susceptible to magnetic treatment. 

The method for mixture calculation now. becomes 
relatively straightforward. If the ore available con- 
tains, say 4.66 per cent SiO. and we want the final prod- 
uct to contain 1.62 per cent SiOz, we subtract 1.62 from 
4.66, leaving 3.04 per cent SiO. that. we must reduce. 
From the equation: 
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SiO. + 2C — Si+ 2CO 
Formula Weights: 60+ 24—. 28+ 56 
Proportions: 1 + 0.4 > 0.467 + 0.933 


it appears that each pound of SiO, we are going to 
reduce will require 0.4 Ib. of carbon. Thus, if we as- 
sume that our basic batch weight is 1000 Ib. of bauxite 
ore, and that we must remove 3.04 per cent of silica. 


the amount of carbon we must add to reduce the silies 
to the desired value will be, 


= x< 1000 < 0.4 = 12.06 lb. of carbon 


However, the metallurgical coke screenings we are using 
for a reducing agent contains only 74.53 per cent of 
fixed carbon, therefore, the amount of coke we must add 
becomes, 
12.06 
0.7543 
Now in the reduction of our silica, we obtain 0.467 lb. of 


silicon metal for each pound of silica reduced. In the 
reduction of 1000 lb. of ore, we have produced: 


= 16.1 lb. of coke 


3.04 x 1000 x 0.467 = 14.2 Ib. of silicon 

100 
which if the metal is to be magnetic, must not represent 
more than 15 per cent of the metal phase. 

Now the ore that we are working with contains 8.60 
per cent Fe.O;. The final product contains 0.13 per 
cent Fe.03. Thus, we must remove 8.47 per cent Fe.0, 
during the reduction. The equation: 


Fe.0; a 3C — 2Fe + 3CO 
Formula weights: 159.7 + 36 > 111.7 + 84 
Proportions: 1 +0.225—> 0.70 + 0.525 


indicates that for every pound of Fe2O; in the ore, we 
must add 0.225 lb. of carbon to perform the necessary 
reduction. 


8.47 | 0.225 

100 xX 1000 X 0.7543 25.3 Ib. of coke 
Now, in reducing the Fe,O; the desired amount, we have 
produced 0.70 lb. of iron for every pound of FeO; re- 
duced. Therefore, the amount of iron produced per 


1000-lb. batch of ore will be: 


pa X 1000 X 0.70 = 59.3 lb. of iron 


Previously we calculated that this ore would yield us 
14.2 lb. of silicon per 1000-lb. batch. Now, to make the 
by-product metal magnetic, the amount of iron required 
per batch will be: 


0.15X = 14.2 


therefore, 

X = 94.6 lb. of iron 
By reduction we have obtained 59.3 lb. of iron, there- 
fore, we must add 96.4 — 59.3 = 37.1 lb. of iron per 
1000-Ib. ore batch. Now the available borings contain 
only about 85 per cent Fe, so that the borings addition 
we must make will be: 
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The amount of carbon required in furnace mixtures to 
produce the needed reduction in titania are calculated 
in the same way as the silica reduction outlined above. 

From the equation: 

TiO, + 2¢—~ Ti+ 2C0O 
Formula weights: 79.9 + 24—-47.9+°' 56 
Proportions: 2+ O.0 = 0.6 + 67 
Now our Arkansas ore contains 3.93 per cent TiOe, our 
produet contains 3.47 per cent TiOs, therefore, we must 
reduce 3.98% — 3.47% = 0.46 per cent TiOs. 

Therefore, the amount of coke required for titania re- 
duction will be: 


0.46 0.3 
100 < 1000 <x 0.7543 1.83 lb. of coke 


Thus, the total coke required per batch will be: 


WEP IOHR gS os cg occ wa 16.1 lb. 
ene Fa a eee ee 


For TiO: 1.83 lb. 
43 .23 lb. 


Thus, we calculate our furnace mixture to contain: 
Arkansas bauxite 


Metallurgical coke................. 
Tron borings 


43.23 lb. 
43.60 Ib. 


Complicating the above direct approach, it will be 
found that these reactions are to some extent reversible 
and that the equilibrium point for each one changes 
with concentration of the reduction products. Iron 
oxide is most easily reduced, silica is reduced with 
somewhat more difficulty, and titania is most difficult 
to reduce. If the silicon concentration in the metal 
phase is low, the reduction of titania is most difficult. 
As the silicon concentration in the metal phase in- 
creases, the reduction of titania is facilitated. 

When the furnace is filled the power is cut off and the 
furnace is allowed to cool for approximately 12 hours. 
The fused ingot is then removed from the shell and 
allowed to cool in the air for about a week. When the 
pig or ingot is cold it is placed on a breaking floor where 
the partially converted outer layer is removed to be re- 
eycled, while the balance of the ingot is broken up into 
lumps small enough to be fed into crushers. With the 
exception of 32 Alundum the furnace products are then 
crushed and milled down to produce abrasive grains. 
In some cases the grains are further refined by heat 
treatment, chemical treatment, or calcination. 

In the case of 32 Alundum it is merely crushed down 
to 24-inch lumps and fed into a hydrometallurgical 
process where the water-soluble sulfides are leached out, 
freeing the individual crystals of alumina. The indi- 
vidual grains so produced are actually discrete crystals 
that require no further crushing or milling and so pos- 
sess the intrinsic strength of a single unstrained crystal 
of dense alpha alumina. The electrical energy ‘on- 
sumed in the manufacture of aluminum oxide abrasives 
is in the order of 1 kw.-hr./lb. of product. 


SILICON CARBIDE 


The second most widely used abrasive is silicon car- 
bide. Silicon carbide has a chemical composition repre- 
sented by the formula SiC, a density of 3.217 g./ml., and 
its crystal development for abrasive purposes is hexa- 
gonal. SiC has no liquid phase, starts to sublime at 
about. 2300°C., and above 2650°C. completely dissoci- 
ates, leaving behind pseudomorphic graphite. 

It is manufactured by various companies and is 
marketed under such trade names as Carborundum, 
Crystolon, etc. In general, there are three types of sili- 
con carbide marketed for abrasive purposes, green, gray, 
and black. The basic color of the silicon carbide is de- 
pendent upon the amount and type of impurity present. 
Various iridescent hues may be imparted to the surface 
of this abrasive by heat treatment. Unlike aluminum 
oxide abrasives, the range of purities represented by the 
various color types of SiC is very narrow. SiC made 
for.abrasive purposes has a purity of 98 to 99.5 per cent 
SiC. Consequently, the differences in physical proper- 
ties between the color types are very small indeed. 

Silicon carbide is used principally for the grinding of 
very hard nonductile materials of relatively low tensile 
strength such as stone, ceramic bodies, cemented car- 
bides, and certain cast irons. It is also used on brass, 
soft bronze, aluminum, copper, rubber, and leather. 
Green SiC is preferred by some operators for the grind- 
ing of cemented carbides. 

The method of manufacture of SiC presently consists 
of heating in an electric resistance furnace, a mixture of 
high-purity coke and silica sand. The reaction pro- 
ceeds according to the equation: 


Sid. + 3C— SiC + 2CO 
60+ 36— 40+ 56 


Formula weights: 
1+0.6—-0.66 0.94 


Proportions: 


The silica used in the manufacture of silicon carbide 
is high-purity material containing approximately 99.5 
per cent SiOz, the remaining '/2 per cent being iron 
oxide, alumina, etc. Various sources of carbon are 
used, depending upon the purity desired in the final 
product. For highest purity silicon carbide, pitch coke 
is used, which has a typical analysis such as: 


2.4% 
91.8% 

5.45% 

0.26% 
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In calculating the amount of coke required in the 
above reaction, it is necessary to consider only the fixed 
carbon of the coke. To a 1000-lb. batch of sand, we 
must add: 


0.6 
0.995 X 0.918 1000 = 650 lb. 


In general, sawdust is added to the furnace mixture 
to impart porosity to facilitate the escape of the large 
volumes of gas evolved, since 1.4 tons of CO are pro- 
duced per ton of SiC formed. Sodium chloride is also 
generally added to chlorinate the impurities out of the 
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reacting materials, with a view to improving the purity 
of the final product. 


THE ELECTRIC RESISTANCE FURNACE 


Silicon carbide is manufactured in an electric resist- 
ance furnace consisting generally of a brick-lined struc- 
ture in the shape of a rectangle. A common size for 
such a furnace would be 50 ft. long by 8 ft. wide by 8 ft. 
high. Through each end of such a furnace project one 
or more electrodes. The sand, coke, and sawdust mix- 
ture is loaded into the furnace to the level of the elec- 
trodes. A granular core consisting of metallurgical 
coke is then installed from one end to the other. The 
core is then covered with more of the sand-coke-sawdust 
mixture which is heaped up to a peak on top of the fur- 
nace. The furnace is‘now ready to operate. Electrical 
connections are made to the electrodes passing through 
the furnace ends and power is applied. The voltage is 
increased until the power input is brought to the de- 
sired value, then the voltage is adjusted to maintain the 
desired rate of power input. The rate of power input 
commonly used in commercial furnaces is in the range of 
1000 to 2000 kw. The time required to complete a run 
in a commercial furnace is approximately 36 hours. 

After the furnace has cooled for a period of about 12 
hours the sidewalls are removed, allowing the uncon- 
verted outer mixture to spill out on the floor, thereby 
accelerating the rate of cooling of the SiC ingot. After 
several days have elapsed the ingot is cool enough to dis- 
charge. This is largely a manual labor job, since the 
cross section of a SiC ingot is made up of several zones 
consisting of rough annular areas concentrated about 
the granular core. 

In the very center of the ingot we fine the graphitized 
remains of the metallurgical coke resistor. This is sur- 
rounded by an annulus of coarsely crystallized SiC, on 
the inner surface of which are often found areas of 
pseudomorphic graphite. Surrounding the product 
zone is a closely adhering layer of imperfectly converted 
material called firesand, which in turn is enveloped in 
still another annulus of only partially converted ma- 
terial called crust. 

The true SiC must be removed from the ingot care- 
fully to get the desired high-purity SiC required for 
abrasive purposes. The energy required for the re- 
action in commercial furnaces is 4 to 6 kw.-hr./lb. 
The resultant product so obtained is next crushed to 
size, alkali and acid treated, heat treated, etc., to pro- 
vide finished grain for various abrasive purposes. 


BORON CARBIDE 


One of the newer abrasives is boron carbide, developed 
and produced exclusively by the Norton Company, 
under the trade name of Norbide. Boron carbide has a 
chemical composition represented by the formula 
B.C, a density of 2.50 g./ml., is crystallized in the hexag- 
onal system, and.has a melting point of about 2550°C. 
Boron carbide is harder than silicon carbide and is the 
hardest material yet manufactured. 
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To illustrate its relative hardness, as measured by a 
Knoop Indentor using a 100-g. load, we would like to 
cite a few-examples: 


Material Knoop Number K100 


Diamond 


Boron carbide, as an abrasive, is used entirely for 
loose-grain applications as a relatively cheap substitute 
for diamond dust. It is not suitable for use in grinding 
wheels. However, because of its extreme hardness it 


-has many nonabrasive applications such as the produc- 


tion of precision gages, sand-blast nozzles, etc., where 
its tremendous resistance to wear makes possible certain 
commercial processes heretofore impractical. 

Let us now follow the production of some high-grade 
boron carbide. Boric acid may be used as a source of 
boron if it is first dehydrated. In an especially de- 
signed electric furnace the reaction is carried out accord- 
ingly: 

2H;BO; + heat BO; oo 3H.O 


Attempts to produce high-purity boron carbide in 
conventional are and resistance type furnaces have only 
resulted in the production of a product very rich in car- 
bon and B,0;. This fact suggested an entirely different 
type of furnace to exclude the air from the reaction 
chamber. This consists of a horizontal cylinder of steel 
completely enclosed except for an axial hole through 
each end to accommodate a graphite electrode, and a 
number of vent pipes to permit the escape of gas 
evolved. This furnace is equipped with external water- 
cooling sprays to keep the steel shell from melting. 

A suitable mixture to be charged into this furnace is as 
follows: 


Formula weights: 139.28 +  84—-55.28+ 168 
Proportions: 1 + 0.603 — 0.397 + 1.206 


Since high-quality coke contains only 91.89 per cent 
carbon, to each pound of anhydrous boric oxide must be 
added: 


0.603 


91.89 = 0.656 lb. of coke 


In order to preclude the possibility of air entering the 
furnace, the mixture is dampened with a hydrocarbon 
such as kerosene, which upon heating will volatilize and 
expel the air within the furnace. The furnace is heated 
for 24 hours by a heavy current at low voltage, after 
which it is cooled. The resultant product is pitch 
black, waxy, and lustrous. When the high-purity bo- 
ron carbide is separated from the partially converted 
materials in the outer zones of the furnace is it found 
that the energy consumption is about 20kw.-hr./Ib.! of 
boron carbide produced. 





Edit 
chus 
mer 
York 
357 


Ti 
form 
istic: 
knov 
of p 


prin 
bour 
are é 
Pols 
Met 
steir 


To the Editor: 

I see your contributor from Illinois State Teachers 
College is horrified that a “practice teacher” thought he 
could make copper sulfate from concentrated sulfuric 
acid and copper. May I point out the following se- 
quence: heating copper in concentrated acid, get: 


Cu + H,S0,-> CuO +80, +H:0 (1) 
Then with more acid: 
CuO + H,SO, > CuSO, + H,0 (2) 


On cooling, then add water, cautiously: 


So the trouble with the ‘practice teacher’ was that 
he did not fully recall what he had read! 

The overlined substances may be gas or vapor, under- 
lined are solids. A little of the Water product of (1) 
if retained by the excess acid might promote reaction 
(2). 
I thoroughly agree with the general tenor of the 
article. But most teachers cannot afford A. C. S. 
membership, and too few articles in Industrial and 
Engineering Chemistry ever touch on their immediate 


problems. 
T. W. Fow.e 


541C Siuus STREET 
Des Mornss 15, Iowa 


Kecent- Boake 


@ MONOMERS 


Edited by E. R. Blout, Polaroid Corporation, Cambridge, Massa- 
chusetts, and W. P. Hohenstein and H. Mark, Institute of Poly- 
mer Research, Polytechnic Institute of Brooklyn, Brooklyn, New 
York: Interscience Publishers. Inc., New York, 1949. xiv + 
357 pp. 34figs. 46tables. 17.5 X 25.5cm. $7.50. 


Tuts book is part of a program to publish in readily accessible 
form pertinent physical and other data and chemical character- 
istics of certain monomeric organic substances that “have been 
known for a long time, although their capacity for the formation 
of polymeric molecules has been appreciated and exploited in a 
practical way only recently.” 

It consists of eight separate sections of 32 to 64 pages each, 
printed from typewritten copy by the planograph method, and 
bound into a loose-leaf binder. The subjects and their authors 
are as follows: Acrylonitrile, Irving Waltcher; Butadiene, Sylvia 
Polstein; Isobutylene, Prina Spitnik; Isoprene, Prina Spitnik; 
Methyl] Methacrylate, Richard S. Corley; Styrene, Sylvia Pol- 
stein; Vinyl Acetate, Paul Fram; and Vinyl Chloride, Harold 
Shalit. All the authors are affiliated with the Institute of Polymer 
Research, Polytechnic Institute of Brooklyn, excepting Richard 
8. Corley who is with Polaroid Corporation. Three other sec- 
tions are in active preparation. 

In general, each section contains outlines and discussions of the 
laboratory synthesis and industrial preparation of the subject, 
purification, analysis, care and handling, physical proberties, 
chemical properties, polymerization, and a bibliography. The 
discussions are necessarily brief. Most of the laboratory prepa- 


rations are given in good detail but some of them are simply 
outlines of untried or untested methods taken from the literature. 
In the other parts of each section there is much valuable informa- 
tion, and the bibliographies are good. The many tables and 
graphs of physical constants are well constructed and contain a 
great deal of data. Some of the parts on polymerization are 
completely out of date. 

The reviewer found many mistakes of different kinds—alto- 
gether too many for a book of this nature. Structural formulas 
are usually the best means of illustrating a réaction, and the book 
contains many of them; but some are obviously in error, and some 
are even misleading. Under chemical properties of vinyl acetate, 
in all cases, —COOCH; should be—OCOCH;. The series on the 
lower half of page 7 under Isoprene is not understandable. 
Under Methyl] Methacrylate, page 19, ‘“carboxymethy]” should 
be ‘‘carbomethoxyl”; page 20, ‘‘n’” should be ‘‘N’’, and the for- 
mula following them isin error. Under Styrene, page 4, the follow- 
ing misstatement was noted, “ethylene by dehydrogenation of 
acetylene made from calcium chloride and coal.” ‘‘Distil’’ 
and ‘‘distills’’ are found in the same paragraph, and phosphorus 
is frequently misspelled “phosphorous.” Sodium polymeriza- 
tion of butadiene gives a large proportion of 1,2-addition poly- 
mer, not all 1,4 (page 39, Butadiene). Butadiene-styrene syn- 
thetic rubbers are discussed but the formulas for making them are 
prewar, whereas the postwar literature is full of the later types. 
The term Buna-S is included, but GR-S is not mentioned. The 
annual war preparation of 132,000 tons of butyl rubber was the 
original plan but all the later government reports and literature 
tell how this amount was cut in half. Ozonization of butadiene 
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‘in petroleum ether gives formaldehyde and acrolein, indicating 
1,3-addition.”” This, of course, should be ‘1,2-addition” (page 
34, Butadiene). Reference (28) (page 9, Isoprene) should be 
(54). Et cetera. 

However, in spite of these criticisms, the good points outweight 
the bad points and the reviewer is willing to state that people 
interested will find much of value in this book. 

HARRY L. FISHER 


U. 8. InpustriaL Caemica.s, Inc. 
BALTIMORE, MARYLAND 


e STEEL AND ITS HEAT TREATMENT, VOL. III 
D. K. Bullens and The Metallurgical Staff of the Battelle Memorial 


Institute. John Wiley and Sons, Inc., New York, 1949. Fifth 
edition. xxxiv + 606pp. 142tables 283 figs. 15 xX 23 cm. 
$7.50. 


Tue fifth edition of this excellent book brings up to date the 
information on engineering, alloy, constructional alloy, and special 
steels. The first section, devoted to engineering alloy steels, 
contains five chapters which discuss the general properties of steel, 
the effect of alloys on the phase diagram, alloy elements present 
in very small amounts, effect and cost of some alloying elements, 
influence of alloy elements on steels which are not heat treated. 
The second section, discussing alloy steels in which hardness is 
the main objective, contains seven chapters giving information 
covering various alloy steels, steel castings, the problems in ob- 
taining toughness at high hardness, spring steel manufacture, 
and carborizing of alloy steels. The third section contains 
nine chapters which take up different aspects of special steel 
treatment; among the topics discussed are nitriding, steels for low 
temperature, high-temperature service, corrosion resistance, 
wear resistance, various tool and die steels, and magnetic steels. 

This well-written volume should be of great interest to teachers 
of physical chemistry who are interested in the application of 
their material. It would be an excellent text for a course in steel 
metallurgy. 


ARTHUR A, VERNON 
Boston, MASSACHUSETTS 


& THE COLLOID CHEMISTRY OF THE SILICATE MIN- 
ERALS 


C. Edmund Marshall, Professor of Soils, University of Missouri, 
Columbus, Missouri. Academic Press, Inc., Publishers, New 
York, 1949. Volume I of Agronomy. ix + 195 pp. 21 tables. 
85 figs. 16 X 24cm. $5.80. 


Tuts book is published as Volume I of “Agronomy,” a series of 
monographs prepared under the auspices of the American Society 
of Agronomy. 

The author and the publisher deserve credit for being the first 
to write and print a book specifically dedicated to a compre- 
hensive discussion of a field which has so far not received the 
attention it unquestionably deserves. The chapters dealing 
with the silicate structures, their three-dimensional and planar 
frameworks, are very well outlined and offer an excellent con- 
densation of our present concepts. The chapter on size and shape 
of clay particles also deserves special attention, because it is the 
first comprehensive discussion based on electron microscope 
studies. Unfortunately the author seemingly was not familiar 
with the work of Nils Hast of Stockholm in this field, who has 
made very valuable contributions. 

The reviewer, himself a colloid chemist, is, however, somewhat 
disturbed about the title of the book, because it might give the 
reader only a very one-sided picture of the importance colloid 
chemistry is playing in this field. Just to mention a few points 
on which this opinion is based: In the chapter on optical proper- 
ties the a ithor discusses orientation in flowing suspension and 
electrical orientation; he neglected to mention, however, the 
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most basic contributions in this field and the applications this 
phenomenon has found in science and industry. The chapter 
dealing with thixotropic clay sols lacks reference to some funda- 
mental observations which have clearly proved that the cause 
of this phenomenon is no longer a debatable issue. In the chap- 
ter on-clay films, reference to the original discovery and its in- 
dustrial application is lacking entirely. Finally, the reviewer 
feels that a book on “The Colloid Chemistry of the Silicate Miner- 
als’”’ should at least give credit to some previous contributions 
in this field, as for example, the article “Colloid chemistry of 
clays” which appeared in Chemical Reviews in 1945; or the chap- 
ter on “Colloid chemistry of clay minerals and clay films” 
as it appeared in Volume VI of Jerome Alexander’s ‘‘Colloid 
Chemistry” in 1946; the book on “‘Traite de Physico-chimie des 
Silicates” by P. Gilard, published in 1947; and the book on 
“Studies on Ionic Exchange” by L. Wiklander, published in 1946, 
The reviewer also feels that a reference to W. P. Kelley’s book, 
“Cation Exchange in Soils,” published as A.C.S. Monograph 
109 by the Reinhold Publishing Corporation in 1948 should not 
have been overlooked. 

In spite of these deficiencies, this book deserves the attention 
of all those who are interested in a summarizing, although not 
quite up to date, review of the structure and shape of silicate 
minerals and their chemical and physical interpretation. 

ERNST A. HAUSER 


MAssaAcHuseEtTts INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


i 


© PRE-MEDICAL PHYSICAL CHEMISTRY 


F. A. Matsen, Jack Myers, and Norman Hackerman, Asso- 
ciate Professors, University of Texas. The Macmillan Company, 
New York, 1949. viii + 344 pp. 104 figs. 57tables. 13.5 x 
2lcm. $4.75. 


Tue topics covered in many physical chemistry courses for 
premedical students are about the same as those covered in stand- 
ard courses; differences are often in detail of treatment and in 
the extent to which mathematics is used. The authors of this 
text, however, have chosen their subject matter with more than 
the customary emphasis on those topics and illustrations which 
have obvious connection with medical studies. Whether or not 
they have chosen wisely is a matter of individual opinion. 

They have, for example, devoted almost a third of the text 
to surface phenomena: adsorption, surface films, electrokinetics, 
stability of colloids, membrane potentials, and so on. This 
emphasis has been possible at the cost of drastic condensation 
of some other topics. “Imperfect” gases, for example, have 
received only two pages, and enzymes, biologically important 
though they are, have received less than six lines. Some of the 
condensation has been accompanied by serious loss in clarity, as 
in the section on the gas constant, R (p. 53), which is so brief that 
it is doubtful if a student who is not already familiar with the 
material will be able to understand it. 

The concept of free energy and free energy change is introduced 
as early as it is needed, and it is used consistently. In view of the 
value of this concept, and the extent to which it is used in this 
text, the reviewer feels that space could profitably have been 
devoted to laying a foundation for understanding it, rather than 
simply saying in a footnote (p. 105): ‘For the details of the 
distinction between heats and free energy a standard physical 
chemistry text should be consulted.” 

The treatment of weak electrolytes is weakened, in the re- 
viewer’s opinion, by the decision of the authors to adopt neither 
the notation H,0+ for hydrogen (hydronium) ion, nor the Brgn- 
sted concept of acids and bases. For example, the hydrolysis of 
an ammonium salt is represented by the equation (p. 175): 


NH,t + H,O = NH,OH + Ht 
whereas the process involved is more nearly indicated by the 
representation: 

NH,* + H.O = NH; + H;0* 
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It also seems to the reviewer that the treatment of ampholytes, 
particularly the properties of dipolar ions (zwitterions) in amino 
acids and proteins, would be much simplified by use of the Brgn- 
sted concepts, as would the explanation (p. 281) of a mechanism 
by which a particle of ferric hydroxide in suspension may acquire 
a positive charge. The authors introduce Lewis terminology in 
one instance, where they say, in connection with coordinate co- 
valence in the chapter on molecular structure: “the electron 
donor is called a base and the electron acceptor, an acid,” but 
since this is an isolated instance, and is never mentioned again, it 
serves only to confuse. 

One of the most important chapters in the book, as it is in any 
book on physical chemistry, is that on galvanic cells. In this 
case, it is.also one of the best. The title of the chapter is ‘‘Oxida- 
tion-reduction equilibria,” which places the emphasis where it 
belongs. In this chapter, brevity has been achieved without 
much. loss of clarity. The difficult question of signs is intelli- 
gently handled, and the equations given are not so numerous as 
to lead to the utter confusion which sometimes exists in the ele- 
mentary study of this difficult topic. In the succeeding chapters, 
on pH, titrations, and buffers, the definition of pH and the treat- 
ment of indicators are oversimplified, but the treatment continues 
to be sensible and essentially teachable. The last chapter in the 
book, on biological energy exchange, might weil have been placed 
just after buffers. 

The seven chapters on surface phenomena and related topics 
are welldone. One obtains the impression, on reading them, that 
the authors were not trying so hard to compress as in some of the 
earlier chapters. For courses where emphasis is to be placed on 
these topics, this book should serve as an excellent text. 

WILLIAM E. CADBURY, JR. 


Haverrorp CoLLeGEe 
HAVERFORD, PENNSYLVANIA 


a PHYSICS AND CHEMISTRY OF CELLULOSE FIBERS 


P. H. Hermans, Director of the Institute for Cellulose Research 
of the A. K. U., Utrecht, Netherlands. Elsevier Publishing Co., 
New York, 1949.. xxii + 534 pp. 225 figs. S8tables. 17 x 
25cm. $9.50. 


Dr. Hermans has achieved considerable distinction in cellu- 
lose chemistry by his extension of the concepts of Meyer and Mark 
and of Frey-Wyssling. In the present text he offers a coordinated 
picture of the physics and ‘‘mechanics” of the cellulose molecule 
and micelle and endeavors to interpret the various properties from 
mathematical considerations. Principal accent is on the regen- 
erated fibers, with only occasional reference to the macro- 
structure of the natural fibers and fibrils, and with deliberate 
avoidance of the organic chemistry of cellulose and its derivatives. 
As explained in a postscript the manuscript was practically fin- 
ished in 1941; coverage of the more recent American and British 
literature is therefore incomplete. However, the author presents 
a very substantial account of previously unpublished investiga- 
tions by himself and his associates. 

The first part of the book develops the classical concept of the 
cellulose molecule and its organization into crystalline micelles 
separated by amorphous regions. Solution and gel formation 
are interpreted on the basis of relative associative bonding in the 
intra- and intermicellar areas. Adequate treatment is given to 
the polymolecularity of cellulose and to the thermodynamic 
significance of osmotic and viscometric methods for evaluation 
of chain length. The second part of the book discusses in con- 
siderable detail the properties of various cellulosic fibers, with 
particular reference to water sorption, density, birefringence, X- 
ray spectra, and stress-strain relationships. The author inter- 
prets these properties in terms of molecular order and disorder 
within the fiber and then coordinates this interpretation with 
mathematical theory. The third and final section deals with 
the theoretical factors which influence the viscose process. Al- 
most 200 pages are devoted to a detailed account of the forma- 
tion of the isotropic filament and the physicochemical elements 
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The author’s 


involved in subsequent elongation and shrinkage. 
concepts are well documented with experimental evidence. 
The subject matter does not make easy reading, despite the 


author’s persuasive and somewhat informal style. It might have 
been advantageous if the English translation had been edited by a 
qualified American cellulose chemist. This would have corrected 
the frequent typographical errors, the coining of English counter- 
parts of “double-barrelled’”’ German expressions (e. g., highmo- 
lecular, polymeranalogously), and the use of rather odd-sounding 
English equivalents (e. g., good tallies for good agreement or 
checks; fractionated dissolution for fractional solution; chitin 
shields, presumably for shells or integuments; the armchair form 
of glucose; stenosage or formalization, presumably for formalde- 
hyde cross-bonding; clews, to designate a linear molecule wound 
as a loose ball of yarn). However; these oddities are not detri- 
mental to the reader’s understanding. 

The book represents an important contribution to the cellulose 
literature, not only as a coordination and mathematical interpre- 
tation of modern theory but likewise as it represents the qualified 
viewpoints of the author and his associates. It is particularly 
recommended for the serious student of high polymers. It may 
prove somewhat heavy fare for the novice. 





THOMAS JOHN SCHOCH 
La GRANGE, ILLINOIS 


e INTERMEDIATE CHEMISTRY 


T. M. Lowry, late Professor of Physical Chemistry, University of 
Cambridge, and A. C. Cavell, Senior Science Master, Upping- 
ham School, Macmillan and Co., Ltd., London, 1949. Revision 
of Fifth Edition. xvi + 876 pp. 14 X 22cm. $4. 


“Tue purpose of the present volume is to provide a complete 
textbook of chemistry for Intermediate and Higher School Cer- 
tificate Examinations.’’ Consequently, the book consists of the 
following parts: I. General and Theoretical (8 chapters); II. 
Typical Elements (13 chapters); III. Transitional Elements 
(6 chapters); IV. Analysis (5 chapters); V. Physical Chemistry 
(14 chapters) and VI. Principles of Organic Chemistry (15 chap- 
ters). Since the book is intended to be used in the laboratory 
as well as in the classroom, there are incorporated into the text 
190 experiments. In addition, 53 pages of typical questions to- 
gether with 4 pages of answers are included “so that the reader 
may be able to test his progress in knowledge at convenient 
stages.” 

As might be expected of a book which attempts so wide a cov- 
erage as this does, the treatment is selective and very much con- 
densed. Furthermore, the approach is highly traditional even 
though the results of modern studies have been incorporated into 
the text. 

For the student preparing for examination under the British 
system of education, the book will continue to be popular. For 
the person who wants a reference book covering all phases of the 
science of chemistry, this book is to be highly recommended. 
However, the book is not likely to be considered satisfactory as 
a textbook for any of the courses in the conventional fields of 
chemistry as taught in American colleges and universities. 


W. CONARD FERNELIUS 
THe PENNSYLVANIA STATE COLLEGE 
Strate CoLueGe, PENNSYLVANIA 


® THEORY OF DIELECTRICS 


H. Frohlich, Professor of Physics University of Liverpool, Eng- 
land. Oxford University Press, 114 Fifth Ave., New York, 1949. 
viii + 180 pp. 47 figs. 14 *.22cm. $4.50. 


Tuts monograph is a detailed account of the theory underlying 
the correlation of macroscopic, measurable properties of dielec- 
trics with the molecular structure of the substances investigated. 
This field of research has needed for some time a modern book to 
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supplement the two classics; Fréhlich’s monograph fills the need 
as far as modernization of theory goes, because the author handles 
the theoretical derivations with complete competence. In this 
reviewer’s opinion, however, the book could have been consider- 
ably strengthened and made much more valuable by a more 
liberal use of experimental examples. If the author insisted on 
holding so rigorously to his title, he might at least have included 
some references for supplementary reading. 

Several items of nomenclature call for comment. Describing 
the real and imaginary components of ¢ as “two different dielectric 
constants” is objectionable, because the accepted name ‘‘loss 
factor” is so aptly descriptive for the imaginary component. 
Introduction of the symbols « and e2 for the familiar e’ and e’’ 
seems a needless conflict with convention. Loss angle and phase 
angle have also been confused, by implication at least, if we com- 
pare Eqs. 2.2, 2.5, and 10.17. 

The opening chapter presents the fundamental electrostatic 
relationships in essentially axiomatic form and introduces almost 
at the outset the time-dependent field. This procedure seems 
much better than the traditional one of starting with static fields 
and then, after many pages, letting the reader in on the secret that 
the fields of practical interest are variable. Another excellent 
feature of the initial chapter is the treatment there of electrical 
energy and dissipation from the point of view of thermodynamics; 
this introduction anticipates the order-disorder problem. Next, 
the static dielectric constant is discussed; here we find again a 
welcome break with the tradition of presenting Lorentz theory, 
building up an elaborate structure on this limiting case, then back- 
tracking to consider real systems at finite dipole concentrations. 
Instead, the ideas of reaction field and dipolar interaction are in- 
troduced early, and the treatment follows the Onsager-Kirkwood 
theory with the Clausius-Mosotti formula included as a special 
case. This chapter also contains some useful original derivations. 
The third chapter includes the familiar Debye theory of relaxa- 
tion in dipolar systems. In view of the practical importance of 
polymeric dielectrics more space might have been found for men- 
tion of Cole’s and Kirkwood’s work on the distribution of relaxa- 
tion times. Also Kauzmann’s application of Eyring’s rate theory 
seems to be dismissed too hastily. The fourth (and final) chap- 
ter contains a series of well-chosen examples illustrating the ap- 
plication of the theory to experimentally studied systems. It 
is in this chapter that expansion in an eventual revised edition 
would be desirable. The monograph closes with an appendix in 
which mathematical details of a number of derivations are given. 
The book is recommended as a reference work for advanced 
courses in physical chemistry. 


RAYMOND M. FUOSS 
Yaue UNIVERSITY 
New Haven, Connecticut 


& QUANTITATIVE PHARMACEUTICAL CHEMISTRY 


Glenn L. Jenkins, Dean, School of Pharmacy, Purdue University, 
Lafayette, Indiana; Andrew G. DuMez, Dean, School of Phar- 
macy, University of Maryland, Baltimore, Maryland; John E. 
Christian, Associate Professor of Pharmaceutical Chemistry, 
Purdue University; and George P. Hager, Associate Professor of 
Pharmaceutical Chemistry, University of Maryland. Third edi- 
tion, McGraw-Hill Book Co., New York, 1949. xii + 531 pp. 
68 figs. 75tables. 14.5 X 21.5 cm. $4.75. ’ 


Turis is the third edition of the only practical modern textbook 
on quantitative analysis of drugs, and it exhibits some improve- 
ment over previous editions, both in format and freedom from 
gross errors. It will of necessity constitute a part of the training 


of every student of pharmacy and should be available to any 
chemist who is concerned with analytical work on medicinal sub- 
stances. 

Nevertheless, there are several shortcomings of the earlier 
editions that unfortunately have not been corrected. While a 
good description is given of the analytical balance nothing what- 
ever is said about the ever more popular chainomatic variety and 
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about the possible value of weighing on a micro scale. Appar- 
ently the authors favor use of the slide rule in solving problems 
but they give it no description at all. The important matter of 
sampling is almost neglected; except for copying the pharmacopoe- 
ial directions, and no explanation is offered for the ‘process 
of quartering. The statistical treatment of results is considered 
somewhat superficially in the light of modern trends, although 
perhaps this might be excused in an elementary text. It must 
also be pointed out that there are quite a number of inaccuracies 
in the statements about ionization, especially in regard to pre- 
existence of ions in solid electrolytes. 

One of the most serious errors in judgment is the tendency to 
use formulas for the names of substances, such as NaCl for sodium 
chloride. In the reviewer’s mind this is a seriously poor custom 
and inexcusable in any textbook, decture, or discussion, and cer- 
tainly the student should not be allowed to acquire the habit. 
To hear a teacher say ‘Add two grams of En-A-2-Cee-Ar-2- 
Oh-7” when the words sodium dichromate contain three fewer 
syllables seems almost ridiculous. It is recognized that many 
modern texts are equally at fault but that does not excuse any of 
them. The end results become serious when a formula such as 
HCl is used to mean 10 per cent hydrochloric acid and when 
H,0:2 is employed for the common 3 per cent solution of hydrogen 
peroxide. 

While in general official titles have been changed to conform 
with the new system, unfortunately there have been some over- 
sights. For example, one will find Extract of Beef and Pills of 
Ferrous Carbonate. Furthermore, substances that are not now 
official are still described, e. g., we find on page 137 Diluted Hy- 
drocyanic Acid N. F. and on page 142, Strong Silver Protein 
Soke 


kh. V. LYNN 
MASSACHUSETTS COLLEGE OF PHARMACY 
Boston, MASSACHUSETTS 


@ GENERAL CHEMISTRY 


A. W. Laubengayer, Professor of Chemistry, Cornell Univer- 
sity, Ithaca, New York. Rinehart and Co., Inc., New York, 1949. 
xvi + 528 pp. 57 figs. QO tables. 16 X 23.5cm. $4.25. 


Proressor LAUBENGAYER has followed the order most com- 
monly found in beginning chemistry books. A statement of the 
simplified atomic theory is followed by material on oxygen, hy- 
drogen, states of matter, and elementary physical chemistry, 
leading up to the discussions of the elements according to the 
groups in which they are found in the long form of the periodic 
table, including simple organic chemistry. Discussions of ra- 
dioactivity and colloids complete the book. The appendixes 
include, in addition to the usual conversion tables, summaries 
of the use of exponentials and the concept of significant figures, 
and a table of oxidation-reduction half reaction potentials. 

The book accents, considerably more than most of its class, the 
geometrical arrangements of the atoms in the substances dis- 
cussed and contains more than one hundred line drawings of the 
“stick and ball” or ‘symbol and bond”’ type to illustrate various 
structures. These should be very valuable for students who 
have concepts of spatial geometry. 

The general pedagogy in the majority of subjects discussed is 
to present a chemical theory or define a chemical concept and 
then to show how these are consistent with the experimental data. 
Thus conclusions are first presented and the facts supporting 
those conclusions then fitted into place. 

The treatment of solvation, and particularly hydration is 
much more thorough than most, and the complexity of chemical 
species in water solutions well underlined. It is made clear that 
chemical equations as usually written are highly symbolic with 
only varying degrees of approach to reality. Equ:tions for net 
reactions are used in the main as the closest feasiblc approach to 
the real situations. 

Relatively little space is devoted to industrial preparations, 
only three of the line drawings being at all related to industry. 
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There are indeed no half tone cuts at all in the book but only 
line drawings of such simplicity as to be readily comprehended 
by the student. 

The errors, both typographical and factual, are fewer than in 
many books covering the same subjects. The problems are well 
chosen, and varied, with an average of about 10 for each of the 
36 chapters. 

The majority. of teachers of beginning chemistry will certainly 
find it worth their while to look over this volume for it contains 
much of the more recent contributions of structural chemistry 
without breaking sharply with the most common order and con- 
tent in elementary chemistry courses. 


J. A. CAMPBELL 


OBERLIN COLLEGE 
OBERLIN, OHIO 


@ MATHEMATICAL FOUNDATIONS OF STATISTICAL 
MECHANICS 


A. I. Khinchin. Translated from the Russian by G. Gamow, 
Professor at George Washington University. First American 
Edition. Dover Publications, Inc., 1780 Broadway, New York 19, 
1949. viii + 179 pp. 12.75 X 18.75 cm. $2.95. 


AccorpiING to the publisher’s circular the author “has been 
prominently identified with the remarkable research develop- 
ments in mathematical analysis at the First Moscow University.” 
The translator is a well-known physicist and author. 

It is difficult to appraise what a book like the present one will 
contribute toward helping the efforts of physical chemists en- 
gaged in applying statistical mechanics to their many problems. 
Fundamental and laudable as they are, the preoccupations of 
this book are more of the type of those of the mathematician and 
of the theoretical physicist. As explicitly stated in the Preface, 
“the book is written, above all, for the mathematician, and its 
purpose is to introduce him to the problems of statistical me- 
chanics in an atmosphere of logical precision, outside of which he 
cannot assimilate and work, and which, unfortunately, is lacking 
in the existing physical expositions.” The titles of the eight 
chapters will give a more concrete idea of the author’s purpose 
and scope: Introduction, Geometry and kinematics of the phase 
space (not ‘phase rule” as is hopefully stated on the jacket), 
Ergodic problem, Reduction to the problem of the theory of 
probability, Application of the central limit theorem, Ideal 
monatomic gas, The Foundation of thermodynamics, Dispersion 
and the distributions of sum functions. There is an Appendix 
entitled ‘‘The proof of the central limit theorem of the theory of 
probability,” a table of Notations and a short Index. 

The physical chemist may accept, no doubt with a mild shock, 
that the mathematical level of the Maxwell-Boltzmann investiga- 
tions is “quite low’ and that, of Gibbs’ Elementary Principles of 
Statistical Mechanics ‘‘not high” and he may go along with the 
author toward the summits of Birkhoff’s theorem with its impli- 
cations concerning the ergodic hypothesis. The esthetic and 
logical reward may be great but the new outlook cannot be very 
different from that so aptly stated by Tolman (‘‘The Principles 
of Statistical Mechanics, Oxford Press, 1938, p. 70): “. . .it is 
evident that such studies can neither contradict the mechanical 
possibility for some paths, which would exhibit time averages 
quite different from the ensemble averages, nor eliminate the 
ultimate necessity for recourse to a postulate as to a priori prob- 
abilities.’ To those students of statistical mechanics who have 
made the effort of mastering the Fowler-Darwin method of steep- 
est descents as well as to the more numerous ones who have re- 
mained satisfied with the Stirling approximation type of deriva- 
tion, Khinchin’s ability to overcome the difficulties of the former 
without compromising with the weaknesses of the latter through 
the use of the fundamental theorems of the theory ot probabilities 
will prove of interest. According to the author ‘‘the only éssen- 
tially new material in this book consists of the systematic use of 
limit theorems of the theory of probability for rigorous proofs 


685 


of asymptotic formulas” (7. e., formulas “which approach the 
precise ones when the number of particles constituting the system 
increases beyond any limit’’). The avoidance of quantum sta- 
tistics greatly but purposely limits the scope of the book from 
both the theoretical and applied standpoints. 

In times like the present, when statistical mechanics enthusi- 
astically attacks one new problem after another (as evidenced, for 
instance, by the colloquium recently held in Florence by the In- 
ternational Union of Physics), it is useful and even essential to 
have available the cautious stability of books acutely concerned 
with fundamentals like the one under review. Should this trans- 
lation do no more than succeed in obtaining the active interest 
of a few mathematicians as well as the studious curiosity of a few 
physical chemists its publication will be well justified. 

To some readers it will perhaps be a matter for slight dis- 
appointment that the translator’s customary humor and artistic 
skill could not be called in to relieve somewhat the arduousness of 
the mathematical arguments. 

PIERRE VAN RYSSELBERGHE 

UNIVERSITY OF OREGON 

EvuGENE, OREGON 


@ CHEMISTRY OF SPECIFIC, SELECTIVE AND SENSI- 
TIVE REACTIONS 


Fritz Feigl, Engineer, Laboratory of Mineral Products, Ministry 
of Agriculture, Rio de Janeiro, Brazil; formerly Professor of Analyti- 
cal and Inorganic Chemistry at the University of Vienna. Trans- 
lated by Ralph E. Oesper, Professor of Chemistry, University of 
Cincinnati, Ohio. Academic Press, Inc., New York City, 1949. 
xiv + 740 pp. 29tables. 15 X 23cm. $13.50. 


THE author states in the first sentence in the preface that 
“during the past twenty-five years analytical methods based on 
the properties and reactions of the substances to be detected or 
identified have been improved to a greater extent than in all the 
preceding years.” Older methods have been improved, new 
methods developed and analytical procedures placed on a scien- 
tific basis. During this same period rapid progress has been 
made in the development of analytical instruments that often 
simplify the making of quantitative measurements and greatly 
extend the accuracy and sensitivity of the methods. The present 
book is ‘‘an attempt to summarize our knowledge of the scientific 
background of the specificity, selectivity, and analytical proce- 
dures.” No other person is better qualified to do a job of this 
magnitude and scope than Dr. Feigl who has contributed so 
much through his researches in the field of spot test analysis for 
more than a quarter of a century. Throughout the book the 
experimental side has been stressed and the author has drawn on 
all fields of chemistry—inorganic, organic, physical, colloid, 
photochemistry, etc.—in his study of specificity, selectivity, and 
sensitivity. There are hundreds of referentes to the original 
literature, as well as many citations to work done in Dr. Feigl’s 
laboratory and published here for the first time. The book is 
replete with critical remarks pertinent to the subject. These 
not only enhance the value of the book but also should stimulate 
research in the field of specific, selective, and sensitive reactions. 
These ‘‘critical remarks” are frequently to be found in footnotes 
in small print. A hasty count by the reviewer gave no less than 
190 pages having one footnote and more than 40 pages with two 
or three. It would have made reading easier had these footnotes 
been placed in the main body of the text (in the same small type, 
perhaps, to economize with space). Most of these would have 
required little or no change in their wording. This is only a 
suggestion which the author may wish to consider in a future 
edition. 

The book contains twelve chapters, two of which (Chapters VI 
and X) account for more than half the volume. The topics 
treated are: General comments on the analytical usefulness of 
chemical reactions (Chapter I, 5 pages); characterization of 
chemical tests by sensitivity, selectivity, specificity, and limiting 
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proportion, and the role of reaction conditions (Chapter II, 16 
pages); types of complex and coordination compounds which 
play a role as reactants and products of reaction in analytical 
processes (Chapter III, 44 pages); masking and demasking of re- 
actions (Chapter IV, 42 pages); enhancement of reactivity of 
compounds and reaction of systems (Chapter V, 57 pages); 
effect of certain atomic groupings on the specific and selectivity 
of compounds in inorganic analysis (Chapter VI, 202 pages) and 
in organic analysis (Chapter VII, 13 pages); regularities and 
anomalies in the solution of materials in different solvents 
(Chapter VIII, 28 pages); influence of size and weighting effects 
on solubility and salt-forming ability (Chapter IX, 21 pages); 
surface effects in analytical chemistry (Chapter X, 180 pages); 
genetic formation of materials and topochemical reactions (Chap- 
ter XI, 58 pages); and analytical use of fluorescence effects and 
photochemical reactions (Chapter XII, 23 pages). Structural 
formulas are used extensively throughout! the text which greatly 
enhance its value. There is an author index and a subject index. 
The printing, paper and binding are good and no serious typo- 
graphical errors were noted. 

The translator of the German manuscript, Professor R. E. 
Oesper, has done a most excellent piece of work. The author 
gives him especial thanks in the Preface for this achievement, for 
a great deal of technical advice, and for his patience and deep 
understanding of the aims of the work. 

“Chemistry of Specific, Selective and Sensitive Reactions” is a 
monumental work, accomplished under great hardships due to 
conditions in Europe in the nineteen thirties which culminated 
in World War II. Dr. Feigl began his studies for the book long 
before the war but lost all his laboriously gathered material during 
his flight from Europe. His studies were resumed in 1941 when 
he started life anew in Brazil. This, his latest book, will cer- 
tainly find a welcome niche on the desk of many a worker in the 
field of analytical chemistry. 


JOHN H. YOE 
UNIVERSITY OF VIRGINIA 
CHARLOTTESVILLE, VIRGINIA 


e PRECIS D'ANALYSE QUALITATIVE 


Robert Flatt, Professor of Mineral and Analytical Chemistry, 
University of Lausanne. F. Rouge and Cie, Lausanne, 1949. 237 


pp. 18tables. 23 X 17cm. 


Tuts Swiss manual of qualitative analysis was designed to ac- 
company the beginning college course in general chemistry. 
Accordingly, the first 60 pages are devoted to the necessary back- 
ground material, stressing such topics as equilibrium, mass ac- 
tion, common ion effect, indicators, buffers, norma! and molar 
systems of solutions, theory of neutralization and redox reactions, 
complex ions, solubility products, ete. Then follows a series of 
exercises to familiarize the student with the principal operations 
employed in qualitative analysis, and a set of 54 experiments to 
illustrate the basic ideas discussed in the opening section. 

Part II (pp. 83-200) gives the reactions of the cations and an- 
ions. The order of presenting the cationic groups is the reverse 
of the order in which the groups are encountered in the actual 
analytical scheme. This is a sensible arrangement because the 
chemistry of the alkali and alkali earth groups is fairly simple in 
comparison with the complexities exhibited in the sulfide groups. 
The reactions of each group are summarized in a table, which 
compresses much information into a small area. The separation 
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and detection of the individual members of each group follow. 
The procedural directions are clear, concise, and explicit. A 
flow diagram is given for each group, together with remarks, 
precautions, etc. The same general method of presentation is 
used for the separation and/or detection of the anions, With 
this background, the student is prepared to undertake the analy- 
sis of a general unknown. The macroscale is used; there is no 
mention of the centrifuge. 

Part III deals with preliminary tests, dissolution of samples, 
special tests, preparation of reagents, etc. 

This text has been prepared most carefully and obviously is 
the fruit of a long experience in the field. It tells the student 
what he needs to know, and teaches him to approach the problem 
with a prepared mind. A journey through this text under the 
guidance of an interested instructor should produce not only a 
good qualitative analyst but also a student with a fine fund of 
knowledge concerning general chemistry. There is no evidence 
here that qualitative analysis has been relegated to the position 
of a stepchild as is true in many American colleges. 


RALPH E. OESPER 
UNIVERSITY OF CINCINNATI 
CINCINNATI, OHIO 


® ANNUAL REVIEW OF BIOCHEMISTRY 


J. Murray Luck, Stanford University, Editor; H. S. Loring, 
Stanford University; and G. Mackinney, University of California, 
Associate Editors. Volume XVII. Annual Reviews, Inc., Stan- § 
ford University, California, 1948. vi + 801 pp. 34 figs. 4 

tables. 16+ 23cm. $6. | 


Tue contents of this volume of the series include: biological 
oxidations and reductions; nonoxidative enzymes; chemistry of 
the carbohydrates; the chemistry of the immunopolysaccharides, 
X-ray crystallographic studies of compounds of biochemical 
interest; chemistry of the lipids, the chemistry of the proteins 
and amino acids; nucleoproteins, nucleic acids, and related sub- 
stances; carbohydrate metabolism, lipid metabolism; the meta- 
bolism of proteins and amino acids; the metabolism of drugs and §} 
toxic substances; clinical applications of biochemistry; biochem- J 
istry of the hormones, the vitamins, clinical aspects of vitamins; ff 
the biochemistry of the natural pigments; the terpenes (in rela- 
tion to the biology of genus pinus); the alkaloids; photosynthe- §} 
sis; mineral nutrition of plants; plant hormones; bacterial 
metabolism; the chemistry of penicillin; ruminant digestion; 
physiological aspects of genetics. 


* MODERN INSTRUMENTAL ANALYSIS, VOLUME I 


Edited by David F. Boltz, Assistant Professor of Chemistry, 
Wayne University, Detroit, Michigan. Edwards Brothers, Inc., 
Ann Arbor, Michigan, 1948. viii mt 191 pp. 57figs. 19 tables. 
14 X 22cm. $3. 


Tuis is the first volume of a series of small monographs which 
seem destined to have a permanent place in the literature of 
analytical chemistry. The various chapters are written by 
qualified specialists in each field: Quantitative Spectrochemical 
Analysis, and Application of Spectrochemical Analysis by J. R. 
Churchill; Mass Spectrometry, by K. J. Heinecke; electron 
Diffraction, by L. O. Brockway; X-ray Diffraction, by E. J. 
Bicek. 
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